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Transforming mathematical games into 
investigations 
James Russo, Monash University 
Toby Russo, Spensley Street Primary School 

(Almost) all primary teachers play mathematical games 

Mathematical games are ubiquitous in primary classrooms. Recently, we asked 135 

Australian early years primary teachers (Foundation, Year 1 and Year 2) from 28 Catholic 

Primary schools in New South Wales and Victoria how frequently they played mathematical 

games with their students. It is important to emphasise that these teachers had no special 

interest in games; their school leadership had decided to participate in professional learning 

around teaching with sequences of challenging tasks, and we had invited them to complete 

a pre-program questionnaire that included this single item about games. The results are 

reported in Table 1. 

Table 1 

How frequently early years teachers play maths games in their classrooms 

All the time (e.g., 4-5 times per week) 71 (53%) 

Often (e.g., 2-3 times per week) 44 (33%) 

Sometimes (e.g., once per week) 17 (13%) 

Rarely (e.g., once per month) 3 (2%) 

Never 0 (0%) 

An astonishing 98% of early years teachers reported playing mathematical games at least 

once per week in their classrooms, and over half (53%) of teachers reporting playing games 

GIGABYTE
Text Box
311485551



Accepted: Australian Primary Mathematics Classroom, Issue 2, 2020 

all the time – effectively in every single lesson. Given how widely games are used, providing 

guidance for teachers around how they might decide which specific games to include in a 

given lesson seems valuable. 

Five principles of educationally-rich mathematical 
games 

With this in mind, we (alongside Leicha Bragg) have previously put forward five principles of 

educationally-rich mathematical games (Russo, Russo & Bragg, 2018). These principles 

were developed from drawing on the research literature and our professional experience as 

game-designers and primary mathematics teachers. Rather than a conclusive list, these 

principles are intended as a starting point for a staffroom or planning meeting discussion 

amongst teachers about which games their students might play in class. We briefly 

recapitulate these five principles below. 

·         Principle 1. Students are engaged. Mathematical games should be engaging, 

enjoyable and generate mathematical discussion, three qualities that appear to be 

‘natural’ advantages of games over many other activities. 

·         Principle 2. Skill and luck are balanced. To maximise student engagement, maintain 

interest in the game over multiple rounds of play, and to develop emotional resilience in 

students, skill and luck should be balanced. 

·         Principle 3. Mathematics is central. Core mathematical ideas that are the primary 

learning focus should be embedded in the game, and engaging in these ideas should be 

central to gameplay. 

·         Principle 4. Flexibility for learning and teaching. Mathematical games should be 

differentiated through both game dynamics and game mechanics to cater to different 

learners, and potentially modifiable to focus on different mathematical concepts.  

·         Principle 5. Home-school connections. Mathematical games have the potential to 

generate more positive views about mathematics, and to build positive connections 

between home and school environments.    

As an important aside, distinguishing between game mechanics and game dynamics is 

useful when thinking about mathematical games. To analogise: If players were cars, game 

mechanics would be the road, the road rules, the traffic lights etc., whilst game dynamics 
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would be the traffic flows. Game mechanics refer to the rules of play and the materials that 

together dictate the outcomes of interactions within the game. Game dynamics, on the other 

hand, refer to players’ responses to these mechanics and their aesthetic experience of the 

game (Kim, 2015). In our context, game mechanics can be modified to support 

differentiation; for example, different groups can play with different dice, or focus on a 

different target number. However, games are also differentiated through game dynamics, 

when students use strategies of choice reflective of their current level of proficiency; for 

example, when some students ‘count-on’ and other students use partitioning strategies (e.g., 

bridging through 10) during an addition game. 

Although these five principles were never intended to be definitive, when we started 

discussing these ideas with teachers at professional learning workshops, we immediately 

realised that at least one important principle was missing. One of the real benefits of an 

educationally-rich mathematical game is the power to extend the game into an investigation. 

It was often highlighted to us that the Maths 300 resource site (available through AAMT) in 

particular uses this approach to great effect. Indeed, both of us have used games such as 

Multo and Addo in our classrooms precisely because of the richness of the accompanying 

investigations.  

Transforming games into investigations: A sixth 
principle of educationally-rich mathematical games 

Almost all mathematical games with even a modicum of game strategy or complexity have 

the potential to be transformed into an investigation. In general, it is recommended that 

students have an opportunity to play the game as the main activity of the lesson the first time 

they encounter it. Depending on the complexity of the game and the associated 

investigation, the investigation can either serve as a closure to this first lesson, or as the 

main activity in a second or subsequent lesson.  

Transforming a game into an investigation can be achieved through several approaches, 

including: investigating game scenarios; identifying and generalising mathematical patterns 

that emerge when playing the game; and inquiring into the structure of the game. Moreover, 

for each of these approaches, additional follow-up investigations can be generated through 

modifying game mechanics; specifically ‘changing the rules’ of the game through drawing on 

principles of variation theory. The central idea of variation theory is that developing a follow-

up task through deliberately altering just one aspect of the original task can support student 

learning, through focussing student attention on the differences between the two versions of 
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a task (Kullberg, Kempe, & Marton, 2017; Watson & Mason, 2006). Drawing on principles of 

variation theory when teaching mathematics can support students to understand, organise 

and distinguish between important mathematical concepts.  

Examples of each of the three approaches for transforming a game into a rich investigation, 

as well as a variant investigation created through ‘changing the rules’ of the game, are 

elaborated on below. 

Investigating Game Scenarios: Multiple Mysteries 

Multiple Mysteries (Russo & Russo, 2017; Years 4 – 7) 

Multiple Mysteries is a game for 2 to 4 players focussed around students developing skills 

and knowledge of multiples, factors and divisibility rules. To play, you need a deck of cards 

and a calculator. 

To begin, remove the tens and picture cards from a deck of cards. We encourage you to 

leave the Jacks and Jokers in the deck (representing zeroes). Before beginning, the teacher, 

or the players, choose a target multiple for the group (e.g., 3, 5, 8). This will be the multiple 

in focus for the entire game for all group members.  

Note that we generally have it such that all groups focus on the same target multiple and 

allow ‘natural’ differentiation through game dynamics (e.g., some students regularly make 2-

digit numbers, whilst other students regularly make 5-digit numbers). This common 

experience helps to focus our subsequent post-game discussion. However, there is scope to 

have different groups focus on multiples that are specifically targeted to their learning (or to 

give each group some choice in terms of the level of challenge). If you decide to go down 

this path, we would suggest differentiating around related multiples to support a richer post-

game discussion (e.g., Group 1 is allocated 4 as their target multiple; Group 2 is allocated 8 

as their target multiple).  

Gameplay is described below:  

1. Five cards are dealt to each player in the group (so that other plays cannot see them), and 

the first player begins their turn.  

2. The objective on any given turn is to use some or all of these five cards to make a multiple 

of the particular target that is the focus for that game. The more digits in the number you 

create, the more cards you use, and the more points you will score. For example, if the 
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target multiple was 8, using the cards 4 and 8 to make the number 48 would earn you two 

points; whereas using the cards 2, 4 and 8 to make the number 248 would earn you three 

points. 

3. The player then ‘banks’ these cards in their own bank, and picks up some additional cards 

from the deck to ensure they have five cards in their hand at the beginning of the next turn. 

 4. On any given play, any opponent has the option of challenging the player’s multiple 

through using a calculator and dividing the created number by the target multiple (e.g., 248 

divided by 8). If the challenger is correct, the cards used to create the number are ‘banked’ 

instead by the challenger. If the challenger is incorrect, they must pay a one-card penalty to 

the player who was challenged.  

5. Play continues in turn. Once all the cards in the deck are used, the ‘banked’ cards are 

counted up. The player who ‘banked’ the most cards wins the game.  

Investigation: When playing with three as their target multiple, John was particularly proud of 

himself for scoring a ‘4-pointer’ using the cards 2, 3, 4, 9. What 4-digit number do you think 

John created? Prove that you are right. Are there any other possibilities? 

Multiple Mysteries is one of our all-time favourite maths games for the upper-primary years 

because it has the ‘feel’ of a real card game, whilst being very clear in its mathematical 

focus. It is strongly aligned with all five of our principles of educationally-rich games, but 

particularly Principle 1 (Students are engaged) and Principle 3 (Mathematics is Central). 

In order to be highly proficient at Multiple Mysteries, it is helpful if students have some 

knowledge of divisibility rules. However, it undermines students’ valuing of mathematics if a 

teacher simply conveys these rules to students. The purpose of this investigation is to 

prompt students to discover an important, elementary divisibility rule for themselves; that any 

number whose digits sum to a multiple of three is itself a multiple of three. Providing four 

different digits (2, 3, 4, 9) means that there are many possible 4-digit numbers that can be 

constructed (24), both ensuring that discovering the rule is non-trivial and enabling students 

to be confident that the many examples they can generate are suggestive of a rule. As much 

as possible, students should be encouraged to use reasoning strategies when generating 

their answers, and the use of a calculator should only be encouraged later in the 

investigation to allow students to efficiently ‘check through’ all the different possibilities. An 

example of a reasoning strategy would be: “I know 2400 is a multiple of 3, and I know 39 is a 

multiple of 3, so 2439 must be a multiple of 3”. 
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This investigation is a good example of one that has significant mathematical value in its 

own right; however, that will also help improve students’ skill at the game. These kinds of 

investigations can be particularly motivating for students, especially if they know the game is 

likely to be explored again in the future. 

In addition, there is a clear opportunity to follow-up this first investigation with a second 

investigation through ‘changing the rules’. In this case, students could be given exactly the 

same scenario, using the same numbers, with the only change being that John was playing 

with six as his target multiple. Students could sort the 24 solutions from the previous 

investigation into examples (i.e., numbers which are multiples of six) and non-examples (i.e., 

numbers which are not multiples of six) again using reasoning strategies. For example, “I 

know 2400 is a multiple of 6, but I know 39 is not a multiple of 6, so 2439 cannot be a 

multiple of 6”. Working through this second investigation could prompt students to discover 

the divisibility rule for six: that all even numbers whose digits sum to a multiple of three are 

also multiples of six.  

An alternative, or perhaps additional investigation, would be to change one digit in the set of 

numbers presented to John in the original investigation and ask students which ‘4-pointer’ 

John might have scored; for example, instead of the numbers 2, 3, 4, 9, consider the 

numbers 2, 3, 4 and 8. With this new set of numbers, no matter how many combinations 

they generate, students will clearly fail to find a 4-digit number that is a multiple of three. This 

reinforces the idea that ‘summing to a multiple of three’ is both a necessary and sufficient 

condition for any particular number to itself be revealed as a multiple of three. The power of 

such subtle variations to create a contrast that illuminates a mathematical idea reveals the 

benefits of using variation theory to guide task design.   

Exploring mathematical patterns inherent in the game: 
Ready, Steady, Add. 

Ready, Steady, Add (Godrey, 2018; Foundation to Year 3) 

Ready, Steady, Add is a game for two players which is focussed on students developing 

addition strategies and their understanding of the part-whole concept. All students are put 

into pairs. It is important to note that pairs of students cannot communicate with each other 

verbally while playing the game.   

Gameplay is described below:  
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1. To begin the round, the teacher chooses a target number and states it out loud (0-20). For 

example, the teacher might choose 13. All pairs of students are trying to make this same 

target number. 

2. Each pair of students say ‘Ready, Steady, Add’; and each student ‘throws’ between 0 and 

10 fingers on the ‘add’ beat. The fingers thrown are added together. In our example, on their 

first turn, Olive and Max might both throw 10 fingers each, summing to 20 (see Figure 1).  

3. Each pair continues saying ‘Ready, Steady, Add’, and throwing their fingers until they 

create a sum that makes the target number. The pair keeps track of the number of turns it 

takes them. In our example, on their third turn, Max threw 10 fingers and Olive threw 3 

fingers, and they made the sum 10+3=13. 

4. When they reach their target number, the pair put their fingers above their heads to show 

off their sum (see Figure 1). 

5. The ‘winning’ students are the pair who makes the target number in the fewest number of 

turns. 

Games are played very rapidly. As pairs make the target number and hold their hands above 

their head, the teacher records the sum on the board to support the post-game discussion. 

Once all (or most) groups have made the target number, the teacher provides pairs with a 

new target number or asks them to make the same number in a different way.  

Investigation: When playing Ready, Steady, Add, there are often different ways of making 

the target number. Which target number can be made the most different ways? Can you find 

a pattern in how many different ways each of the target numbers can be made? 

Ready, Steady, Add is an example of a basic game mechanic that can be used to explore a 

variety of different mathematical ideas. Although only two variants are described here, 

Godfrey (2018) elaborates on several more. It is an outstanding illustration of a game closely 

aligned to Principle 4 (Flexibility for learning and teaching). 

This particular investigation is intended to get students to engage with the part-whole variant 

of Ready, Steady, Add. Generally, games exploring the part-whole idea are conducive to 

investigations that invite students to be systematic in their approach, and discover patterns.   

The investigation requires them to systematically record all the different possible means of 

constructing a given target number, and attempt to find a pattern. For example, the target 

number 4 can be made in five different ways (0,4; 1,3; 2,2; 3,1; 4,0), whereas the target 
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number 5 can be made in six different ways (0,5; 1,4; 2,3; 3,2; 4,1; 5,0). When students 

discover this initial pattern (i.e., the number of possibilities seems to be one more than the 

target number), they might be tempted initially to conclude that the target number 20 can be 

made the most different ways (21 ways). However, inviting students to actually play the 

game and make the target number 20 will remind them that there is only one way of making 

this number (10,10). The pattern is slightly more complex than initially appears to be the 

case, and it turns out that it is the target number 10 that can be made the most different 

ways (11 ways), closely followed by 9 and 11 (10 ways). 

A follow-up investigation might involve getting students to explore what target number could 

be made the most different ways if we ‘changed the rules’; for example, two students playing 

the game with one hand only, or, alternatively, three students playing the game with one 

hand only. The former variant could serve to consolidate student understanding of the part-

whole concept and associated patterns, whilst the latter could further extend student 

understanding by getting students to consider what happens to the pattern when there are 

three parts to the whole rather than two. In the scenario involving three students with one 

hand each, the key insight is that there are many more ways of generating a given target 

number, however it is still the middle numbers - in this case the numbers 7 and 8 - that can 

be made the most different ways.     
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Figure 1. Max and Olive engaged in a game of Ready, Steady, Add. 

Inquiring into the structure of the game: Skip-Counting 
Bingo 

Skip-Counting Bingo (Russo & Russo, 2018; Year 2 to Year 6) 

This game is for 2 to 5 players. The learning focus for younger students is on developing 

fluency with skip-counting, and to see connections between different counting patterns. The 

learning focus for older students (playing the same game) shifts to factors, multiples and 

multiplication patterns. To play, you need a 120-chart, coloured counters, and a 6-sided (or a 

10-, 12- 20-sided dice, depending on the level of challenge desired).   

1. To begin, students each choose three Bingo numbers in turn, and cover these numbers 

with their coloured counter on the 120-chart. Note that players must choose numbers greater 

than 20 to extend the range of numbers in the skip-counting sequence.  

2. One of the students rolls the 6-sided die (it does not matter who rolls the dice on a given 

turn). Together, students begin counting by whatever the number rolled, using the chart to 

keep track. For example, if they roll a five, they would begin counting by 5s from zero: 5, 10, 

15, 20, 25. etc.  

3. Students stop counting when they encounter a bingo number, and remove that counter. In 

the game shown in Figure 2, students would stop counting at 30 if a five was rolled, as this is 

the first Bingo number encountered.  

4. The dice is rolled again, and a new counting sequence is explored. For example, if a 6 is 

rolled, the group would be counting by 6s from zero. They would again stop when they 

encountered a bingo number, and remove this counter (the counter on 24 in Figure 2). 

5. Play continues until one of the players removes all their numbers and shouts ‘Bingo!’. 

In our example, after two rolls of the dice, the player with the circular counters is in a good 

position to win the game. 

Investigation: Identify the three ‘best’ numbers in the game. Describe why you think these 

numbers are the most likely to be landed on when playing Skip-Counting Bingo. 
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Skip-Counting Bingo is another game we believe is aligned to our five principles, although is 

perhaps a particularly strong example of Principle 2: Skill and luck are balanced. This is 

because a player’s chance of winning is literally determined by the roll of the dice, as well as 

their skill at identifying numbers with a high probability of being landed on.  In addition, any 

game with a bingo-type structure is likely to be intuitive for students, and particularly well 

aligned to Principle 4: Flexibility for learning and teaching, because it is in effect taking 

advantage of a familiar game mechanic to explore a particular concept.   

This particular investigation requires students to identify numbers with many factors, and 

consider this information alongside the fact that lower numbers are more likely to be landed 

on first. It is partly for this reason that Skip-Counting Bingo and the associated investigation 

remains highly appropriate for upper primary students. Consider a game played with a 6-

sided dice. There are only two numbers on the 120-chart that have the numbers 1, 2, 3, 4, 5 

and 6 as factors: 60 and 120. Clearly, 60 is a better choice than 120 in this instance, 

because, no matter what number we roll on our dice, we will land on 60 before 120. 

However, is 60 a better choice than 24? Whilst 60 has all six numbers as factors, 24 is 

‘missing’ 5 as a factor. However, this has to be traded off against the fact that if we roll a 1, 

2, 3, 4 or 6, we will land on 24 before we land on 60. 

In a similar manner to Multiple Mysteries and Ready, Steady, Add, there are many 

opportunities for follow-up investigations if we ‘changed the rules’ of the game, again 

drawing on principles of variation theory. For example, you might ask students to consider 

how the three best numbers in the game change if you play with, for example, a 20-sided 

dice, rather than a 6-sided dice. In the case of changing the dice, it is interesting that the 

best numbers in the game do not change as much as students might initially think. Getting 

students to ponder why changing the dice does not have a large impact on the ‘best 

numbers’ is important. It provides them with an opportunity to appreciate that numbers which 

have many of the numbers ranging from 1 to 6 as factors (e.g., 24, 60) tend to have many 

factors in general.  
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Figure 2. An example of a game of Skip-Counting Bingo. 

Concluding remarks 

Given that almost all primary teachers seem to rely on games as a pivotal aspect of 

mathematics instruction, we have argued that outlining principles as to what might warrant 

an educationally-rich mathematical game is worthwhile. Our original five principles seem to 

capture much of what is valuable about mathematical games, however, in this article we 

have outlined a sixth principle we feel is particularly important: transforming a game into an 

investigation. 

The power of being able to transform a game into an investigation reinforces two core beliefs 

we hold about games. First, mathematical games involve doing ‘real mathematics’, 

particularly if students are given the opportunity to inquire into the mechanics and dynamics 

of a game. Second, games and problem-solving tasks do not need to be viewed as 

competing pedagogical approaches, but are in fact highly complementary. As we have noted 

elsewhere, when launching a problem-solving task, teachers seem to value developing or 

drawing on a “narrative-hook” to “bring the mathematics to life” (Russo et al., 2019, p. 15). 

One way of viewing the sixth principle discussed in this paper is that the game has served as 

an elaborate narrative-hook to draw students into the subsequent mathematical inquiry.  
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If teachers or mathematics educators have ideas for how they might turn their favourite 

mathematical games into investigations, we would love to hear from you. Please email or 

tweet at us. We would love the opportunity to discuss, explore and share ideas. 

James Russo james.russo@monash.edu  @surfmaths 

Toby Russo russo.toby.t@edumail.vic.gov.au @tobyrusso 
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