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Abstract 

This paper introduces a new inclusive theoretical model, integrated multicultural instructional 

design (IMID), and discusses its potential for application within undergraduate mathematical 

thinking courses for nonmathematics majors. The guiding principles of IMID build upon the 

constructs of multicultural education, ethnomathematics, and universal instructional design 

(UID), a model for inclusion of students with disabilities in higher education. The paper 

addresses how IMID is compatible with research and practices promoted by international and 

national mathematics organizations by maximizing equity, access, and success for all learners. 

The international goal of increased mathematical literacy necessary for all to achieve effective 

global citizenship and participation is addressed. 

Introduction 

The continuum of agrarian, industrial and post-industrial societies has a need for 

mathematics literacy to maximize productivity and social justice. Tertiary mathematics 

coursework is an integral part of a college degree in most countries of the world. It is incumbent 

for mathematics faculty to enhance the likelihood that all students will not only pass a required 

course for tertiary degree attainment, but also achieve a high level of mathematics literacy for 

effective global citizenship. Without universal mathematics literacy, equity and justice in our 

increasingly global society will be more difficult to achieve.  
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We present a theoretical framework for re-visioning curricular design in undergraduate 

maths that promotes the advancement of mathematics literacy for all by integrating multicultural 

mathematics, ethnomathematics, and universal instructional design theory with the international 

guidelines for best practices and success in maths. Required maths courses for non-STEM 

(science, technology, engineering, or mathematics) majors are the primary focus of this chapter, 

although the design is applicable to all maths classrooms. Compulsory maths courses at 

university for students who are not majoring in maths or mathematics-based disciplines offer 

unique challenges for faculty and students—a need to develop a shared sense of need, purpose, 

engagement, and success, as well as a valuing of maths for gaining a greater understanding of the 

world (Alsina, 2001).  

In recent decades much attention has been given to responding to changing student 

demographics in postsecondary education (Crissman Ishler, 2005; Gurria, 2009; Higbee, 2009) 

and to facilitating educational access for students from historically underserved populations 

throughout the world (David, in press; Ferrier & Heagney, 2008). Numerous research projects 

have established that student diversity enhances many aspects of the educational experience for 

all students (Gurin, Dey, Hurtado, & Gurin, 2002; Maruyama, Nirebim, Gudeman, & Marin, 

2000; Pascarella, Palmer, Moye, & Pierson, 2001; Terenzini, Cabrera, Colbeck, Bjorklund, & 

Parent, 2001). In one study (Barron, Pieper, Lee, Nantharath, Higbee, & Schultz, 2007), students 

responded to the question, “How do you personally benefit from the diversity of the student body 

at [institution]?” The predominant theme that emerged from the analysis of the data was that 

students perceived that interactions with others can lead to being more open to different cultural 

perspectives. Several students from historically underrepresented populations also noted that 

they felt a greater sense of belonging because of the diversity of the students in their classes. 
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However, achieving a “critical mass” (Barron et al., pp. 38-39) is not enough. Too often 

institutions focus on what might be construed as a “numbers game”—recruiting and admitting an 

increasing proportion of “minority” students (e.g., students of color, students with disabilities, 

students who represent the first generation in their family to attend college)—without adequate 

concern for what happens to these students after they enroll. Institutions and the administrators, 

faculty, and staff who fulfill their educational missions need to look beyond the mere existence 

of student diversity and instead consider the many ways in which attitudes and behaviors shape 

how we as educators address this diversity in our curricula and programmes. 

 For purposes, “diversity” will be used to refer to the existence of diverse social identities, 

whether defined by race, ethnicity, culture, religion, spirituality, age, gender, sexual orientation, 

disability, social class, language, citizenship, or any other aspect of identity or combination 

thereof. Meanwhile, “multiculturalism” will refer to how we respond to diverse social identities: 

“If diversity is an empirical condition—the existence of multiple group identities in a society—

multiculturalism names a particular posture towards this reality” (Miksch et al.,, 2003, pp. 5-6).  

Ethnomathematics is  

the mathematics which is practised among identifiable cultural groups, such as national-
tribal societies, labor groups, children of a certain age bracket, professional classes, and 
so on. Its identity depends largely on focuses of interest, on motivation, and on certain 
codes and jargons which do not belong to the realm of academic mathematics. 
(D’Ambrosio, 1985, p. 45) 

  

Ethnomathematics researchers and practitioners have used cultural artifacts to advance 

student thinking and explorations of major mathematical concepts (D’Ambrosio, 1985; Powell & 

Frankenstein, 1997). Examples have included comparing and contrasting various indigenous 

numbers and numeration systems to reach a clearer understanding of our number system, 

exploring cultural designs and patterns in artifacts and cloths to enhance understanding of 
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geometric concepts, examining the forms and purposes of historical architectural patterns 

worldwide to broaden our mathematical thinking of space, and engaging in cultural games of 

skill and chance to experience the universality of mathematics as a cultural expression (Ascher, 

1991, 2002; Zaslavsky, 1973). Present-day explorations in ethnomathematics include using 

students’ lived experiences, casting students in the role of researcher, and bridging academic 

mathematics with the hidden mathematics of everyday life (e.g., riding the bus, negotiating a 

freeway system, budgeting, time management, shopping, mental math activities, current events 

[Moses & Cobb, 2001]). For example, Duranczyk and Lee (2007) engaged students in a service-

learning project building a house for Habitat for Humanity and related both mathematics and 

writing assignments to the project. Ethnomathematicians seek to capture the mathematical 

thinking and skills students use and relate them to academic mathematical concepts and skills 

necessary for individual, social, political, and economic progress (Duranczyk et al., 2004; 

Duranczyk & Lee (2007); Moses & Cobb (2001)). Multicultural mathematics educators and 

researchers have emphasized the importance of using and demonstrating the contributions of all 

cultures in the advancement of mathematical thinking (Atweh, Forgasz, & Nebres, 2001; 

English, 2002; Joseph, 2000; Rodriguez & Kitchen, 2009; Solomon, 2009; Staats, 2005). Here 

emphasis is on incorporating activities and examples representative of the students’ cultural 

identities within the classroom and researching the effectiveness of those experiences.  

The implementation of pedagogical models such as universal instructional design (UID; 

Goff & Higbee, 2008a, 2008b; Higbee & Goff, 2008; Silver, Bourke, & Strehorn, 1998), which 

was initially developed to widen participation among students with disabilities, can impact how 

we teach as well as what we teach and can benefit all students. As a model for multicultural 

postsecondary education, UID may serve as a starting point, but it does not fully capture the role 
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that culture can play in the educational process (Hackman, 2008). Our purpose is to consider 

another model for transformative pedagogy—integrated multicultural instructional design 

(IMID) (Higbee & Goff, 2009; Higbee, Schultz, & Goff, in press)—and how it might be 

implemented in postsecondary maths classes and programmes of study.  

 It is important that the mathematical thinking courses that postsecondary students who 

are not mathematics majors take to complete their liberal education requirements are relevant, 

engaging, and rigorous. This student population presents one of the most difficult yet most 

rewarding teaching experiences for higher education faculty. There is often a mismatch between 

faculty and student experiences in understanding of and approaches to mathematics. In our 

increasingly technological and global community it is important for all world citizens to 

understand and apply mathematical thinking strategies while questioning and refining their 

worldview (Holton et.al, 2001). For example, how can citizens of the world without 

mathematical reasoning understand climate change? Our linked economies, workforce, goods, 

and natural resources demand an engaged citizenry with the ability to think quantitatively and 

understand complex problem solving.  

IMID is a student-centered model developed to advantage students who were once 

marginalized in postsecondary education without disadvantaging students who enter the academy 

from a position of privilege or an understanding of the cultural capital needed to be successful. 

Students who are the first in their family to attend tertiary education may not have the practical 

information necessary for success (e.g., study skills, help-seeking behaviors, question posing, 

interface of practicing mathematical reasoning and skills with academic mathematics, study 

groups, understanding of mathematical terms), but if these activities and skills are built into the 

course work and students see the advantages of them for their progress, then marginalized 
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students are supported and students who have utilized these skills and techniques are also 

supported. As Solomon (2009) reported,  

traditional [undergraduate] mathematics teaching and curricula have the effect of denying 

many learners access to high-status mathematics knowledge. In particular, it denies them 

access to meaning-making in mathematics perpetuating narrow epistemologies, 

marginalized identities and a corresponding lack of ownership. (p. 137) 

If all students begin the study of functions by looking at natural events in their daily lives, 

identifying how they understand the relationship, rate of change, posing what ifs (i.e., 

interpolating and extrapolating) from data they have experienced, there is an opportunity for a 

level playing field irrespective of students’ differences in academic language and skills. 

Promoting equity begins with acknowledging and building on students’ lived experiences and 

incorporating their natural approaches to problem solving and interfaces this approach with more 

academic mathematics.  

The next section will focus on understanding local as well as global challenges to 

incorporating students’ lived experiences in the maths classroom and then introduce the guiding 

principles of the IMID theoretical model and its applications to mathematics literacy. Its purpose 

is to stimulate thinking about assumptions about the breadth and scope of mathematical thinking 

necessary for an interdependent global community and seeing mathematics as the cultural tool it 

was designed to be. 

International Standards for Mathematics 

A body of research and practice integrates ethnomathematics, UID, and multicultural 

mathematics into the compulsory education system and some compulsory-years teacher 

education programmes (Atweh et al., 2007). While Rodriguez and Kitchen (2002) have edited a 
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collection of resources for preparing primary and secondary teachers for diverse classroom, the 

Holton et al. (2001) collection focuses on undergraduate mathematics. Researchers at higher 

education institutions have been studying the impact of these practices on widening the pool of 

students for science, technology, engineering, and mathematics (STEM) careers to enhance 

access and equity. The world stage is poised to move beyond implementing and assessing 

compulsory mathematics education to examine practices in higher education, particularly access 

and equity for nonmathematics majors who will need greater access to and success in 

mathematics literacy to function and contribute to the global community. This body of literature 

has formed the backbone of International Standards for Mathematics Education at the 

compulsory level and as criteria for study at the tertiary and university levels (Atweh et al.; 

Holton et al.; OECD, 2004, 2006, 2009; Rodriguez & Kitchen).  

The International Mathematical Union (IMU) commissioned the International Congress 

on Mathematical Education (ICMI) in 1908 to promote international cooperation in mathematics 

and address the development of mathematics educational standards at all levels. ICMI has 

focused on compulsory maths, teacher education up to the tertiary level, and maths for STEM 

majors. Issues related to the mathematics education of tertiary students not in maths-based 

disciplines and courses are rarely represented in ICMI publications or conferences. In 1984 the 

Fifth International Congress on Mathematics Education in Australia birthed the International 

Study Group on Ethnomathematics (ISGEm), again with a focus on compulsory education and 

teacher education (Powell & Frankenstein, 1997). Recent interest in the internationalization of 

mathematics at the university level has been driven by globalization and the economics of higher 

education; this is quite different from the movement in compulsory education, which is driven 

more by the changing demographics of nations and the integration of indigenous, colonial, and 
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recent immigrants into the same school systems that in many cases previously served only the 

children of privileged populations (Atweh et al., 2007; Holton et al., 2001).  

In 2000 the world community through the Organisation for Economic Co-operation and 

Development (OECD; 2006) and its Directorate for Education established mathematics literacy 

goals for tertiary education and higher education. OECD started with 43 countries participating 

in establishing worldwide educational goals. The international education programme today 

involves 62 countries in efforts to establish international standardized assessment through the 

Programme for International Student Assessment (PISA) in tertiary mathematics education for 

15-year-olds. The focus is mathematics literacy, defined as 

an individual’s capacity to identify and understand the role that mathematics plays in the 

world, to make well-founded judgements and to use and engage with mathematics in 

ways that meet the needs of the individual’s life as a constructive, concerned and 

reflective citizen. (OECD, 2006, p. 72) 

Member countries jointly developed the international mathematics literacy definition and 

guidelines for its assessment. There is agreement in the profession on these goals for tertiary 

education. The goals of ethnomathematics, multicultural mathematics and UID are consistent 

with these literacy goals. This definition moves us from an emphasis on specific mathematical 

content, techniques and components to the interface of mathematical ideas and literacy (e.g., 

concepts, ways of thinking, problem solving) with life. 

Angel Gurria (2009), OECD Secretary-General, has challenged us to ensure equity 

among social groups, opening access to more fair, efficient, relevant, and effective higher 

education opportunities. Integrated multicultural instruction design promises to give direction for 

accomplishing this task with our international vision for enhanced mathematics literacy.  
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Throughout the worldwide mathematics community there is agreement that attitudinal 

barriers for both faculty and students are among the largest obstacles to raising mathematics 

literacy (Holton et al., 2001). The following quote is one such example; students  

think and believe that mathematics is for a select few. . . .mathematics faculty in NTCs 

[National Teachers Colleges in Uganda] invariably echoed the negative attitude and poor 

mathematics background by students as being the major setback to their mathematics 

attainment. (Ekol, 2008, p. 2)  

This view limits our approach and ability to address the real issue, which is acknowledging that 

most students can learn mathematics if they see it as relevant, important, and necessary for their 

life and their community. Integrated multicultural instructional design provides a means for 

achieving this goal. 

Integrated Multicultural Instructional Design  

 The IMID model is founded on a broad base of theoretical perspectives too numerous to 

detail within the context of this book chapter. Central to the model is constructivist theory, 

stemming from Dewey’s (1936) belief in the critical role of experience as related to learning, and 

Vygotsky’s (1978) view of learning as a social process. From Freire (1970) we learned that 

learning and cultural identity are inextricably intertwined, and the education can act as a means 

of oppression as well as a tool for liberation. More recent contributions come from theorists in 

multicultural education (Banks, 2008) and social justice education (Adams, Bell, & Griffin, 

2007), with an emphasis on culturally responsive teaching (Gay, 2000). The IMID model is an 

outgrowth of previous work in multicultural awareness (Miksch et al., 2003) and universal 

instructional design (Silver, Bourke, & Strehorn, 1998; Higbee & Goff, 2008). Hackman (2008) 

proposed that UID alone is not enough, but holds significant promise when implemented in 
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conjunction with critical multicultural education and social justice education approaches that 

recognize the importance of embedding cultural perspectives in learning. The development of the 

IMID model is a first step in operationalising this integration of theoretical perspectives. 

Integrated multicultural instructional design focuses on ensuring that institutions and the 

individuals affiliated with them make multiculturalism a way of life rather than an afterthought 

or an “add on.” A pyramid is the visual representation for the IMID model. The foundation of the 

pyramid is a community of postsecondary learners, scholars, and practitioners who value 

difference and express their commitment to diversity and multiculturalism pragmatically as well 

as theoretically, and who see themselves as part of a global community of engaged learners and 

educators. The students, administrators, faculty, and staff participating in this community create 

open pathways for communication to flow in all directions. Together they work to foster trust 

and mutual respect in order to create classrooms and other learning environments in which all 

students feel welcome and supported. Community members also understand that for true 

transformation to take place, their individual commitment must be matched by structural and 

systemic changes.  

 The four sides of the pyramid represent (a) “how we learn / how we teach”, (b) “what we 

learn / what we teach”, (c) “how we access academic support services / how we support 

learning”, and (d) “how we demonstrate what we have learned / how we assess learning.” For 

purposes of this discussion we will focus on the teacher’s responsibilities within this model; 

however, it is important to recognize the role that students play in contributing to their own 

learning as well, as presented in Figure 1. The following instructional guidelines build on 

previous projects and related research that has explored models for inclusion (Higbee & Goff, 

2008, 2009; Higbee, Schultz, & Goff, in press; Miksch et al., 2003). Figure 1: Integrated 
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Multicultural Instructional Design 

 

Figure 1: Integrated Multicultural Instructional Design 
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et al., 2003): It is important to consider these contexts because they also situate the application of 

mathematical principles. 

 2. Work collaboratively to construct knowledge: Through such approaches as inquiry-

based learning, students collaborate among themselves as well as with faculty to create problem-

solving strategies and draw conclusions. 

 3. Understand that learning is a complex process that involves many layers of reflection: 

Metacognitive strategies such as journaling or talking through the problem-solving process aloud 

assist students in understanding their own mathematical thinking. 

 4. Identify what skills must be developed in order to achieve mastery: From a universal 

instructional design perspective, this step is referred to as “determining essential course 

components” (Higbee & Goff, 2008). However, in considering essential components faculty 

sometimes limit their focus to content without considering student outcomes such as the ability 

to apply knowledge to the solution of real-life problems. Because mathematical skills build upon 

one another, it is critical to determine both the prerequisite skills for students entering a course as 

well as the skills students will need to develop in order to be successful in the course and in 

applying course concepts elsewhere.  

 5. Integrate skill development (e.g., critical thinking, problem solving, written and oral 

communication) with the acquisition of content knowledge (Higbee, Lundell, & Arendale, 2005): 

In addition to mathematical skills, faculty can facilitate the development of other life skills.  

 6. Establish and communicate clear expectations in terms of (a) learning objectives, (b) 

engagement in the teaching and learning process, and (c) evaluation measures for teaching and 

learning.  
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 7. Use teaching methods that consider diverse learning styles, abilities, ways of knowing, 

and previous experience and background knowledge. 

 Guidelines for content—what we teach—include:  

 1. Determine what content mastery is essential for each class and for the programme or 

curriculum as a whole. 

 2. Establish class and programme objectives that reflect essential components and do not 

exclude students based on nonessential skills or prior knowledge. 

 3. Meet or exceed professional standards for excellence in content mastery within an 

environment of inclusion. 

 4. Integrate multicultural and global perspectives within course content.  

 5. Relate content to historical trends, current events, and future directions. 

  The focus of the third side of the pyramid—academic support—is developing natural 

supports for learning that enhance access, overcome previous inequities, and provide a scaffold 

for the learning process. Guiding principles for assessment, the fourth side of the pyramid, 

include creating multiple ways for students to demonstrate knowledge, ensuring the absence of 

bias in the assessment of student learning, and using formative as well as summative assessment 

measures. The IMID pyramid reflects Maslow’s (1954) hierarchy of needs in that at its apex is 

self-actualization for all members of the educational community (see Figure 1). The next section 

provides strategies for implementing these guiding principles. 

Implementation of IMID in the Classroom 

When approaching the implementation of integrated multicultural instructional design in 

the classroom, the emphasis should be on total integration. When true integration is achieved it 

will be possible for students to develop identities of inclusion and achieve full participation 
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rather than experiencing marginalization. If the class is viewed as a requirement to be checked 

off, both the instructor and the students will merely be going through the motions of teaching and 

learning. Sometimes going through the motions can spark an interest and common objective; but 

if efforts are made to find a mathematical connection first, then there is more likelihood that 

inquiry into the subject will produce meaningful insights or knowledge.  

Although it is understood that the four sides of the IMID pyramid are interconnected, for 

purposes of this paper the ideas for implementation based on theoretical models and practical 

experiences with college students will be presented separately for each dimension. For greatest 

impact implementation plans should be developed based on course objectives and desired 

learning outcomes, which should in turn dictate course design. Many times students’ first 

impressions of a class begin with the Web page, syllabus, and introductions on the first day. It is 

imperative that those initial experiences do not allow students to elect nonparticipation but rather 

give a consistent message of inviting the whole person and recognizing the value of each 

individual’s unique social identity, lived experiences, and ways of knowing as contributions to 

the learning process. Creating opportunities for students to bond with one another is likewise 

time well spent. If inclusion is the goal, then attendance is not just a matter of absorbing 

mathematical literacy information, but a time to integrate one’s worldview with the lens of how 

mathematics enhances the story of life or how life can be enhanced by the mathematical story, 

then the stage is set for inclusion. We cannot hope that these events happen; they must be 

explicitly incorporated into the class and made visible to the student. Creating a line in a syllabus 

or course document that invites diversity into the classroom is incomplete without clear actions 

in the classroom that make this goal visible and tangible. For example, before beginning a 

literacy topic on the use of numbers, the instructor can ask students to share with one another an 
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experience they have had using data to support a personal decision. By exploring these 

situations, students will see how they have used data in their personal lives and the mathematical 

ideas uncovered can be used to begin the process of exploring academic mathematical language 

and concepts concerning data. Concepts based on the numbers can then be explored from the 

perspective of a context that relates to their personal experiences and acknowledges that the 

student has integral voice and authorship knowledge to contribute to the class.  

How We Teach 

Trends in international testing and global education indicate movement toward 

incorporating social constructivism within the maths curriculum, with more emphasis on group 

projects, project-based activities, small-group learning, and investigative approaches, and less 

emphasis on large lectures, complicated manipulations, and a linear approach to mathematical 

topics (Hillel, 2001; Reid & Petocz, 2007; Rodriguez & Kitchen, 2005). International tests such 

as PISA and Trends in International Mathematics and Science Study (TIMSS) have not only 

assessed mathematical content and mathematical thinking, but they have also collected 

information about students’ attitudes regarding mathematics and their perceptions of the way 

mathematics is taught. Mathematics achievement appears to co-vary with attitudes, beliefs, and 

methods of instruction (Duranczyk & Opitz, 2005; Mullis, Martin, & Foy, 2008; OECD, 2006). 

Positive beliefs and attitudes about mathematics, high self-esteem, and an inquiry approach to 

learning have correlated with high performance on international achievement tests (OECD, 

2004). At university level attention to attitudes and beliefs is often missing (Alsina, 2001). This 

is a key component for engaging students who are not mathematics majors, who are required to 

achieve a level of mathematical literacy for graduation. This is hard work for faculty and an area 

where additional training and sensitivities need to be developed. 
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There is no one right way of teaching in a diverse classroom. Applying sociocultural 

learning theory (Atweh, Forgasz, & Nebres, 2001; Duranczyk et al., 2004; Duranczyk & Lee, 

2007; Moses & Cobb, 2001) enables faculty members to teach maths content modeling the 

process of knowledge-making, a method used by mathematicians and scientists. This student-

centered approach begins with student understanding of the problem situation or event and 

advances from students’ language and theories to intersections with formal mathematical 

language and presentations and ends with reflections on other possible applications or axiomatic 

knowledge. In the process of using a student-centered model the instructor establishes a learning 

environment that fosters trust and mutual respect in which all students feel welcome and 

supported. This work incorporates the goals of the international mathematics community and the 

goals of IMID. For example, a problem is posed. It could be as simple as “My cell phone 

contract is up. What would be the best service for me?” Or a more complex problem is posed, 

“There are residents in the city going hungry. There are empty lots available in the city for urban 

gardening. Would use of these lots eliminate hunger in the city?” In both cases students would 

need to problematize: (a) state what do I know; (b) decide what data/ information need to be 

collected to make this decision; (c) determine what assumptions are relevant to the situation; (d) 

examine the given the variables and how a model decision making process could be constructed; 

(e) if solving the problem, collect the data necessary; and (f) summarize conclusions.  

What We Teach 

In mathematics circles, the debate about what we teach continues. Are the essential 

components of a mathematics literacy programme discrete mathematics topics, algebra or 

calculus topics, statistics, logic, or is the essential component critical thinking with any one or 

combination of maths topics? What are we really teaching? Is it skills or algorithms, thinking or 
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memorizing, literacy or a field of mathematics? What are students really learning? Is it how to 

pass a requisite class, how to meet the requirements for class completion, or how to see the 

beauty and relevance of mathematics for enhancing the quality of life and justice? One area of 

concern is that more attention needs to be paid explicitly to the contributions of all cultures to the 

field of mathematics and the impact of mathematics on framing social, economic, educational, 

historical, religious, family, and political positions (Curriculum Development Council & the 

Hong Kong Examinations and Assessment Authority, 2007; Duranczyk & Lee, 2007; Freire, 

1973; Gutstein & Peterson, 2005; Moses & Cobb, 2001).  

National and international standards have been developed in an attempt to create a 

seamless narrative of affective and cognitive goals for mathematics literacy. The following goals 

for Hong Kong provide an example of this alignment of standards:  

(a) develop interest in learning mathematics; (b) show keenness to participate in 
mathematical activities; (c) develop sensitivity towards the importance of 
mathematics in daily life; (d) show confidence in applying mathematical 
knowledge in daily life, by clarifying one’s argument and challenging others’ 
statements; (e) share ideas and experience and work cooperatively with others in 
accomplishing mathematical tasks/activities and solving mathematical problems; 
(f) understand and take up responsibilities; (g) be open-minded, willing to listen 
to others in the discussion of mathematical problems, respect others’ opinions, 
and value and appreciate others’ contributions; (h) think independently in 
solving mathematical problems; (i) be persistent in solving mathematical 
problems; and (j) appreciate the precise, aesthetic and cultural aspects of 
mathematics and the role of mathematics in human affairs. (Curriculum 
Development Council and the Hong Kong Examinations and Assessment 
Authority, 2007)  

  

What content can lead us to achieve these goals for all students at the university level? 

Mathematics classes for the non-major can focus on interesting discrete mathematics topics such 

as: (a) voting and apportionment, (b) logic, (c) statistics, (d) probability and chance, (e) 

numeration and mathematical systems, and (f) the art of problem solving. Each of these topics 
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lend themselves to contemporary and important global issues—chances to explore the numbers 

behind food, agriculture, banking, the environment, natural resources, equity, nation building, 

war, poverty, greed, and so on. Understanding the numbers behind the scene of our world 

problems and successes can model problem solving and integrated mathematical thinking and 

skills. Students can use their cultural capital while interfacing with academic mathematics. 

Through the mathematical analysis of contemporary problems, multicultural perspectives can be 

integrated into all aspects of the delivery of mathematics. In 1977 Freudenthal developed 

Realistic Mathematics, an approach for teaching mathematics in context that is used not only in 

the Netherlands but around the world and in applications with adults at the tertiary level (van der 

Kooij, 2001). Students are presented with meaningful, open-ended problems related and relevant 

to their experiences and these form the key resources for learning. The mathematics of the day 

arises by the process of mathematization. Academic mathematical tools and understanding are 

derived from the context-linked solutions generated by the students. Analysis of student models 

leads to higher levels of mathematical thinking. 

If we consider seriously the essential components of a mathematical thinking class or a 

one-time maths class for non-majors, it may be approached similarly to an introductory science 

course, with a focus on questions such as, “What is the work of mathematizing?” “How can 

mathematics inform our life view?” “How can our life view inform mathematics?” “How can we 

increase the likelihood that students will achieve ‘sense making’ in the learning of mathematics 

that will enable them to participate actively in ‘doing mathematics’?” (Holton et al., 2001; 

Rodriquez & Kitchen, 2005). It is not difficult to imagine multicultural content embedded in how 

we address these questions. 
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How We Support Learning 

 How we support learning is a facet of IMID that generally is not addressed in 

sociocultural learning theory or within the standards for mathematics, but is an area that has 

usually been addressed in equity-based initiatives. Sanford (1966, 1968) introduced the notion 

that good teaching involves achieving a delicate balance between challenge and support. 

Mathematical content is challenging enough, and many postsecondary students are coping with 

previous negative learning experiences in compulsory maths classes. It is the responsibility of the 

instructor to provide and suggest supports to facilitate learning and assist students in overcoming 

negative attitudes about maths. In addition, other institutional resources, such as campus learning 

centres, can provide supplemental supports. 

 Higbee and Thomas (1998, 1999; Thomas & Higbee, 1996, 2000, 2001) collaborated 

over a period of years to explore barriers to learning maths and create supports to overcome 

those barriers in a series of developmental education algebra classes that was required for 

students who did not attain sufficient placement test scores to begin the university-level maths 

sequence. Some of the successful classroom strategies were (a) assessing student learning styles 

at the beginning of the term and exploring how students could use different learning strategies 

depending upon their preferred ways of knowing; (b) creating problem sets that reflected real-life 

uses for mathematics; (c) introducing culturally-relevant daily brain teasers that opened students’ 

minds to the notion that doing maths can be fun; (d) providing a wide variety of manipulatives 

for students who learn best through experimentation or physical movement; (e) encouraging 

students to work collaboratively, but not requiring this of students who learned best working 

alone—particularly adult learners who wanted to learn at their own pace in their own way; (f) 

broadcasting daily telecasts of class sessions on public access television, which could then be 
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recorded for later review; (g) providing extensive feedback on homework assignments; (h) 

presenting research results that established a significant relationship between attendance in class 

and final class grade; (i) discussing how mathematics is used in professions related to the 

students’ academic majors; and (j) introducing relaxation exercises and test-taking strategies 

specific to maths tests. Students learned that there was not necessarily “one correct way” to solve 

complex mathematical problems and that sometimes intuition—or thinking about what makes 

sense—can be helpful in the problem-solving process. Meanwhile, the institution’s learning 

centre also provided individual and small-group tutoring specific to the course and computer-

generated, self-scoring practice tests, as well as test anxiety counseling specific to maths tests. 

Thomas and Higbee (1996) discovered that these strategies enabled students not only to be 

successful in the institution’s lowest-level college algebra class, but also to outperform students 

with much stronger secondary school academic records in subsequent university-level maths 

course work.  

How We Assess Learning 

Up to the tertiary level international guidelines for assessment of learning mathematics 

are fairly well defined and in alignment with “what we teach”—the core skills and concepts, 

connections between these core skills and concepts, and finally application of these core skills 

and concepts that extends knowledge and understanding (OECD, 2004, 2006). At the higher 

education level assessment practices vary considerably (Huston, 2001). Too often examinations 

are “high stakes” situations where one false step can have a devastating impact on a student’s 

grade or future opportunities. In keeping with the IMID model, assessment practices that 

encourage deep learning for all, create opportunities for students to achieve and demonstrate 

their learning in multiple ways, acknowledge that the unique timing of student learning may not 
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correspond with the syllabus, and use assessment tools not to judge or rank students but to create 

awareness of students’ strengths and areas for improvement ideally would be integrated into 

every class session. Assessment tools and techniques that model what one values as a teacher and 

learner will transform practice. The following sections discuss some transformative practices that 

have been used in higher education that promise to create a more level playing field for all 

students. 

Group activities and projects 

Group activities and projects more realistically model how mathematical skills are used 

in the real world and thereby are a natural way to assess mathematics literacy. Designing these 

activities and projects based on students’ experiences and interests will create opportunities for 

students to explore culturally-sensitive topics and issues and maximize student engagement. 

Duranczyk and Lee (2007) Found that whether using mathematical reasoning skills at a Habitat 

for Humanity building site, to revisit our understanding of a natural disaster such as Hurricane 

Katrina in 2002, or for identifying a site for new public housing, students in small groups grew in 

mathematical reasoning and skills while grappling with real issues. The Duranczyk and Lee 

study showed gains for all students.  

Tests as first drafts 

Maths tests or assessments can be viewed as first drafts, a strategy commonly used in 

composition and writing disciplines (Duranczyk & Lee, 2007). In real world situations there are 

very few timed assessments of knowledge and skills. Tests as single, timed opportunities for 

demonstrating knowledge and skills limit what the instructor measures and disadvantage some 

students. Huston (2001) stated, 

Learning mathematics for the principal purpose of passing examinations often leads to 
surface learning, to memory learning alone, to learning that can only see small parts and 
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not the whole of a subject, to learning wherein many of the skills and much of the 
knowledge required to be a working mathematician are overlooked. . . . And it seems a 
pity to leave out the possibilities for deep learning of the subject, that is, learning which is 
consolidated, learning which will be retained because it connects with previous learning, 
learning which develops curiosity and a thirst for more, learning which is demonstrably 
useful in working life. (p. 408) 

 

Using a test as a first draft with second draft possibilities through in-class work, at home 

revisions, and conference sessions to explore interactively the concepts and skills are all ways to 

extend students’ opportunities to demonstrate skill and knowledge development. These 

opportunities also extend the possibility for deep learning of mathematics literacy skills.  

Scaffolding activities and projects 

Most work that is done in the real world is done in stages with feedback, modifications, 

and then working towards a final project, a step-by-step process known as scaffolding. Students 

who might feel overwhelmed by larger assignments learn to break these assignments down into 

smaller, more manageable increments. Through scaffolding major activities and projects, 

students are afforded multiple opportunities to receive feedback, make corrections, and proceed 

with confidence toward a final outcome. Grading of such work can also be done incrementally so 

as not to add to anxiety and frustration along the way.  

Real world applications and activities 

The use of service learning and projects based on real-world problems and issues can 

advance the integration of IMID in mathematics. Doing mathematics that matters can add to 

student engagement, particularly for student populations that struggle to see the value of 

mathematics in their lives. Many opportunities can be created to interface with community 

projects (Duranczyk & Lee, 2007) that will allow students to apply particular mathematical skills 

and knowledge to real-world applications. When exploring statistics, creating community 
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surveys and collecting real data on real interests can add to the value of the experience and 

deepen students’ appreciation for mathematical concepts.   

End of semester student showcase and portfolios 

Finally, a summative evaluation of the semester’s progress is another way to evaluate 

students’ accomplishment in a holistic manner. Presentation showcases and student portfolios 

allow all students to reflect on their learning and accomplishments while packaging them 

developmentally for the instructor’s review.  

One important factor when implementing IMID is to create an assessment plan that 

matters and that models faculty and student values and commitments to multicultural learning 

and teaching. If interaction among and between faculty and students is demonstrably valued, 

then planning and arranging individual and small group conferences and presentations that are 

part of the assessment and grading process demonstrates that value. Grading office visits 

equivalent to a “quiz” if they are office visits with a particular agenda (returning of tests, major 

papers, major group projects) also demonstrates that value. 

Lastly, there is the opportunity in a service course or a course for nonmaths majors to 

allow students to develop some of their own course goals and how they would prefer to be 

evaluated. It is important to be clear on which goals are negotiable and which are not. 

Assessment procedures can and would benefit from being a process of negotiation, particularly 

when our goal is increasing mathematics literacy for all students. 

Next Steps 

 Although much progress has been made in the compulsory years for integrating access 

and equity for all in the maths classroom and parallel strides have been made in the preparation 

of compulsory-education-level teachers, these benefits have not been afforded to higher 



Journal of Mathematics & Culture 
ICEM 4 Focus Issue 
ISSN-1558-5336 

171 

education mathematics curricula and classrooms (Solomon, 2009). Considering the four 

dimensions to access and equity: how we teach, what we teach, how we support learning, and we 

assess learning within maths, maths-based or maths literacy curricula and classrooms is our task 

for further research and wider implementation. The following practices will move us in the 

direction of greater world mathematics literacy.  

1. Create a community of scholars across the globe to share ideas and resources, and do 

classroom-based research related to mathematics literacy for students not majoring in 

mathematics.  

2. Advocate for and create opportunities for encouraging and rewarding mathematics 

professionals who specialize in working with mathematical thinking courses at the 

tertiary and university levels. 

 3. Review and replicate research conducted at the tertiary level.  

4. Explore both cognitive and affective factors that impact success in maths literacy 

courses at the college level. 

5. Create opportunities for interaction among the ethnomathematics, UID, and 

multicultural mathematics communities of scholars and those who specialize in 

mathematics literacy at the undergraduate level. 

 Undergraduate mathematics literacy curricula are not adequately studied or valued in our 

world community. We hope this exploration of the implementation of integrated multicultural 

instructional design in mathematics literacy endeavors will prompt further discussion and 

research to advance mathematics education at the postsecondary level to ensure access and 

success for students who have been marginalized in the past. Mathematics literacy is a 

worldwide imperative if we are to maximize productivity and promote social justice. 
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