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Mathematically rich games can make mathematics real for students.  Because students of all ages enjoy games, they 
are motivated to learn strategies to succeed in the game.  In this paper, the authors will, first, explore the 
mathematics education literature to explain why mathematically rich games are useful in the classroom.  Then, they 
will describe one of the games that they presented to elementary school students in central North Carolina.  Finally, 
they will present evidence that these games have been useful in the mathematics classroom. 
 

General Mathematics Classroom 
 

In 1989 and 1991, the National Council of Teachers of Mathematics published two sets 
of recommendations regarding the teaching and learning of mathematics (NCTM, 1989; NCTM 
1991).  The Standards recommended a shift from teacher as lecturer and student as passive 
listener to the concept of a classroom community.  In these classrooms, students would actively 
participate in the instruction by using logic and mathematical facts to solve problems, and they 
would employ mathematical reasoning and conjecture in the application of those problems 
(NCTM, 1991).  In 2000, NCTM (NCTM, 2000) published a revised set of standards which 
address criticisms of the initial version and are more strongly grounded in the cognitive 
development literature.  These revised Standards provide specific suggestions for mathematics 
instruction in middle school.  Specifically, mathematics instruction should emphasize both 
procedural and conceptual understanding.  Individuals should learn not only how to solve the 
mathematics problems, but why their solution strategy works.  This notion of a mathematics 
classroom is a dramatic shift from the traditional one in which students memorize formulas to 
solve the problems.   
 

One way for teachers to establish a standards based classroom is to employ the play of 
mathematically-rich games as a class activity.  These games place the responsibility for learning 
squarely on the students by encouraging them to employ mathematical strategies to succeed.  
The game playing activity involves the reinforcement of previously learned mathematical 
concepts and procedures and the guided discovery of new ones.  The teacher becomes an 
observer, a coach, and a facilitator rather than a knowledge keeper who simply supplies 
knowledge to students (Bauersfeld, 1995).  Mathematically-rich games aid student learning 
because they are contextually meaningful mathematical tasks (Ainley, 1990) that promote 
mathematical understanding, stimulate classroom discourse, and motivate students to learn. 
 
Mathematical Understanding 
 

Carpenter and Lehrer (1999) defined the five mental processes that stimulate 
mathematical understanding.  Students can gain mathematical understanding when they construct 
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relationships by taking meaning from the way current concepts are related to other mathematical 
concepts or previous mathematical experiences.  Mathematical understanding also occurs when 
students extend and apply mathematical knowledge by creating rich, integrated knowledge 
structures for mathematical concepts.  Moreover, individuals who reflect about their 
mathematical experiences regarding the concepts are able to apply that knowledge to solving 
unfamiliar problems and gain mathematical understanding.  Fourth, when working in a 
mathematics community, students can gain mathematical understanding by articulating what 
they know about the mathematical concept in their own words.  Finally, when students construct 
knowledge of the concepts, they gain understanding because they make mathematical knowledge 
their own.  Mathematically-rich games stimulate these forms of mental processes in students 
when they play the games. 
 
Task Design 
 

Mathematically rich games can be useful in the classroom because they engage the 
student in meaningful tasks that promote logical, analytical and creative thinking (Ainley, 1990).  
The authors of the 1991 NCTM Standards document communicated the importance of tasks by 
choosing as the first standard “Worthwhile Mathematical Tasks” (NCTM, 1991).  This standard 
provides teachers with guidelines on which to base tasks.  For instance, tasks in a standards-
based classroom should engage students intellectually, develop mathematical understanding and 
skills, stimulate students to make connections to previous mathematical experiences, require that 
student engage in problem solving in order to solve the task, stimulate the students to 
communicate about the task, and represent mathematics as an ongoing human activity by placing 
the task in a relevant context (NCTM, 1991).  
 

In the report of their work for the QUASAR project, Stein, Smith, Henningsen, and Silver 
(2000) emphasized the importance of task design in stimulating mathematical understanding in 
their students.  In general, then recommend the frequent use of high cognitive demand tasks to 
help students gain a greater understanding of the mathematics underlying the task.   
 

Mathematically-rich games are high cognitive tasks that make sense to the students (van 
Oers, 1996).  By trying to find winning strategies, students learn problem-solving strategies such 
as working backwards, looking for patterns, and considering all possible scenarios (Ainley 
1990).  In addition, they discover the role of generalizing, conjecture, and posing problems in the 
problem-solving process (Arcavi, 2002; Mason, Burton, & Stacey, 1985).  Moreover, while 
playing the game, students communicate about the mathematics with each other and the teacher. 
 
Classroom Environment and Discourse 
  

Reinhart (2000) recommends that teachers require everyone to participate.  Participation 
requires the student to engage in the learning process.  When playing mathematically-rich games, 
students, who are motivated to find a winning strategy (Quinn, Koca, & Weening, 1999; Civil, 
2002), connect to mathematical investigations and problem solving (Skovsmose, 2002) through 
discourse with each other and the teacher. 
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Heaton (2000) describes this discourse as a dance in which the teacher serves as the 
choreographer, the dancer, the stage manager, and the set designer.  Reinhart (2000) would likely 
say that the teacher is also the audience.  To establish a healthy classroom discourse, Reinhart 
requires students in his classes to ask the questions to each other if they cannot contribute to the 
discussion and to ask the class for help when it is needed.  In this way, students build knowledge 
by talking to each other about the mathematics while the teacher, who is no longer the source of 
knowledge, functions as a facilitator. 
 

Mathematically-rich games provide a meaningful context for the students because the 
outcome, winning or losing, can be important to them (Ainley, 1990).  This motivation to 
succeed (Kamii and Anderson, 2003) stimulates students to learn the material by connecting it to 
previous experiences, both inside and outside the classroom.  Students do not come to the 
classroom as empty vessels ready to be filled (Piaget, 1954).  Rather, they bring with them a rich 
history of experiences with mathematics, both inside and outside of school.  Teachers setting 
mathematics in context can lead to discoveries that promote confidence in the students (Boaler, 
1993).  Fasheh (1999) claims that providing a context for mathematics makes it meaningful.  By 
succeeding in the game and seeing this human side of mathematics, students begin to see the role 
that they can play in the mathematics universe, thereby gaining confidence in themselves.   
 
Sample Game – The Mod Game 
 

The Mod Game is a Nim-Like game in which children count down numbers, according to 
predetermined rules, to be the first one to reach zero.  As children count down, they search for 
patterns to discover winning strategies.  Teachers help students determine winning and losing 
numbers.  In this game, teachers present to their students a variety of concepts, depending on the 
grade and ability level of their students.  Some of the more common concepts include pattern 
recognition and using counting strategies to multiply and divide numbers. 
 
 To play the mod game in the classroom, divide the class into two teams.  The object of 
the game is to be the team that reaches zero.  To play the game, one team member will select a 
whole number as the starting value for the game.  Then, the other team can subtract either 1 or 2 
from that given number, creating a new number that is closer to zero.  The teams take turns 
subtracting either 1 or 2 until one team wins by reaching zero.  Variations of this game include 
changing the winning rules so that the team that reaches zero loses and varying the numbers that 
can be subtracted during a turn. 
 

One objective of The Mod Game is for students to recognize the patterns that are 
characteristic of perfect play.  Teachers will know that the students understand the patterns 
associated with this game by examining the numbers that the players choose and the method of 
play.  Individuals who understand these patterns will choose variations that will ensure that they 
win the game and will play perfect strategy throughout the game.  Students have obtained true 
mastery of the game when they know who will win based on the starting point and variation of 
the game. 
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Results 
 

In the 2006-07 school year one of the authors (DSB) was a weekly volunteer in the two 
fifth grade classes at Lakewood Elementary School in Durham, NC.  On Fridays he would 
conduct a 45 minute session in one classroom and then move next door for a 45 minute session 
in the other classroom.  A typical session involved dividing the class into teams to play math 
games aligned to the curriculum.  Often the session would end with two questions for the 
students: 1) “Did you have fun?”; and 2) “Did you learn something?”.  The answer was always 
“yes” to both questions. 
 

Although the students’ answers are sufficient evidence that they enjoyed the game-
playing experience, they are insufficient as evidence of educational progress.  For that evidence 
we turn to the North Carolina End-Of-Grade tests in mathematics and in particular to the 
expected growth criterion established as part of the ABCs accountability program. 
As can be seen from the chart in Figure 1, Lakewood must contend with demographic 
challenges.  Compared to the general population of students in the Durham Public School 
system, Lakewood has a substantially higher level of students on free and reduced price lunch, 
English language learners, and exceptional children.  It is important, therefore, when making 
comparisons of educational effectiveness between Lakewood and elsewhere, that the 
comparisons take cognizance of these challenges.  In other words apples should be compared to 
apples. 
 

The ABCs expected growth criterion accomplishes this apples-to-apples comparison by 
calculating for each individual student an expectation derived from results in a standard-setting 
population of students who had performed similarly in previous state assessments.  For the fifth 
grade students at Lakewood to perform on a par level with fifth graders in the standard-setting 
population, 50% would have to achieve their individually determined expected growth levels.  
As can be seen from Figure 2, they did outstandingly better than that: 87.5% achieved expected 
growth or better. 
 

Conclusion 
 

The inclusion of team play in mathematically-rich games as an instructional component 
of the mathematics curriculum in elementary school is consistent with the pedagogical 
recommendations of the National Council of Teachers of Mathematics.  The implementation of 
this approach at Lakewood Elementary School in Durham, NC shows great promise, but further 
research is needed to provide a conclusive demonstration of efficacy. 
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Figure 1 

 
 
 
Figure 2 



NCARE 2008 annual conference proceedings 
 

6 

References 
 
Ainley, J. (1988).  Playing games and real mathematics.  In D. Pimm (Ed.).  Mathematics, 

teachers and children (pp 239-248).  London: Jodder and Stoughton. 
 
Ainley, J. (1990).  Playing games and learning mathematics.  In L. P. Steffe & T. Wood (Eds.).  

Transforming children’s mathematics education: International perspectives (pp.84-91).  
Hillsdale, NJ: Erlbaum. 

 
Arcavi, A. (2002).  The everyday and the academic in mathematis.  In E. Yackel (Series Ed.) & 

M. E. Brenner, & J. N. Moschkovic (Monographs Eds.).  Everyday and academic 
mathematicsin the classroom (pp. 12 – 29).  Reston, VA: National Council of Teachers of 
Mathematics. 

 
Bauersfeld, H. (1995).  ‘Language Games’ the mathematics classroom: Their function and their 

effects.  In P. Cobb & H. Bauserfeld (Eds).  The emergence of mathematical meaning: 
Interactions in classroom cultures (pp. 211 – 292).  Hillsdale, NJ: Lawrence Erlbaum.   

 
Boaler, J., (1993).  The role of context in the mathematics classroom: Do they make mathematics 

more “real”? For the Learning of Mathematics,13, 2, 12 – 17.  
 

Carpenter, T. P., & Lehrer, R. (1999).  Teaching and learning mathematics with understanding.  
In E Fennema & T. A. Romberg (Eds.) Mathematics classrooms that promote 
understanding. (pp. 19 – 32). Mahwah, NJ.  Lawrence Erlbaum Associates. 

 
Civil, M. (2002).  Everyday mathematics, mathematician’s mathematics, and school 

mathematics:  Can we bring them together? In E. Yackel (Series Ed.) & M. E. Brenner, & 
J. N. Moschkovic (Monographs Eds.).  Everyday and academic mathematicsin the 
classroom (pp. 12 – 29).  Reston, VA: National Council of Teachers of Mathematics. 

 
Fasheh, M. (1999).  Mathematics, culture, and authority.  In A. B. Powell & M. Frankenstein 

(Eds.). Ethnomathematics: Challengin eurocentrism in mathematics education.  Albany, 
NY: SUNY Press. 

 
Heaton, R. (2000). Teaching mathematics to the new standards: Relearning the dance. New 

York: Teachers' College Press. 
 
Kamii, C., & Anderson, C. (2003).  Multiplication games: How we made and used them.  

Teaching children mathematics.  Reston, VA:  NCTM. 
 
Mason, J., Burton, L., & Stacey, K. (1985).  Thinking mathematically. Workingham: Addison-

Wesley. 
 

National Council of Teachers of Mathematics (2000).  Principles and standards for school 
mathematics. Reston, VA: NCTM. 

 



NCARE 2008 annual conference proceedings 
 

7 

National Council of Teachers of Mathematics (1991).  Professional teaching standards.  Reston, 
VA: NCTM.   

 
National Council of Teachers of Mathematics (1989).  Curriculum and evaluation standards for 

school mathematics. Reston, VA: NCTM.   
 
Quinn, A., Koka Jr., R., & Weening, F. (1999).  Developing mathematical reasoning using 

attribute games.  The mathematics teacher. Reston, VA: NCTM 
 
Piaget, J. (1954). Intelligence and affectivity: Their relationship during child development. Palo 

Alto, CA: Annual Review, Inc. 

Reinhart, S. (2000). Never say anything a kid can say!  Mathematics Teaching in the Middle 
School, 5 (8), 478–483.  

 
Skovsmose, O. (2002).  Landscapes of investigagtion.  In L. Haggarty (Ed.).  Teaching 

mathematics in secondary schools (pp 115-128).  London:  RoutledgeFalmer. 
 
Stein, M. K., Smith, M. S., Henningsen, M. A., and Silver, E. A. (2000).  Implementing 

standards-based mathematics instruction: A casebook for professional development.  New 
York: Teachers College  

 
Van Oers, B. (1996).  Learning mathematics as a meaningful activity.  In L. Teff, P. Nesher, P. 

Cobb, G. A. Goldin & B. Greer (Eds.).  Evolution of educational excellence: 25 years of 
education in the Republic of Singapore.  Singapore: Longman. 

 
 
 

  
 
www.MetaMetricsInc.com  
 
Trademark and Copyright Statement 
METAMETRICS, LEXILE, LEXILE FRAMEWORK, the LEXILE symbol, QUANTILE, 
QUANTILE FRAMEWORK and the QUANTILE symbol are trademarks or U.S. registered 
trademarks of MetaMetrics, Inc. The names of other companies and products mentioned herein 
may be the trademarks of their respective owners. © 2008 MetaMetrics, Inc. All rights reserved.  


