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ABSTRACT

Piaget’s theory and ideas open the doors for the education community in general, mathematics educators in particular, to understand individual cognition and explore the ways of investigating it.  This has helped us to develop our understanding of how individuals might think.  More recent research suggests that individual cognitive development can continue throughout adulthood, expanding on Piaget’s theory and ideas.  Scholars who investigate this development describe a form of thinking that goes beyond formal operations as postformal thinking.  In this discussion paper, we use three constructs from postformal thinking frameworks to describe what postformal thinking is and what its implications might be if it is applied in mathematics education.
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1 Introduction

In this discussion paper, we describe ways in which the concept of formal operational thinking from Piagetian theory has continued to be influential in the mathematics education community, although research attention has shifted away from Piaget’s conception of individual cognition to newer ones focusing on sociocultural approaches.  While criticisms of Piaget’s theory of development are addressed within other learning theories, scholars in communities related to developmental psychology have worked to refine and extend Piaget’s ideas and constructs, especially with respect to developments in cognition that may take place in adulthood, after formal operations.  In particular, with these advances scholars argue that there are advanced forms of thinking, often called postformal thinking, that are available to adults.  Studies indicate that postformal thinking may have advantages over formal thinking in many ways, including improved ability to analyze and solve complex problems, more potential for creativity, and a greater appreciation and understanding of values such as ethics, affect and empathy.  Lack of understanding of these higher forms of thinking could lead to missed opportunities in various aspects of educational work that involve adult thought, including research and teaching, especially within the mathematics education community.
After describing some forms of postformal thinking (thought) arising from reactions to, and efforts to expand, Piaget’s stages of development, we share three ways in which the understanding and valuing of postformal cognition could be an asset to mathematics education.  Although we believe that fully admitting and committing to postformal methods in teaching and research would require a qualitative shift in our community’s work in many ways and on multiple levels, we describe three areas in which some implications of postformal thinking that seem immediate.  First, we suggest that if advanced cognition (beyond formal operations) were to be accepted as the goal of education, all learners would benefit – but especially the ones in postsecondary level as well as young scholars, who must learn to think beyond formal operations in order to think creatively and generate knowledge.  Second, we note that because postformal cognition is often accompanied by increased valuing of relationships, emotions, intuition and ethics, admitting this form of cognition as an ideal could result in deep changes in the culture of higher education, including the structure and culture of departments, and communications among scholars within and cross-disciplines.  Finally, we discuss how our research activities might also change using this kind of reasoning, moving from the reductionism of formal scientific analysis to a more holistic, integrated model which is better suited to describe complex situations, and to solve ill-defined, open-ended problems that we commonly face in education.

2 What is Postformal Thinking?

In this section, we first describe relativistic thinking, dialectical thinking and metasystematic thinking, which are conceptions of postformal thinking arising in various theories, as examples of expanding Piaget’s theory of development.  We then discuss common ideas among these conceptions and constructs, highlighting the interconnectedness among them.  We end this section with a brief discussion on some concerns raised about postformal thinking.

2.1 Relativistic, Dialectical, Metasystematic Thinking

Piaget hypothesized four stages of cognitive development: sensorimotor, preoperational, concrete operational and formal operational, each developing in roughly similar ways in all children, and arising at roughly the same ages.  He considered the final stage, formal operations, to characterize adult thought, and with this the goal of education from a Piagetian perspective can be viewed as to produce formal thinkers – that is, thinkers who can reason well, with logical consistency, within a formal system (Kallio, 2011).  Piaget’s placement of formal thinking at the pinnacle of human achievement in cognition does not seem to be a result of pure observation and analysis.  As Kincheloe and Steinberg (1993) note, Piaget constructed his stages around a preconceived notion of the primacy of logic and rationality over emotion and intuition, an orientation that these authors call “logocentrism” (p. 298).  This may have been in part an artifact of Piaget’s scientific training and the Victorian era in which he was raised, which elevated Western, androcentric forms of knowing over more intuitive or subjective forms, characteristic of women and other cultures (Kincheloe & Steinberg, 1993, p. 313).  In retrospect, the claim that formal operational thinking is either the most important kind of thought or characteristic of adult thought seems incomplete when we consider common experiences of adults in everyday life.  Indeed, Savina (2000) notes that “Only under the most exceptional conditions of logical argument and scholastic dispute is it conceivable that a person would engage in this form of thinking… [Piaget’s] interpretations fail to represent adequately the thought and emotions of mature, creative people” (p. 78).  However, formal thinking remains the dominant mode of thinking in modern times as an ideal (Gidley, 2010), despite a growing understanding that its binary, true-false framing of the world is ill-suited to confront society’s complex problems.
	Confirmations that formal operations are not the end of cognitive development have been widespread, and a number of theoretical frameworks describing adults’ cognitive processes and their continuous growth have been advanced, often loosely grouped and described together as postformal thought.  These frameworks, although diverse in vocabulary, experimental methods and measures, share common, unifying themes.  Most scholars in the field would agree that adult cognition becomes more relativistic, more dialectical (Kramer, 1983), and more metasystematic as thinkers develop after formal operations.  These capacities largely evolve through lived experiences, in particular by struggling to resolve conflicts arising from interactions with people holding different priorities and points of view (Kalbaugh & Kramer, 1995; Lavallée et al., 1990; Sinnott, 1994, 1998).  The result of this growth appears to be that the thinker is then better prepared to cope with complexity, and to solve complex problems, in part because he or she develops the ability to cope with paradox and ambiguity (Kallio, 2011).  
	Growth in relativism is sometimes argued to be the first observable change in adult thinking after formal operations (Perry, 1970; Kahlbaugh & Kramer, 1995).  Relativistic thinkers are able to understand that truth as perceived by one person may not be true for others, and that there are multiple, coexisting worldviews; in order to solve a problem involving these perspectives, they must make an (often subjective) choice between competing options (Sinnott, 1994, 1998).  In discussing a study that measured relativistic thinking in adolescents, Sebby and Papini (1994) give a sense of how this awareness affects reasoning, noting that “adolescent subjects performed at a lower reasoning level (than adults)… they gave solutions that were logical but exhibited little or no self-awareness of pragmatic or personal constraints” (p. 390).  Formal thinkers expect each problem to have a single optimal answer, which holds in every similar situation (Wu & Chiou, 2008).  Sebby and Papini (1994) suggest that this is in part because adolescents do not easily integrate some relevant (especially emotionally relevant) information when confronted with a complex logical task, such as probable differing perspectives of characters in a given scenario.  In contrast, Sinnott et al. (2016) note, “when individuals can produce multiple answers to a single problem, they demonstrate the higher thinking that can be related to postformal thought” (p. 71).  Relativism allows thinkers to imagine a variety of frames of reference, and appears to be an early step in understanding and integrating real-world complexity into adults’ reasoning.
	Another concept related to postformal thought is dialectical thinking, which has evolved from earlier philosophical, especially Marxist, conceptions (Basseches, 2005; Kallio, 2011; Savina, 2000).  It describes a form of postformal thinking in which the thinker has an awareness that the world is in a constant state of change: “what might otherwise be viewed as fundamental elements of existence are instead viewed as temporary forms that existence takes; what might otherwise be viewed as interactions of fundamental elements are instead viewed as fundamental processes of change through which these forms of existence emerge” (Yan & Arlin, 1995, p. 226, paraphrasing Basseches).  This awareness impacts the thinker’s entire understanding of truth, as the person is aware that his or her own thoughts, as well as the problem being considered, are in a process of evolution (Basseches, 1989).  Among the impacts of this viewpoint are an embracing of change and of contradiction; both are seen as natural constituents of the world, with the awareness of contradiction in particular acting as a signal that current understanding is inadequate to describe and resolve the phenomenon being observed.  Thus contradiction has an important role, acting as spur to intellectual development (Kallio, 2011; Wu & Chiou, 2008).  Once a contradiction is recognized, the thinker must respond by enlarging the theoretical system she or he is working under in order to resolve it (Savina, 2000).  Thus, whereas a formal thinker expects a logical system to be consistent and fixed, a dialectical thinker expects it to contain contradictions, and for the system itself to be revised or replaced as these contradictions are discovered.  Dialectical thinking requires embracing uncertainty and ambiguity (Wu & Chiou 2008), and as a tool, it contributes to a willingness as well as an ability to find inadequacies in current systems of understanding. In mathematics education this may be recognizing discrepancies within a given theory and its constructs, for example within a constructivist frame of mind such as observing that learning could take place through discourse and communication.  According to some frameworks, dialectical thinking develops after relativistic thinking, nearer middle age (Basseches, 2005; Kalbaugh & Kramer, 1995; Sinnott, 1998).  
	Finally, although formal operational thinkers assume one logical system has validity in each situation and every problem can be resolved within that system (Sinnott, 1998), postformal reasoning involves thinking metasystematically, meaning that the thinker is able to embrace relationships between multiple systems of logic or thought (Commons, et al., 1982; Commons & Ross, 2008), and then can “compare, contrast, transform and synthesize” (Commons & Ross, 2008, p. 325) these systems into larger systems.  Thus, a metasystematic thinker can find common threads in two or more theories and combine them into a new structure, which may serve to explain an observation in a new way or encompass qualities of several systems into one.  Doing this requires finding commonalities in ideas that may be expressed in disparate ways, and violating convention in order to express relationships between objects or ideas that are regarded as incomparable.  A metasystematic thinker, confronted with a problem of opposing viewpoints, for example, might think of the different norms guiding behavior (social, professional, legally acceptable, personally responsible, etc.) that might apply and draw upon all of them in order to frame a solution, whereas a formal thinker is likely to insist that only one applies.  Metasystematic thinking allows us to reach beyond the bounds of any single theory to consider possible explanations for problems or relationships between variables, and then combine or change those systems to craft new meanings.

2.2 Commonalities among Postformal Thinking Conceptions and Constructs

The aforementioned constructs are not discrete. Yan and Arlin (1995), for instance, found that relativistic thinking may be a common foundation for four postformal thinking models: Basseches’ dialectical reasoning, Arlin’s problem-finding (1974), Sinnott’s relativistic operations (1989) and Kitchener and King’s reflective judgment (1981).  However, this is not the only possible interconnection among these constructs.  For example, a relativistic thinker may be reasoning dialectically by seeing a conflict between persons as a unique manifestation of events and points of view, and metasystematically in seeing the multiple points of view as overlapping systems, from which a proposed solution can be conceived.  A metasystematic thinker when selecting solutions from coexisting logical systems may use relativism, or  use dialectical acceptance of change and contradiction to highlight characteristics of the system or metasystem within which he or she is currently reasoning, and to imagine ways in which systems can be manipulated.  Neither the examples demonstrating possible interrelatedness of these constructs, nor the list of forms of and constructs related to postformal thinking suggested above are exhaustive.  
A number of theories has been offered suggesting higher levels of thinking beyond the ones we have discussed (e.g., Commons, Richards & Kuhn, 1982; Sinnott, 1998).  However, each of these conceptions highlights an aspect of higher level reasoning which is beyond the scope of formal reasoning as Piaget conceived it, and hence shows that cognitive growth continues after formal operations, and its development includes constructs that were not necessarily part of Piagetian theory.  They also support a claim made earlier of commonality in postformal reasoning models, which is the assertion that these forms of cognition arise through the thinker’s attempts to cope with complexity.  They are, therefore, specialized tools which can be used to analyze and resolve problems of increasing complexity (Cartwright, 2001; Gidley, 2010; Sinnott, 1998).  Specifically in a rejoinder to Sardar’s (2010) discussion of ‘postnormal times,’ in which he notes at length the anxieties provoked by living in an era that is as complicated and as fast-changing as ours, Gidley (2010) asserts that this very complexity spurs the development of postformal thinking, which is also the key to solving the problems that we are facing.  Through postformal thinking, but only postformal thinking, it is possible to manage the increasing complexity arising globally (in all areas, including education) and make decisions that benefit us all (Commons & Ross, 2008
A second common thread underlying postformal thinking that can be observed in these constructs and examples is the movement away from purely objective forms of thinking (Cartwright et al., 2009; Sternberg, 2005).  In postformal stages, reasoning moves from purely analytical methods to a form that incorporates both analytic and personal components, such as epistemologies, worldviews and ethics.  When there is an understanding that multiple systems representing equal truths exist, and a choice must be made between them, that choice cannot be made algorithmically.  Labouvie-Vief (1992) points out that postformal theories “suggest that individuals progress from subjective to objective modes of thought as suggested in Piaget’s original program and then transcend formal reasoning by integrating the subjective and objective forms of reasoning in adulthood” (p. 214).  It is this thoughtful blend of objective and subjective understanding that may be seen as suspect in academic discourse, and yet which characterizes higher forms of thinking – a contradiction highlighting possible limitations of our current system.
Finally, broad overlaps exist between scholars of postformal thinking and those studying wisdom (Gidley, 2010; Sinnott, 1998; Kallio, 2011; Kramer, 1989; Sternberg, 2005; Lomranz and Benyamini, 2016).  Although the field of wisdom is just as varied in terms of theories, approaches and measures as that of postformal thought (Sternberg, 2005), one common definition of wisdom as “an expert knowledge system about how one can interpret and deal with difficult life problems” (Kunzemann & Baltes, 2003, p. 1106) evokes the application of postformal thinking to one’s personal, spiritual and interpersonal life.  Therefore, although the descriptions of relativism, dialecticism and metasystematic thinking presented above are framed as purely cognitive capacities, it is also true that in the decades since these theories have been advanced, multiple studies have shown correlations between postformal forms of thinking and various understandings or qualities that are often understood as aspects of personality, worldview or wisdom.  For example, Lovell (1999) shows that relativism can be a predictor of empathy in counseling masters’ students, and Perry (1970), Day (2010) and Lavallée et al. (1990) link postformal thinking to ethical development, while other researchers (Cartwright, 2001; Gidley, 2007; Sinnott, 1994) draw connections to mature forms of spirituality.  For these reasons it is important to understand that changes resulting from increased use of postformal thinking in education could very possibly include changes in values, and include a greater appreciation of some of the common constituents of wisdom: compassion, thoughtfulness, a reverence for life, and a commitment to working for the common good (Griffin, et al., 2009; Stevens-Long, 2012).
	Some concerns have been raised about the framing of models of postformal thought.  For instance, Kallio (2011) suggests that various postformal thinking frameworks and their constructs should be grouped together under the conception of “integrative thinking” (p.791).  However, for the most part, most concerns have centered on the question of whether a postformal stage can be justified based on Piaget’s model and standards for a stage as defined by Piaget (Kramer, 1983; Marchand, 2002).  In particular, Marchand (2002) expresses concern that theorists have not sufficiently considered the possibility that postformal thinking arises as a more advanced, later form of formal operations, and she feels that more evidence is needed to support the contention that postformal thinking is qualitatively different from formal operations.  However, it is not the purpose of this paper to argue whether postformal thought is a separate stage or not; rather we argue for the functionality of such a conception.  The scholars cited have convincingly shown that adult thought does develop beyond the kinds of logical analysis that are most often associated with formal operations, and those forms of thought (however they are ultimately categorized) are important resources that should be admitted in mathematics education scholarship.

3 Implications for Mathematics Education

In this section, we provide three possible influences that postformal thinking could have on education and mathematics education. 

3.1 Teaching formal operational reasoning should not be the ultimate goal in higher education

It is widely conjectured that a significant proportion of adults never fully develop the capacity for formal operations.  For example, Commons & Ross (2008) estimate that about 30% to 40% of adults in developed countries use formal thinking regularly as their highest level of cognition, and only 20% of adults regularly function at a postformal level.  This leaves almost half of adults conjectured as unable to make logical conclusions within a coherent system.  Recent curricula and standards (e.g., reform movements in calculus (Schoenfeld, 1997), Common Core State Standards, 2011) emphasize drawing logical conclusions, developing reasoning skills, making sense of problems and so forth as attempts to address exactly that need.  But, the prevailing view in education that once students in secondary and early postsecondary level achieve formal operations they are fully equipped for adult life may no longer be true (Gidley, 2010) or enough.  According to Kalbaugh and Kramer (1995) and Wu and Chiou (2008) among others, relativistic thinking begins to emerge in middle to late adolescence, at least in a part of the population.  This suggests that even in secondary school students should be developing postformal capacities along with formal operational ones, and instruction should be aimed to cultivate both.  
In postsecondary education, however, the need for students to explore postformal understandings is redoubled.  An important aspect of postformal thinking is that at this stage students can begin to create their own knowledge and understandings (Kincheloe & Steinberg, 1993), and this should be the emphasis in colleges and universities.  Indeed, multiple studies have correlated postformal thinking with creativity (Blouin & McKelvie, 2012; Wu & Chiou, 2008), and in particular it is claimed that the kind of creativity needed to innovate in any academic discipline arises from postformal thinking (Wu & Chiou, 2008; Commons & Ross, 2008).  Savina (2000), in arguing for a curriculum centered around dialectical thinking, emphasizes that creativity in science does not come from the analytic methods of formal operations, but rather formal methods are an end stage in creativity that occur only after intuition has provided new insights.  Emphasizing the dialectical nature of the creation process, she notes, “creative scientific activities are dominated by playful manipulations of contradictions” (p. 84).  Byers (2010) also highlights these aspects within mathematical thinking, stating that mathematical thought and its products exist “in a complex system that on one hand is an intricate structure and on the other is flexible and capable of dynamic change.  In one dimension there is the order and permanence of the formal, deductive system.  The other dimension is open to ambiguity and contradiction, open to insight and creativity, open to change” (p.386).  Thus, the training of people capable of “genuine cognition” (Savina, 2000) able to create, transform and deepen knowledge, must be postformal and must involve complex problems, such as resolving “right” but opposing points of view, confronting contradiction, and attempting to integrate discrete systems into a coherent whole.  Because research also suggests that people become capable of this kind of thinking in late adolescence and young adulthood (Chang & Chiou, 2014; Kalbaugh & Kramer, 1995; Perry, 1970; Sebby & Papini, 1994; Yan & Arlin, 1995), but that they will not develop postformally without confronting the difficult situations and cognitive struggles that postformal cognition eventually resolves (Chang & Chiou, 2014; Gidley, 2010), we should be offering these situations and ideas even before students appear able to handle them.  Our ability to foster excellent thinkers will be enhanced by understanding that in the end the bar is higher than we have imagined it to be.

3.2 The educational environment: Relationships, affect, imagination, empathy, and spirituality

Formal, analytic thinking is understood to be separate from emotion and value-neutral (citations), but postformal thinking embraces personal relationships, ethics, affect, and even spirituality (Griffin, et al., 2009; Sinnott, 1994, 1998; Sternberg, 2005) as well as imagination and play (Gidley, 2010).  Any education setting that considers development of postformal thinking needs to include these aspects.  Indeed, postformal education would honor personal development and the growth of wisdom alongside the attainment of expertise and higher cognitive abilities.  In other words, intellectual growth of a person is not separable from other aspects of growth under postformal conceptions.  Postformal conceptions view growth more holistically and as integrated with all other life experiences.  In fact, research has begun to show that affect is inextricably linked with intellectual endeavors (as cited in Stevens-Long, et al., 2012).  Thus, for example, in discussing a doctoral program that was designed around the postformal concept of “transformational learning,” Stevens-Long et al. (2012) conclude that “for many respondents, a rational process of cognitive transformation was accompanied by a process of personal growth and behavioral integration” (p. 189).  These should not be viewed as secondary effects, but as goals of education parallel to, and equal in value to, developing disciplinary competence.   
	Embracing the outlined aspects and implications of postformal thinking could also help restructure the culture of higher education as well as programs and departments.  Awareness of the integration of values and higher cognition, and a holistic view of growth, may lead us to emphasize personal traits, personal development and empathy to provide work environments that are more welcoming to all.  In particular, such environments would push individuals to develop all aspects of their thinking, and to be productive and well balanced in their personal and work life.  Additionally, it may be very possible that such awareness of the integration would help us to address gender equity issues in higher education. 

3.3 Research with concern for holism and integration

Formal thinking, and its application within research methodologies and analysis, values reduction of problems into their constituent parts and the creation of theories that are intended to be generalizable.  As Gidley (2007) notes, “in most educational settings, formal-analytical and reductionist-pragmatic, philosophical discourses still hold academic power over more aesthetic, post-formal, postmodern philosophies” (p. 122).  It seems that to some extent the mathematics education community’s drive to become sufficiently scientific (in comparison to ‘natural’ sciences) has meant that scholarship following these values has perhaps been too much at the forefront of effort of scholars in this field.  Stinson and Bullock (2015) argue that “efforts to limit which theoretical perspective, methodology, and/or methods are relevant to mathematics education are harmful to the discipline” (p.15).  There is no doubt that formal thinking and thus formal analysis must be a constituent part of almost all research, but as we embrace postformal thinking there is room for work that emphasizes integration, which takes advantage of the greater capabilities of postformal thinking. 
	The greater abilities of postformal thinking over formal analysis arise in part from postformal reasoning’s ability to cope with increasing levels of complexity (Commons & Ross, 2008; Gidley, 2010; Kallio, 2011).  For instance, one way to understand this is through approaches to ill-defined problems.  In scientific disciplines, the descriptor “ill-defined” may seem to imply that the posed problem includes incorrect framing of concepts.  However, with regard to postformal thinking this term indicates a problem that contains ambiguity or complex structure that are characteristics intrinsic to problem, without regard to how the problem is stated, with the result that the problem has no single or optimal solution (Sinnott, 1994, 1998).  In contrast, a well-defined problem could have at most a few solutions or optimal solutions, and could be addressed using formal operational thinking.  However, an ill-defined problem by its nature cannot be solved by an ordinary logical progression, and has no correct solution when considered objectively.  Yan and Arlin (1995) state that ill-defined problems “require a person to generate different frames of reference, which can then be developed into different ways of organizing and asking questions about the data… [and they] allow a person to question or challenge the assumptions upon which his or her knowledge is based” (p. 226).  Many authors claim that it is beyond the ability of traditional scientific reasoning to cope with ill-defined problems (Basseches, 2005; Kallio, 2011; Sinnott, 1994 & 1998); instead, scientific thinking is a “necessary but not sufficient condition” (Yan & Arlin, 199, p. 226) for resolving this kind of problem.  For example, ill-defined problems could be the ones that teachers experience in their classrooms when they try to teach using prescribed standards but at the same time address social concerns[footnoteRef:1].  [1:  Danny Martin provides examples of such problems in his remarks made at the NCTM Research Conference plenary session (Martin, 2015). ] 

If formal analyses of small portions of the teaching or learning process are a standard research model, then it is understandable that the research community might hesitate to consider extremely important, but difficult to conceptualize, ill-defined problems, or decline to provide guidance about them from an awareness of the limitations of a scientific approach.  However, postformal values encourage us to tackle these difficult problems.  Postformal thought gives the additional tool of thoughtful subjectivity as a way to evaluate options and make decisions.  Indeed, some scholarly examples already exist, such as studies involving critical theory (e.g., Frankstein, 1995; Stinson & Bullock, 2012).  A postformal analysis, similar to critical theory, might include a scientific analysis of a given problem, then add discussion of the multiple viewpoints of stakeholders and participants, a description of contextual factors, and even a variety of ways to conceptualize the problem in the languages of related disciplines, metaphors, or frameworks.  The resolution would be a subjective choice among many options, which was made from an integrated perspective, and would be understood to have the authority of ‘local’ rather than an absolute truth.  As Stinson and Bullock (2015) highlight, “in the end, we believe that the mathematics education research community should embrace chaos as opportunity and as evidence of a vibrant and vital field” (p.15) and we believe implications of postformal thinking in our communities’ work would be empowering.  

4 Conclusion: The need for reflection

It is now known that Piaget’s conception of child development was overly general in many ways.  For example, we know that development occurs gradually rather than in spurts or clear stages, the ages at which new levels are attained are not uniform, and growth relies on both personal and academic experiences (Cartwright, et al., 2009).  Similarly, adult development is highly individual, types of adult reasoning are difficult to categorize, and an individual’s level of thinking varies depending upon the content he or she focuses on (Kincheloe & Steinberg, 1993) in a given context or setting.  In particular, the clarity and insight that we apply to our subject matter may or may not translate to deeper thinking at the same level in our teaching, professional relationships and personal life.  Both age and educational level are correlated to postformal thinking, but both correlations are relatively weak (Lavallée, 1990).  Sternberg (2005), summarizing what is known about adult development from a wisdom perspective, suggests “(factors)… such as social intelligence, openness to experience, and exposure to positive role models are the important variables, and age is, at best, a proxy variable for other things” (p. 18).  Moreover, as difficult as it is to become a postformal thinker, it is equally difficult to continue to develop as one.  There is broad agreement among scholars that it is rare for even the small fraction of adults who become postformal thinkers to advance beyond what Lavallee et al. (1990) call “mid-scale” in postformal cognition (Perry, 1970; Commons & Ross, 2008).  
The most important factors in the development of advanced thought appear to arise from within the thinker him- or herself, in two forms.  The first is the willingness to actively struggle with ideas and events, seeking meaning and focusing on growth (Cartwright, 2001; Cartwright, et al., 2009; Kunzemann & Baltes, 2003; Sinnott, 1998).  As Basseches (2005) said, “it should be recognized that to be a seeker of truth means to try” (p. 60).  Then, after willingness must come action; adult cognitive growth is believed to arise from the process of reflection about life experiences and social interactions.  Spending time engaged in reflection appears to foster development (Kallio, 2011; Kincheloe & Steinberg, 1993; Lavallee et al., 1990).  These requirements may explain why postformal thinking is not more widespread: because approaching the world with this kind of openness requires courage; it means turning away from the assumption that life is ordered and understandable, and that our place in it is secure, in order to embrace uncertainty, change and paradox.  Lavallée et al. (1990) note that this also involves turning away from mainstream authority and the comfort of conformity, saying that “To be able to break with others’ views necessitates more than simple knowledge: it requires maturity, character, and autonomy which can only be achieved with experience, critical reflection and a sense of responsibility” (p. 410).  
	Any disciplinary community acts both as an aggregate of individuals and as a collective consciousness; communities also think, and their thinking develops in ways that may parallel the development of individuals.  As a community in mathematics education, we believe there should be an act of ‘willingness’ for our community to grow, as its individuals reflect and work hard facing difficulties and complex situations.  Attempting to think about implications of postformal thinking in our field is our effort in this direction.  We agree that “postformal thinking facilitates an understanding of how knowledge evolves and helps support the emotional tensions of the creative process, which include holding opposing views simultaneously, sustaining uncertainty, breaking away from established ways of seeing things, and tolerating ambiguity” (Wu & Chiou, 2008, p. 240).
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