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Re-examining the Self-Concept and Mathematics Achievement Relationship using Comparative Studies

Many North American teachers presume that students’ self-concepts are positively associated with academic performances which is often reflected in compliments and praise given to students in an attempt to enhance self-concepts (Pajares & Shunck, 2002). Many teachers often refrain from critiquing students and their performances even if students fail to meet the expected performance requirements fearing that criticism may be detrimental to students’ self-concept and thus, achievement. (See Figure 1).

Figure 1: Humanist Ideas of Self-Concept and One’s Competence to Achieve
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These beliefs and practices of students’ self-concept and achievement share some aspects to both humanist notions about the relationship between individual general self-concept and human behavior (Maslow, 1954; Rogers, 1982) and some contemporary notions of self motivation theory linking individual specific self-concept to performance in a particular academic area (Bandura, 1986; Marsh & Hau, 2003; Shavelson & Marsh, 1986). From the humanist perspective, self-concept is the central aspect of personality (Rogers, 1982) which serves to shape and adjust behavior including academic achievement (Coms & Snygg, 1959). Similarly, contemporary self-concept enhancement model purports that individual subject-specific self-concept is the primary determinant of higher academic achievement in the subject and thus, improving this type of self-concept leads to increased achievement in respective subject areas (Marsh, 1992; Shavelson & Bolus, 1982). In contrast, the skills development theory suggests that subject-specific self-concept ensues as a result of achievement instead of the reverse (Byrne, 1996; Skaalvik & Valas, 1999). Still, the reciprocal theory suggests that an individual’s prior subject-specific self-concept impacts subsequent subject-specific achievement and subsequent subject-specific self-concept is also influenced by previous subject-specific achievement (Marsh & Yeung, 1997) (See Figure 2).
Although varying in defining self-concept dimensions and directional relationship, all these theories imply a somewhat linear causal relationship. However, empirical support for these causal relationships is either weak or conflicting and the assumed positive relationship between general self-concept and students’ academic behavior has not been verified consistently. A meta-analysis (Hansford & Hattie, 1982) of hundreds of studies suggests that while a strong positive relationship between self-concept and achievement was identified in some studies, a negative relationship was also evident in others, especially those using more rigorous research designs. 
Challenging Existing Self-concept Theories Emerging from International Studies

Cross-national comparisons, especially large-scale studies, present a paradox relationship between mathematics self-concept and achievement. That is, these studies showed that mathematics self-concept and achievement appear to be positively related with each other when the relationship is measured with students within a particular country. However, the relationship between mathematics self-concept and achievement tended to be negative when higher performing countries were compared with lower performing countries.
First, studies comparing mathematics self-concept and achievements among students from Mainland China, Taiwan, and US revealed that although Chinese students from both Mainland and Taiwan had much better mathematics performances as measured on curriculum content, their self-concepts or their confidence level in mathematics were lower than their US counterparts. This same phenomenon was also evident in other studies that compared 5th grade students from Taiwan with US norms (Stevenson et al., 1985), 1st and 5th students from Taiwan and US (Stevenson et al., 1990), and 1st, 5th and 11th grade students from Mainland China and US (Stevenson et al., 1993). However, when examining data within China or US, researchers (Uttal et al., 1988) found that students possessing higher academic self-concept tended to show better mathematics performances. 
Figure 2: Shavelson Model of Academic Self-Concept and Achievement
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Second, drawing on series of data from the TIMSS (Beaton et al., 1996; Mullis et al., 1997, 1998), a number of researchers examined the relationship between mathematics academic self-concept and achievement using thousands of students from Hong Kong and US and confirmed the same anomaly found in earlier Chinese and US comparisons. For example, the same paradox has been identified in student comparisons at the 4th (Leung, 2002; Papanastasiou, 2002), 7th , 8th (House, 2003; Shen, 2002; Wang, 2001; Wilkins, 2004), and 12th (Schreiber, 2002) grade levels in Hong Kong and the US. 

Third, the negative association between self-concept and achievement in mathematics has also been identified in multiple countries comparisons. In a study involving 4th and 8th graders from Australia, Canada, Japan, Hong Kong, Korea, New Zealand, Singapore, Thailand, Russia, and United States in TIMSS (Leung, 2002), students from the four top mathematics performing countries (Hong Kong, Korea, Japan, and Singapore) all lacked confidence in doing mathematics as compared with the students from lower and average performing countries. This finding is further supported by a study (Wilkins, 2004) comparing more TIMSS countries. In the recent PISA study (Programme for International Student Assessment, 2004b), three countries or areas (Hong Kong, Japan and Korea) with the highest average mathematics literacy achievement shared some of the lowest self-concepts in mathematics while US students who scored lower than average mathematics performances reported some of the highest self-concepts scores among all the participating countries. 

These cross-national comparative outcomes pose challenges to all three contemporary self-concept theory models. First, it challenges directly the self-concept enhancement model since Asian students who possessed lower self-concept in mathematics actually achieved higher mathematics performance. This is contrary to the theoretical expectation that predict students with lower academic self-concept will yield in lower academic achievement (Shavelson & Bolus, 1982). Second, these comparative research outcomes also challenge the skill development model since students with higher mathematics performance actually possessed lower self-concepts in mathematics. Again, this contrasts with the prediction that higher achieving students in mathematics would lead to higher mathematics self-concepts (Skaalvik & Valas, 1999). The reciprocal theory of self-concept (Marsh & Yeung, 1997) is also called into questioned from the cross-national comparisons results. That is, higher academic self-concept of students in mathematics failed to produce positive connections to their achievements and vice versa. This finding does not support, as the model predicts, that self-concept can be partly contributed to the higher achievement in mathematics and vice versa. 

Lastly, these finding also raises questions about the interpretative power of the social comparison theory. Based on this theory, one’s mathematics self-concept is developed through external references (a direct comparison of self-performance to others in the immediate environment), and internal references (a direct comparison of one’s performance in a particular school subject with their own performance in other school subjects) (Marsh & Hau, 2003). Following this prediction, the finding that there was a negative relationship between self-concept and achievement in mathematics as shown in the international comparative studies can be reasonably interpreted unless the following unlikely situation existed in the higher performance countries. In this scenario, not only would most of the students in these countries receive relatively lower mathematics grades compared to a few of their peers but also for most of them, their mathematics competence would be relatively lower than their competences in other subject areas. However, even if such a situation existed in these countries, it would still not match the prediction of any existing theoretical models that argue students in such contexts would have higher mathematics performance than those students not situated in the context. 

Alternative Interpretations of the Development of Self-Concept and Its Functions

With these considerations, three facets of self-concept are offered. First, academic self-concept (self-perceived beliefs about their traits and attributes and feelings about themselves as well as confidence levels about their competence in a particular subject area) is a direct result of individuals’ perceived intellectual efforts needed for learning a particular subject area within their own learning environment in order to achieve culturally accepted learning results. Second, the greater the amount of intellectual effort individuals perceived as needed in order to learn a subject, the lower their self-concept would result or vice versa. Third, students’ specific achievement is directly related to their actual intellectual effort put into the learning of the subject to achieve culturally accepted results and the avoidance of negative consequences in their environment instead of their perceived efforts. Thus, as shown in Figure 3, it is very plausible that self-concept is only loosely coupled with achievement instead of causally related and thus, the enhancement of self-concept will not directly lead to improvement of the relevant achievement or vice versa.
Conclusion and Implications

Our review of empirical data, especially those from international comparative studies (Kong et al., 1998; Wilkins, 2004; Yin, 1999) casts further doubts on the interpretative power of existing theories of self-concept, its function, and development in the following ways.

First, self-concept may not necessarily develop from a direct relationship with relevant academic achievement or vice versa. Second, because of this, a direct enhancement of self-concept may not lead to the improvement of relevant academic achievements or vice versa. Third, the skill development and reciprocal models of the relationship are also problematic since they were developed directly based on assumed direct relationship between academic self-concept and academic achievement. These conditions incited us to develop a different conception of self-concept and its relationship to achievement that could accommodate and explain the paradoxical situations and inconsistent findings witnessed in the extant literature on self-concept, its function, and development.
Figure 3: Alternative Model of Academic Self-Concept and Achievement
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With this understanding as a base, we proposed a different interpretation of self-concept, its function, and development that would be more consistent with the emergent findings in comparative studies about US and Chinese student mathematics learning. This conception stresses a loosely coupled rather than direct causal relationship between subject-specific self-concept and academic achievement. This proposed conception views academic self-concept as negatively associated with students’ perceived intellectual effort in learning the subject while academic achievement is seen as positively related to the actual intellectual effort invested in their learning. Although the role of perceived and actual effort and talent/abilities in student motivation and achievement have been proposed and studied in the education psychology (Dweck, 1999; 2001;Weiner, 1986;1992), it has not been carefully incorporated into the interpretation of self-concept, its function, and development.

It is our assumption that both subject-specific self-concept and achievement can be constrained by the immediate subject learning environment where learners are situated and impacted by factors associated with the environment as suggested by the social cultural perspective of learning (Brown et al., 1989; Lave & Wenger, 1991; Vygotsky, 1994). This environment occurs at both an interpersonal comparative level among peers (an important focus in existing theories of self-concept development) and deeper, broader social and cultural levels that students interactively experiences. It is this latter level influence that is inadequately addressed in the field of self-concept and thus, greater attention should be given to the factors associated with the development of theories about self-concept development and its functions. 
Although the findings emerging from comparative studies on mathematics learning and teaching between China and US anecdotally support our proposed conception of self-concept, sustaining and verifying this model requires the following lines of research. First, comparative studies that directly measures Chinese and US students’ perceived intellectual effort, actual intellectual effort, academic specific self-concept, and relevant achievement are needed with the application of different kinds of survey measures and statistical models. Second, subsequent to this, verification is also needed in comparative studies involving other high performing countries (Asian and non-Asian countries) and lower performing countries. More importantly, longitudinal qualitative studies using direct observations, interviews, and artifacts with students within each country are needed to verify interpretations generated from imposed statistical model findings or provide possible alternative interpretations. Often missing in the existing literature are qualitative studies that explore self-concept, its function, and development.

The implication of our study for the teachers, policy makers and program developers is that popular teaching practice and program founded on self-concept enhancement theory may not lead to increased success in school student achievement. Rather, it may be more important for educators to focus on both the quantity and quality of students’ intellectual effort and the immediate environment for subject matter learning to increase student achievement.
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