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Context

Social capital theory is gaining recognition as a valuable theoretical framework for investigating multiple positive outcomes associated with interaction among individuals.  Although several definitions of social capital have emerged, nearly all definitions encountered include three aspects that address the social and the capital components of the construct.  Two aspects address the social component, networks and norms, and one addresses the capital component, value.  Networks are interactions among individuals based on relationships and can be a valuable source of information.  In a higher education setting, interacting with other students, professors, and teaching assistants (TA) has been found to be critical to success in terms of retention (Seymour & Hewitt, 1997; Tinto, 1987) and academic achievement 
 ADDIN EN.CITE 

(Carbonaro, 1998; Morgan & Sorensen, 1999; Sun, 1999)
.  Norms are people’s beliefs and perceptions about normal and accepted ways of behaving within a specific social setting.  Norms can either be behaviors that are perceived to be accepted by other people, or perceptions of how other people are behaving.  Classroom norms can have an effect on student learning opportunities, as norms influence the nature of discussions in the classroom, a student’s ability to participate in classroom discussions, and a teacher’s ability to track student understanding (Cobb, Yackel, & Wood, 1996).  
The higher education setting is a social enterprise in which students’ abilities, behaviors, and attitudes change as a result of interactions with peers, professors, and TAs 
 ADDIN EN.CITE 

(Astin, 1993; Pascarella & Terenzini, 1991)
.  The value of social networks and norms in the retention of science, math, and engineering students (Seymour & Hewitt, 1997); and academic achievement of both K-12 students (Carbonaro, 1998; Sun, 1999) and college students (Etcheverry, Clifton, & Roberts, 2001) has been established.  In a study of university undergraduate students, Etcheverry, Clifton, and Roberts (Etcheverry et al., 2001) found that student perceptions of support from other students related positively to student self-concept of ability and grade point average (GPA).  The above mentioned studies conducted in the K-12 setting utilized subject-specific achievement as an outcome, while Etcheverry et al. utilized both college GPA and self-concept of ability as outcomes.  As suggested by Etcheverry et al., self-concept of ability represents students’ attitudes about their abilities, and the importance of developing these attitudes has been established 
 ADDIN EN.CITE 

(Astin, 1993; Pascarella & Terenzini, 1991)
.
Research Questions

This study builds on and extends existing work in that it examines social capital theory in engineering education, in an electrical engineering lab, and through measures of both the normative and network aspects of social capital.  The specific research goal addressed is to investigate associations between network and normative aspects of student social capital and academic achievement using a researcher-designed survey instrument.  The survey was administered to the entire population (127 students and 87% response rate) of students in Introduction to Electrical and Computer Engineering, a freshman engineering laboratory course at Oregon State University.  

Social Capital as a Theoretical Framework
Based on an abundance of agreement from noted scholars and published literature, social capital consists of networks, norms, and the value of these networks and norms. The definition of social capital utilized for this research is the set of social resources relevant to academic performance that are available to students in the engineering lab as a result of interactions with other individuals as well as the norms that promote these interactions. This study used a researcher-designed survey instrument to measure the amount of student financial capital, human capital, and perceived social capital.

The conceptual model is displayed in Figure 1 below, and proposes that financial, human, and social capital are positively related to student academic achievement.  Based on Coleman’s original hypothesis of social capital, students have three sources of capital available to them that may influence their success in college, financial capital, human capital, and social capital.  Previous research has shown that both human capital  and financial capital 
 ADDIN EN.CITE 

(Astin, 1993; Pascarella & Terenzini, 1991)
 are positively correlated with academic achievement.  Financial capital refers to monetary resources available to pay for college related expenses such as books, tuition, and rent.  Human capital is the knowledge, skills, and training that students bring with them to college.  Financial capital was measured as the student’s parents’ highest  educational level (Berger).  Human capital is measured as student’s cumulative college GPA (Nettles & Millett, 1999).  Gender and age have both been shown to affect academic achievement, and are included in the model 
 ADDIN EN.CITE 

(Astin, 1993; Clifton, 1997; Etcheverry et al., 2001; Pascarella & Terenzini, 1991)
.

Social capital lies at the intersection of academic achievement and networks and norms, which is appropriate as it entails both networks and norms, and the value of these networks and norms.  Academic achievement was measured as both self concept of ability and two measures of lab achievement: lab grade and the number of extra credit assignments the student was able to complete (extra credits).  Self concept of ability was measured using a 3-item scale modified from Brookover, Patterson, and Thomas (Brookover, Patterson, & Thomas, 1962).

Operationalizing the network and normative aspect of social capital is based on student perceptions of interactions in the lab setting.  Interactions can occur either with other students, or teaching assistants.  According to the proposed definition, social capital consists of the relevant social resources.  In other words, interactions among individuals do not constitute social capital in and of themselves.  In this light, three aspects of interactions are measured for both student-student and student-TA interactions; quantity of interactions, quality of interactions, and relevance of interactions to academic success in lab.  Social capital would not be present if a large number of interactions occurred, but these interactions were not about the lab material.  Similarly, interactions would not be valuable if not characterized by social norms such as a sense of support, trust, and reciprocity 
 ADDIN EN.CITE 

(Clifton, 1999; Coleman, 1988; Fukuyama, 1995; Johnson, 1983; Putnam, 2000)
.

Survey Development and Analysis

The survey development and analysis process included: developing initial items based on existing surveys and the construct of social capital, conducting a focus group with college students to pilot the survey and evaluate individual survey items, conducting a full scale survey, utilizing survey results to evaluate individual items and reliability of individual construct scales, and finally, utilizing survey results to investigate relationships between student financial, human, and social capital, and academic achievement.  The reliability of scales developed was evaluated using the Cronbach alpha reliability measure and inter-item correlations.  
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Figure 1 - Operationalizing Social Capital

Student social capital in the laboratory setting includes interactions with both students and TAs.  It is proposed that the quantity, quality, and relevance of interactions between students and between students and TAs are included in the social aspect of the construct of social capital.  Each of these three constructs was measured using a scale with three to five questions per scale.  Quantity was measured as the amount of time students spent interacting with other students and TAs.  Quality and relevance scales were included to address the normative aspect of social capital.  Quality questions addressed whether the student or TA was supportive and interested in the student’s learning.  Relevance questions investigated student’s perceptions of the importance of working with others to be academically successful.  Following the argument presented by Etcheverry suggesting that both GPA and self concept of ability are important outcomes of higher education, this study utilized lab grade and self-concept of ability as academic achievement, or the capital component of social capital.   Additionally, the number of extra credit assignments the student was able to complete was used as a measure of academic achievement.  Correlations between all variables were investigated and linear regression models developed to investigate associations between dependent (lab grade, number of extra-credit assignments completed, and self-concept of ability) and independent variables (social interactions), controlling for effects of socio-economic status and previous university academic achievement.  Each scale (quantity, quality, and relevance) was found to be reliable with reliability factors ranging from 0.69 to 0.90.
Findings and Conclusions
Model results are presented in Table 1 below.  The term “No Relation” indicates that the association was not statistically significant.  The lack of significance of age and gender and financial capital on any of the measures of achievement does not agree with previous research (Clifton, 1997; Etcheverry et al., 2001).  This may be the result of a relatively homogeneous sample of students with respect to age (mean = 19.1, std = 2.08), and the small number of female students in the sample (n = 11).  This result may also be a consequence of the overall high level of achievement in the lab, and corresponding lack of differentiation of high and low achieving students.

	
	Lab Grade
	Extra Credit Assignments
	Self-Concept of Ability

	Age
	No Relation
	No Relation
	No Relation

	Gender
	No Relation
	No Relation
	No Relation

	Financial Capital
	No Relation
	No Relation
	No Relation

	Human Capital
	+
	+
	No Relation

	Student Quantity
	No Relation
	No Relation
	No Relation

	Student Quality
	No Relation
	No Relation
	+

	Student Relevance
	-
	-
	-

	TA Quantity
	No Relation
	No Relation
	No Relation

	TA Quality
	+
	+
	+

	TA Relevance
	No Relation
	-
	No Relation

	Table 1 – Associations Between Social Factors and Academic Achievement


Human capital was found to be positively correlated with lab grade and extra credits, but not significant in predicting self-concept of ability.  The positive relation between human capital and lab grades and extra credits is not surprising.  However, the lack of correlation between human capital and self-concept of ability does not correspond with other research (Etcheverry et al., 2001).  Although Etcheverry, Clifton and Roberts did not conceptualize human capital as GPA, they did find a significant positive correlation between GPA and self-concept of ability.

Surprisingly, sub-constructs of social capital are both positively and negatively related to the three measures of academic achievement.  The quantity of student-student and student-TA interactions has no significant association to any measures of achievement in this laboratory.  The finding that the quantity of TA and student interaction is not significant in predicting any measures of achievement does not infer that interaction is or is not important, just that no statistically significant relationship exists.  It seems that quantity of interaction may or may not be important in terms of achievement.

Student relevance of interactions has a negative association with lab grade, extra credits, and self-concept of ability and TA relevance of interactions has a negative association with extra credits.  This does not mean that the perception that student and TA interactions are relevant to success will cause a student to not be successful, only that students who have these perceptions are less likely to achieve at a higher level in this setting. One possible explanation is that students that are not high achievers and do not have a high self-concept of ability rely on interactions with other students and TAs to be successful.  Additionally, this suggests that high achievers in this setting do not consider student or TA interactions to be valuable in terms of their success.  
TA quality of interactions is a measure of students’ perceptions of positive interactions and support from TAs.  Considering that TA quality of interactions has a positive association with all three measures of academic achievement,  it appears that students who achieve at a higher level perceive a strong sense of support from TAs, while the opposite is true for students who are relatively low achievers.  TAs may exhibit preferential treatment of high achievers in this setting, resulting in low achievers lack of a sense of support.  It is possible that an interaction exists between student relevance and TA quality.  For example, low achieving students may perceive a lack of support from TAs, and as a result, turn to students for assistance in completing the lab.  

TA relevance of interactions was not found to have a significant association with lab grade, but was found to have a negative association with extra credits.  Additionally, TA quality of interactions was found to have a positive association with both lab grade and extra credits.  In other words, students perceptions of the importance of TA interactions on success in lab were not related to lab grade but a positive association with extra credits.  This result is difficult to unravel due to the highly related nature of lab grade and extra credits, especially since the extra credits are notoriously difficult to achieve without assistance from TAs.  A possible explanation is that TA quality is an indication of students comfort level interacting with TAs.  This perception led to these students being able to acquire the help of the TAs in completing the extra credits.  

Both student and TA quality of interactions have a positive association with self-concept of ability, indicating that students who perceive supportive interactions with TAs or other students rank their own quality of work higher than those that do not.  Students who rank themselves higher in quality of work may have more positive perceptions of their interactions, or the positive perceptions of interactions may result in a higher self-concept of ability.

Another discernable pattern is that student and TA quality were found to have an overall positive association with achievement, while student and TA relevance were found to have an overall negative association with achievement.  This supports the previous propositions that high achievers may receive preferential treatment from both students and TAs, and that low achieving students rely on TA and student interaction for success more than their high achieving counterparts.  

Recommendations and Future Research

The mixed results on the associations between student social capital and achievement allude to the complex nature of the social capital construct.  Perhaps the most interesting possibility is preferential (quality) perceived treatment of high achieving students by both students and TAs in concert with the possibility that low achieving students have a stronger sense of the need (relevance) for interactions with students and TAs to be successful.  These results may indicate that relatively low achieving students in this setting rely more on student and TA interaction than high achieving students.  This leads to several possibilities for future research on questions such as:  Do TAs exhibit preferential treatment to students based on abilities and how does this relate to achievement?  As TAs are unlikely to accurately respond to questions of this nature on a survey, a qualitative investigation utilizing extensive observations would be appropriate.
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