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ABSTRACT OF THE DISSERTATION 

The Supplemental Instruction Program: Student Perceptions of the Learning 

Environment and Impact on Student Academic Achievement in College Science at 

California State University, San Marcos 

  

 

by 

  

Suzanne Elizabeth Hizer 

 

Doctor of Education in Educational Leadership 

 

 

University of California, San Diego, 2010 

California State University, San Marcos, 2010 

 

 

Professor Carolyn Huie Hofstetter, Chair 

 

 

Higher education in science has been criticized and calls to increase student 

learning and persistence to degree has been recognized as a national problem by the 

Department of Education, the National Science Foundation, the National Research 

Council, and the National Academy of Sciences. One mode of academic assistance 

that may directly address this issue is the implementation of Supplemental Instruction 

(SI) in science courses. SI is a specific model of academic assistance designed to help 

students in historically difficult science classes master course content, thus increasing 

their academic achievement and retention. This study assessed the SI program at 

California State University, San Marcos, in supported science courses. Specifically, 

academic achievement based on final course grades were compared between SI 

participating and nonparticipating students, multiple affective factors were measured 

at the beginning and end of the semester, and students‘ perceptions of the classroom 



xvii 

 

and SI session learning environments recorded. Overall, students who attended five or 

more SI sessions achieved higher final course grades. Students who chose to 

participate in SI had higher initial levels of responsibility and anxiety. Additionally,  

SI participants experienced a reduction in anxiety over the semester whereas 

nonparticipants experienced an increase in anxiety from beginning to the end of the 

semester. The learning environment of SI embodies higher levels of constructivist 

principles of active learning such as cooperation, cohesiveness, innovation, and 

personalization — with one exception for the physics course, which is a based on 

problem-based learning. Structural equation modeling of variables indicates that high 

self-efficacy at the end of the semester is directly related to high final course grades; 

this is mediated by cohesion in the classroom and the cooperation evidenced in SI 

sessions. These findings are elaborated by student descriptions of what happened in SI 

sessions and discussed given the theoretical frameworks of Bandura‘s concept of self-

efficacy and learning environment activities that embody constructivist principles.



 

1 

 

CHAPTER 1 

Introduction 

 

    Higher education institutions are being challenged to embrace innovative 

educational practices that will increase student learning and success particularly in the 

areas of science and math (A Test of Leadership: Charting the Future of U.S. Higher 

Education, 2006). Prestigious organizations have reiterated this call for change due to 

concerns about science and math education in the United States. A myriad of 

programs have been established in undergraduate science, mathematics, engineering, 

and technology (STEM) education and must be evaluated in terms of their 

effectiveness in promoting increases in student learning outcomes. Academic 

assistance programs are one example of interventions aimed at increasing student 

learning and favorable outcomes such as achievement and persistence in 

undergraduate STEM disciplines. However, not all academic assistance programs have 

been able to demonstrate their effects in these areas (Fagen & Labov, 2007). One form 

of academic assistance termed the Supplemental Instruction model has a history of 

empirical evidence demonstrating success in student achievement and persistence in 

STEM undergraduate education. Yet gaps remain in this research area as important 

questions regarding how and why the program works for a diverse student population 

have not been fully addressed. Thus, this study focuses on evaluation of the 

Supplemental Instruction program within a higher education setting and what potential 

role it plays as a meaningful educational practice.
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Context of the Problem 

 

 In 1996, the National Science Foundation (NSF) issued a report titled 

―Shaping the Future: New Expectations for Undergraduate Education in Science, 

Mathematics, Engineering, and Technology.‖ The report was designed to review the 

current status and provide recommendations to improve undergraduate education in 

these areas. As a major funding agency of scientific-related endeavors, the NSF 

embraces a vision to support student learning that improve  

…problem-solving and lifelong learning skills, the ability to 

communicate effectively and work as part of a team, and personal traits 

such as adaptability, openness to new ideas, and empathy for the ideas 

of others.  Our stress is on student learning that is measurable and 

involves much more than the acquisition of facts. 

      

Similarly, the National Academy of Sciences issued a report in 1996 ―From 

Analysis to Action: Undergraduate Education in Science, Mathematics, Engineering, 

and Technology‖ outlining their review and recommendations from ―The Year of 

National Dialogue‖ of leaders in education, government, and foundations. The report 

defined a number of goals for students, faculty, and institutions to increase 

achievement in science and math education and indicated those efforts should be 

comprehensive, available, and effective for all students and not just an identified 

subset. The report specifically identified cooperative learning as an important 

pedagogical method that would create opportunities for more active learning among 

students. Correspondingly, the sponsorship of peer study groups is also among these 

recommendations as a potential way to increase student involvement and active 

learning in science, mathematics, engineering, and technology (STEM) fields.  
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Coupled with this challenge for changes in STEM undergraduate education is 

the identified need to increase the amount of underrepresented students who seek these 

academic and career paths (Fagen & Labov, 2007; NAS, 2007). The proportion of 

minority representatives in the United States population is growing, yet their 

participation in scientific-based careers lags far behind (National Science Foundation 

[NSF], 2006). According to the NSF (2007), in 2004 only 7.1% of all awarded PhD‘s 

and 16.4% bachelor‘s science and engineering degrees went to underrepresented 

minority students.  

      Given this current dilemma, the key question becomes ―What can higher 

educational institutions do to increase all undergraduate student successes in science 

and related fields?‖ A diverse array of interventions is being undertaken to tackle these 

tough issues. These include financial aid and scholarships, faculty mentoring, and 

academic assistance designed to increasing student preparedness and academic 

assistance once students are enrolled in these science disciplines. A 2006 report from 

the General Accounting Office noted that $2.8 billion were spent in 2004 by federal 

civilian agencies in support of over 200 different programs to address this issue. While 

commendable, the overall effectiveness of many of these programs is currently 

insufficiently supported by empirical evidence (Fagen & Labov, 2007; National 

Academy of Sciences [NAS], 2007). Thus, whether these programs have any impact 

on student success and retention in STEM disciplines is not clearly established. As a 

consequence, the National Academy of Sciences and other institutes urge for 

additional research in this field that aims to assess their efficacy by formulation of 

important research questions that are generalizable, attainable within a clear cut study, 
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and provide important answers that are supported by powerful statistical measures 

(Fagen & Labov, 2007; NAS, 2007).   

Supplemental Instruction: An Overview 

The goals of one national program are remarkably aligned to these calls for 

change in science and math higher education. Supplemental Instruction (SI) is a 

specific model of academic assistance designed to help students in historically difficult 

classes master course content while they develop and integrate learning and study 

strategies (Blanc, DeBuhr, & Martin, 1983; Blanc & Martin, 1994). Deanna C. Martin 

at the University of Missouri-Kansas City (UMKC) developed the SI program in 1973 

in a climate dominated by tutoring and remedial programs that targeted struggling 

students. In response, SI was specifically designed with the focus switched from high-

risk students to high-risk courses. These entry-level or gatekeeper courses are 

identified by historically high percentages of unsuccessful students as evidenced by 

the rates (30% or more) of D, F, and W grades. The importance of this switch was 

three-fold: the inability of most tutoring efforts to show effectiveness on student 

learning, these efforts only reached a small percentage of identified students, and the 

high attrition rate of freshmen and sophomore students within the first six weeks of the 

semester (Arendale, 1997; Blanc et al., 1983; Martin & Arendale, 1994; McGuire, 

2006). The major goals identified in the SI model are to increase 1) the grades of 

students enrolled in historically difficult courses (high occurrences of D, F, and W‘s), 

2) overall student retention in these courses, and 3) persistence to graduation rates.   
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SI academic assistance has been specifically researched in both the U.S. and 

international higher education institutions and has shown a clear pattern of success in 

meeting these goals. As a result, SI received national recognition from the Department 

of Education in 1981 as Exemplary Educational Program and is listed as one of 

―Educational Programs that Work‖ by the National Diffusion Network. SI programs 

have spread to more than 700 U.S. institutions and were cited in a report from the 

Department of Education as an example of ―Best Practices‖ in student support services 

(DOE, 1997). 

Weaving Theory Into Supplemental Instruction Practice 

 Supplemental Instruction (SI) is rooted in multiple theories of learning with a 

major emphasis on constructivist ideology. Two important learning theorists, Jean 

Piaget (1954/1981) and Lev Vygotsky (1962, 1978) are prominent in the SI model. 

Piaget stated that knowledge acquisition is an active process that forces learners to 

engage new learning material as they construct new knowledge bases (Arendale, 1993; 

Garcia, 2006). Similarly, Vygotsky‘s theories expound how learning is a process of 

construction embedded within social interaction that enhances an individual‘s 

cognitive development (1978). In Vygotsky‘s Zone of Proximal Development, an 

individual may only achieve higher levels of cognition by collaboration with a 

knowledgeable peer, tutor, or teacher (Congos, 1998; Hurley, Jacobs, & Gilbert, 2006; 

Martin & Arendale, 1994; McGuire, 2006; Wilcox & Koehler, 1996). 

 In the SI model, services start at the beginning of the course and are linked to 

high-risk courses and not high-risk students, study skills are developed in the context 
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of the subject area, services are closely related to the academic department, sessions 

are peer-led and collaborative, and participation is voluntary (Martin & Arendale, 

1994). The central constructivist principle evident in the SI model is collaborative and 

active learning. By design, SI works by the social negotiation among student 

participants on problem solving or conceptual understanding of course-related 

material. Multiple student perspectives are inherent and allow for individual errors to 

be identified and corrected earlier than traditional classroom assessments. Another 

important tenet of constructivist learning in SI is the presence of an experienced and 

trained peer facilitator who serves as a model and coach to move students into higher 

order thinking and developmental stages. An important scholar in the area of SI 

research, David Arendale (1993), also noted that the program aligned with 

constructivism as a way to promote future independent learning in students even if 

they do not encounter collaborative learning environments in their academic future.  

 In the 1990s, another important learning theory was utilized in defining how 

the SI model of assistance is applicable in affective domains. Albert Bandura‘s Social 

Cognitive Theory of which behavior, cognitive factors such as motivation and self-

efficacy and the environment come together to influence learning outcomes (Arendale, 

1993; Bandura, 1977). Bandura recognized the influence of the social network on self-

efficacy beliefs (1993). Self-efficacy is an individual‘s perceived ability to meet and 

become skilled at the challenges of any new situation (Bandura, 1997). Additionally, 

the construct of self-efficacy is contextually and task specific and can be enhanced via 

mastery and vicarious experiences (Bandura, 1996; Pajares, 1996b; Schunk, 1981).  
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There is ample empirical evidence to support the claim that high self-efficacy 

beliefs result in higher levels of academic achievement in K-12 (especially secondary) 

students yet, is much more limited within the context of college level science and math 

educational outcomes (Andrew, 1998; Lent, 1984; Pajares, 1996a; Schunk, 1991; 

Witt-Rose, 2003). Related to increases in learning outcomes, scholars recognize that 

learning within a social and collaborative environment enhances student self-efficacy. 

Nonetheless, lecture-based college classrooms remain the norm on university 

campuses. Alternatively, the SI model stipulates that through collaborative and active 

learning, students are given a chance to practice new knowledge based skills with 

other peers thus potentially increasing their  academic self-efficacy (Arendale, 1993; 

McGuire, 2006).   

Given these clear connections to important theoretical frameworks, one might 

assume that the preponderance of empirical research done on SI programs would 

specifically link these to evaluations of student learning outcomes. Yet this is not the 

case. Only a very small proportion have attempted to link Bandura‘s self-efficacy 

construct to SI effects and no research has measured any aspect of the SI learning 

environment to ascertain whether it is in fact congruent to social constructivist ideals. 

Research Question 

     Literature in the area of SI program effectiveness in science courses centers on 

quantitative analysis of course or exam grades and reenrollment rates among students 

who participate (voluntarily) in SI versus those students who do not (Belzer, Miller, & 

Shoemake, 2003; Blanc et al., 1983; Congos, Langsam, & Schoeps, 1997; Lockie & 
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Van Lanen, 1994; Moore & LeDee, 2006; Rath, Peterfreund, Xenos, Bayliss, & 

Carnal, 2007; Shaya, Petty, & Petty, 1993). This type of analysis was initially put 

forth in the seminal paper regarding SI by Blanc et al. (1983) and was the first widely 

distributed empirical study of the effects of SI and as such served as a benchmark in 

future analyses. A preliminary review of some of this research indicates that the 

program is ―successful‖ in that students who participate are more likely to do better 

than non-SI student counterparts. This is true even when measures of student 

preparedness or prior academic achievement are accounted for in the final analysis.   

As noted above, the research on SI and self-efficacy is very limited. Two 

published studies and three doctoral theses attempted to measure self-efficacy or the 

related motivation construct (Belzer et al., 2003; Fisher, 1997; Garcia, 2006; McGee, 

2005; Visor, Johnson, & Cole, 1992). These studies employed generalized instruments 

— the Motivated Strategies for Learning questionnaire (MSLQ), the Self-Efficacy 

Scale (SES), and Study Behavior Inventory (SBI) — as a means to correlate self-

efficacy to SI engagement and course success. However, results have been mixed and 

no conclusions regarding the effects on self-efficacy due to participation in SI can be 

made.  

Learning environment research, as it pertains to SI, is currently unavailable in 

published literature. This is somewhat surprising as constructivism was an important 

framework in the design of the SI model. This study will seek to define the learning 

environment of SI using a survey tool aligned with constructivist principles. This will 

be coupled with outcome and the cognitive affective measures (i.e., self-efficacy) and 

will stand as a unique contribution to the body of SI research effectiveness. More 
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specifically, the integration of the theoretical constructs of constructivism and self-

efficacy might potentially describe what affective benefits students obtain as a direct 

result of participating in the alternative learning environment that SI provides. 

Accordingly, important implications that might account for increases in SI student 

achievement and retention might also be uncovered. Thus, this study will seek to 

answer three research questions: 

1) Do SI participating students have higher levels of academic success than 

non-SI students? 

2) Are there affective benefits, such as increases in academic self-efficacy and 

motivation, to the student who participate in SI sessions? 

3) Do students perceive the classroom learning environment differently than 

the SI session environment? 

4) Are the SI learning environment and increases in affective factors 

correlated to academic success?  

Definition of Terms 

 The following are important terms used throughout this study: 

1. ACT: American College Testing, a national college admissions test similar to 

the SAT (see below). 

2. Collaborative/cooperative learning: The process of moving students away from 

passive and into active learning strategies facilitated by an instructor; students 

construct their knowledge within a social interaction of students working 

together (Goodsell, 1992). 
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3. GPA: The grade point average is the average number of grade points per 

semester hour attempted. Grade point average is calculated by dividing the 

total amount of grade points earned by the total amount of credit hours 

attempted. A grade point average may range from 0.0 to 4.0.  

4. HSGPA: The grade point average earned during high school. This is the 

average over all 4 years from grades 9 through 12. 

5. Learning Environment: A broad area of research influenced by Moos (1980), 

in which he identified three major dimensions: relationship, personal growth or 

goal orientation, and system maintenance and change.  

6. Motivation: A term used on instruments that measures six constructs including 

intrinsic motivation, extrinsic motivation, goal orientation, self-determination, 

self-efficacy, and anxiety 

7. SAT: Scholastic Aptitude Test or Scholastic Assessment Test; a standardized 

test for college admissions in the United States. 

8. Self-efficacy: The ―…beliefs in one‘s capability to organize and execute the 

courses of action required to manage prospective situations‖ (Bandura, 1997). 

9. SI leader: A ―model student‖ who is nominated by faculty based on previous 

performance in the target class and who shares his/her learning strategies with 

other students in the SI sessions. 

10. SI session: An out-of-class study group facilitated by a peer leader who helps 

students integrate study skills and course content knowledge in a social, active 

learning process.  
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11. Social constructivism: A broad term used to describe theories of learning 

involving development and cognition. Jean Piaget and Lev Vygotsky are two 

important theorists linked to social constructivism. 

12. Supplemental Instruction: A recognized model of academic assistance 

developed by Deanna C. Martin at UMKC in 1973 that promotes collaborative 

peer-learning systems attached to course content in order to increase grades, 

reduce withdrawal rates, and increase persistence of students in these difficult 

courses. 

Context for the Study 

     As noted above, the Department of Education, the National Science 

Foundation, the National Research Council, and the National Academy of Sciences 

have recognized, criticized, and called for increases in student learning and the 

number of underrepresented minorities receiving degrees in science, mathematics, 

engineering, and technology disciplines. Addressing these needs requires universities 

to attract and retain all individuals who initially enroll in science programs as dropout 

rates in these fields are very high. California State University, San Marcos (CSUSM), 

a small, public, 4-year college has experienced low retention within the CSU system, 

although these data are not currently disaggregated by major. A small SI program was 

begun at CSUSM in 2001 to address student persistence and academic achievement in 

science courses. The program has grown over the past 6 years to include academic 

support of 15 historically difficult math and science courses. Disciplined evaluation is 
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the next step to determine how well or whether our students, and thus the university, 

are benefiting from the SI program.     

Overview of Methodology and Potential Significance 

     The main purpose of this study will be assessment of the SI program at 

CSUSM in program-supported science courses. While theoretically framed within the 

social cognitive learning theories of Vygotsky and Bandura, a mixed methods design 

will serve as an analytical framework. Mixed methods have a number of potential uses 

in inquiry analysis; however, my specific purpose is to provide complementarities in 

understanding the phenomenon being explored in both the quantitative and qualitative 

analyses (Greene, 1989). Specifically, the quantitative data will provide some insight 

into student perceptions of the learning environment and influence on self-efficacy and 

achievement, while the qualitative data will provide a richer narrative from student 

perceptions of these outcomes.  

Quantitative data of grade and reenrollment outcomes of participants and 

nonparticipants serve to assess whether those students who take part in SI are more 

likely to experience academic success and, thus, remain in college following 

conventional evaluations of other SI programs (Blanc et al., 1983). These analyses 

remain essential in order to demonstrate to college administration that the costs of the 

program are offset by student retention and, thus, the retention of revenue to the 

university. Another line of quantitative analysis will center on questionnaire 

instruments that assess the student perceptions of the SI and associated course 
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classroom environments. A pre- and posttest instrument designed to measures areas of 

motivation and self-efficacy will be the final quantitative data source.  

The overall goal is to explore the relationship between the SI learning 

environment and aspects of college students‘ affective cognitive factors and academic 

achievement. Specifically, I would like to establish a link between the alternative 

classroom learning environment provided by Supplemental Instruction and its effects 

on college students‘ self-efficacy, motivation and success in learning science. Analysis 

of both the environment and student learning has the potential to explain the 

putative reasons of how students who participate in Supplemental Instruction achieve 

higher final grades and stay in college. Questionnaire tools, such as the College and 

University Classroom Environment Inventory (CUCEI), will be employed in order to 

gain student perception data of the SI session learning environment as compared to the 

lecture-based classroom environment (Fraser & Treagust, 1986; Fraser, Treagust, 

Williamson, & Tobin, 1987). Coupled with the learning environment tool, the Science 

Motivation Questionnaire (SMQ) (Glynn, Taasoobshirazi, & Brickman, 2007) 

assesses self-perception of science academic self-efficacy and motivation. The results 

of the learning environment and science motivation questionnaires will be assessed for 

correlations to student outcomes as measured by final course grades.  

  Qualitative measures are another important aspect of the study and are planned 

as an exploratory and complementary analysis in order to understand ―how‖ students 

perceive the learning environments of the classroom and SI session. Interview data 

will be gathered from student focus groups of both participants and nonparticipants to 

explore their perceptions of the SI and classroom environments. The two learning 
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environments will be compared and contrasted and serve as a richer narrative than 

quantitative analysis, only to explore the peer interactions and learning occurring in 

each setting.    

An additional important course of investigation will be in regards to 

underrepresented student participation and impact. Student demographic 

characteristics will be tied to both the quantitative and qualitative analyses. Data will 

be disaggregated by sex, race/ethnicity, and student preparedness (HSGPA and 

SAT/ACT) in order to separate out any potential differential perceptions and 

achievement differences in the underrepresented student population subset. Thus, 

ancillary to the primary objectives of the outlined research, addressing 

underrepresented student populations will be used to understand not only whether 

these students are differentially affected, but also how best the SI program meets the 

needs of these subgroups of students at CSUSM.   

       Together the qualitative and quantitative data provides an in-depth assessment 

of what beneficial effects promoted by SI are happening for underrepresented and, 

indeed, all students in science courses. This line of research has not been actively 

pursued in research literature of SI programs at other higher education institutions. 

The proposed research presented here outlines a new and valuable way to evaluate the 

environment so that we may understand what unique niche SI support provides for 

students. Coupled with student perceptions, this will be highly applicable data that 

may directly be used in determining how to best implement SI.
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CHAPTER 2 

Theoretical Perspectives 

 This chapter focuses on exploring the body of research and theoretical 

approach of the SI model. Specific attention is paid to how multiple theoretical 

constructs are relevant to the proposed research. The review is organized into four 

major discussion points: the model of SI assistance, the theories that spurred SI 

development, a review of empirical research, and the conceptual framework guiding 

this research project. 

 College academic assistance programs often follow two paths for assistance: 

tutoring services offered to a student who has been identified and referred either by 

themselves or by faculty/staff after a path of unsuccessful performance in a class or 

college overall or special programs offered to a special subset of students who come 

from high-risk backgrounds often based on socioeconomic or racial/ethnic origins of 

the student. These types of services or programs are found on virtually every college 

campus in the U.S. yet have not resulted in substantial changes in the persistence or 

academic achievement of students, especially in science, mathematics, engineering, 

and technology (STEM) fields (GAO 2006; Fagen & Labov, 2007). The SI program 

was designed with a major shift in how services are offered and has demonstrated 

empirically supported positive effects on student achievement and persistence that is 

centered on important social learning theories.   
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The Supplemental Instruction Model of Academic Assistance 

     Supplemental Instruction is a specific model of academic assistance designed 

to help students in historically difficult classes master course content while they 

develop and integrate learning and study strategies. Deanna C. Martin at the 

University of Missouri-Kansas City (UMKC) developed the SI program in 1973 in a 

climate dominated by tutoring and remedial programs that targeted struggling 

students. Martin argued that these programs were not necessarily effective, addressed 

concerns too late after problems arose for a student, and focused on preentry 

characteristics that have not been shown to be good indicators of academic 

performance and persistence in college (Blanc et al., 1983; Martin & Arendale, 1994; 

Tinto, 1993). 

In response, SI was specifically designed with the focus switched from high-

risk students to high-risk courses (Blanc et al., 1983). These entry-level or gatekeeper 

courses are identified by historically high percentages of unsuccessful students as 

evidenced by the rates (30% or more) of D, F, and W grades. The importance of this 

switch was three-fold: the inability of most tutoring efforts to show effectiveness on 

student learning, these efforts only reached a small percentage of identified students, 

and the high attrition rate of freshmen and sophomore students within the first six 

weeks of the semester (Arendale, 1997; Blanc et al., 1983; Martin & Arendale, 1992; 

McGuire, 2006). SI sessions are not considered remedial as assistance begins the first 

week of the semester as a proactive-student centered learning environment focused on 

coursework. Thus, students who attend the sessions range from those students who are 
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already mastering the course material to those who are struggling, and all students in 

between. The label of ―difficult‖ is applied to the course not the students. This is an 

important concept because underprepared students sit alongside, share, and synthesize 

information with students of all levels. In this way, SI provides a more equitable and 

accessible environment. 

          The centerpiece of Supplemental Instruction consists of voluntary study sessions 

led by student peers, or ―SI Leaders,‖ who are not quasi-instructors and have no 

influence on final grades (Arendale, 1997; Blanc et al., 1983; Martin & Arendale, 

1994). SI Leaders are students who are trained in active learning and study strategies, 

then attend all lectures, take notes, and do the assigned reading. The SI leader is a 

―model student‖ who is nominated by faculty based on previous performance in the 

target class and who shares his/her learning strategies with the other students in the SI 

sessions. In this way, the model fosters the SI leader to become a trusted peer who 

creates a safe environment for student learning. The establishment of this atmosphere 

is critical to move students away from passive and toward active learning. Mastery 

experiences are a key component as students have an opportunity to practice and 

correct mistakes as they learn new and often complex ideas.   

     Each week, SI leaders conduct three to four one-hour-long review sessions for 

all students enrolled in the course. They are trained to not ask or directly answer 

content-oriented questions. Instead, SI leaders are true facilitators who help students 

formulate complete and accurate answers to questions posed by other students in the 

session. Thus, a central responsibility of the SI leader is to integrate study skills within 

the course content in a ―learning cycle.‖  SI leaders facilitate this process through a 
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variety of techniques geared toward improving student thinking, reasoning, analyzing, 

organizing, and problem-solving skills.   

Blanc et al. (1983) note that while many students believe their academic need 

is based on subject matter content, research evidence shows that students are more 

likely to lack the level of formal or abstract thinking required of much college level 

instruction (Arendale, 1994; Martin & Arendale, 1994; McGuire, 2006). By 

encouraging students to rely on each other for answers instead of the SI leader, the 

students engage in collaborative, group learning and socially co-construct knowledge 

that will allow them to increase abstract and critical thinking skills. In this way, SI 

facilitates successful science learners. Successful students are more likely to exhibit 

expertise, transfer learning to new situations, and show increases in metacognition 

(Etkina, Mestre, & O'Donnell, 2005). 

Learning Theory and Supplemental Instruction 

The model of Supplemental Instruction (SI) was designed with a range of 

established learning theories as a guide (Arendale, 1994; Blanc et al., 1983). Of 

particular influence and importance are the works of Piaget and Vygotsky for their 

developmental and cognitive constructivist approaches. Piaget theorizes that learning 

occurs when a person is in a state of disequilibrium thus forcing them to revise their 

knowledge schema (Jones & Brader-Araje, 2002; Palinscar, 1998; Yilmaz, 2008). This 

reconstruction is a continual process based on social interaction and experiences. 

Alternatively, Vygotsky theorizes that the social interactions themselves are the 
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primary basis of knowledge acquisition and secondary is the person‘s cognitive 

development (Jones & Brader-Araje; Palinscar).  

Duncan (1995) compared Piaget and Vygotsky theories in response to a call to 

merge the two theories in the field of developmental psychology by Glassman (1994). 

Piaget described stages of an individual‘s knowledge acquisition in discrete stages 

where the need to adapt and organize new information drove the learning process 

(Bhattacharya & Han, 2001; Duncan). Piaget described this process from an 

individualistic psychological perspective where the effects of the environment are less 

important (Duncan).  

On the contrary, Duncan (1995) points out that Vygotsky challenged the 

traditional separation of the external and internal processes on an individual‘s 

learning. While Vygotsky recognized the influence of Piaget on his work, Vygotsky 

more strictly viewed the construction of knowledge as an inherently social process and 

focused on analysis of the social, interpersonal, and cultural basis of learning (Duncan; 

Glassman, 1994). Thus, Vygotksy did not emphasize psychological stages as Piaget 

does, but viewed learning as occurring within the local experiences and activities 

ascribed within them (Duncan). However, an important construct in Vygotskian theory 

is the Zone of Proximal Development. On the lower end, an individual is bounded by 

their independent abilities and in order to move to higher levels of learning and 

cognition, they must be guided by a knowledgeable peer, tutor, or teacher (Congos, 

1998; Hurley et al., 2006; Martin & Arendale, 1994; McGuire, 2006; Vygotsky, 1978; 

Wilcox & Koehler, 1996). This is accomplished within an individual‘s social 

interactions where the role of language in learning is the critical tool ―that causes a 
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fundamental change in mental functions‖ moving learners into higher order thinking 

(Jones & Brader-Araje, 2002).  

Piaget and Vygotsky, while demonstrating important differences, do share 

some commonalities, such as the importance of social interaction, and are important 

theorists in the spectrum of constructivist learning perspectives (Yilmaz, 2008). These 

theories have become important guiding principles within educational contexts and 

instructional practice (Jones & Brader-Araje, 2002; Yilmaz). One of the main areas of 

educational research and reform efforts focusing on constructivist principles is in the 

area of learning environments and activities. Yet, constructivism in itself does not 

provide a prescriptive set of instructions to enhance learning but instead has been 

interpreted by educational scholars into a list of important principles required within a 

constructivist learning environment (Garcia, 2006; Yilmaz). Prominent features 

include: 1) learning is active, 2) learning is contextual, 3) learning is predicated by 

social interaction, 4) knowledge is built from prior experiences, and 5) learning is 

making meaning. 

Small-Group, Collaborative and Cooperative Learning 

One of the most important education practices to evolve from constructivist 

theory is small-group collaborative and cooperative learning strategies (Cooper & 

Robinson, 1998; Doolittle 1997; McGlynn, 1996; Springer, Donovan, & Stanne, 

1999). In its broadest sense, collaborative/cooperative learning is moving students 

away from passive and into active learning strategies where, facilitated by an 

instructor, students construct their knowledge within a social interaction of students 
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working together (Goodsell, 1992). Collaborative and cooperative learning share the 

common goals of active learning and individual ownership for learning; however, they 

are somewhat different in their approach. Cooperative learning is more highly 

structured, where social interdependence theory is prominent (Smith & MacGregor, 

1992). Additionally, this model of active learning is tied to specific techniques such as 

the Teams-Games-Tournament, Student Teams-Achievement Divisions, Jigsaw, and 

Small-Group Teaching (Slavin 1980). Slavin and other scholars also look for specific 

characteristics, such as positive interdependence, group member accountability and 

responsibility, heterogeneous groupings, shared leadership, group self-evaluation, and 

direct teaching of group social skills (Doolittle). Collaborative learning approaches are 

more widely interpreted as any active learning strategy employing small-group work 

either in or out of class time where students define goals and procedures, and negotiate 

a collective answer (Goodsell; Springer et al.). In either sense of collaborative or 

cooperative learning, the environment moves away from a lecture-centered, passive 

transmission model so predominant in higher education classrooms today.  

 The effects of small-group collaborative and cooperative learning have been 

researched in the K-12 environments extensively (Sharan, 1980; Slavin, 1991; 

Springer et al., 1999). Slavin notes that the central positive outcome supported by 

research is the significant increase in academic achievement no matter the grade or 

initial achievement levels; especially when focusing on cooperative learning‘s group 

goals and individual accountability. His research also affirms the positive effects on 

other variables such as intergroup relations, working cooperatively, and self-esteem. 

However, much less research has been done in the area of higher education; this is 
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especially true within the science, mathematics, engineering, and technology (STEM) 

disciplines.  

 A major effort by Springer, Stanne, and Donovan (1999) is a comprehensive 

meta-analysis of small-group collaborative learning in college-level STEM areas. 

Their analysis looked at three main outcomes of achievement, persistence, and 

attitudes in previously published reports. Their initial literature search of STEM 

discipline small-group learning produced 383 reports, of which only 39 met their 

inclusion criteria of: study examined STEM programs in North American higher 

education institutions (this excluded those that looked at the use of technology only 

and were not studying technology as an academic pursuit), small-group work occurred 

either in or out of class, the study was done in an actual classroom or program and not 

in laboratory-like conditions (ecological validity relating to ―real-world‖ scenarios), 

the study was published after 1980, and there was enough statistical information for 

their goal of estimating effect sizes (Springer et al.). The primary outcomes were the 

significant effect sizes of small-group collaborative learning on higher academic 

achievement — persistence and favorable attitudes for those students who participated 

in small-group activities versus those who did not. Small-group learning had 

particularly large academic achievement effects for women and underrepresented 

groups.  

 Another important study of cooperative learning on college campuses was 

done by Johnson, Johnson, and Smith in 1998b. While not specific to STEM 

disciplines, they also find that increases in academic achievement are one of the main 

effects of small-group learning for college students. Additionally, they cite positive 
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findings on college student attitudes, relationships, and psychological adjustment that 

lead to greater commitment and persistence, more trust and cohesiveness, and greater 

self-esteem.  

 These meta-analytic findings support the conclusion that small-group 

collaborative and cooperative learning has a profound positive effect on college 

student learning and other social psychological variables. Not surprisingly, the 

National Science Foundation and the National Research Council specifically 

recommend the use of active, collaborative, and small-group work in STEM 

undergraduate education institutions, as discussed in Chapter 1 (NSF, 1996; Springer 

et al., 1999). Similarly, the American Association for the Advancement of Science 

(Science for All Americans: Project 2061) calls for collaborative learning as it more 

accurately represents how scientists work and explains how competitive classrooms 

play a role in students losing confidence and leaving these disciplines. Yet, these 

recommendations have not resulted in major shifts in how college professors teach 

science and we still see the predominance of the passive lecture-based method in 

college classrooms (Springer et al., 1999). NSF reports that a consequence of current 

instruction is why STEM students persist at low levels, are inadequately prepared for 

teaching science, and do not know how to work cooperatively in the workplace. 

Implementation of small-group, collaborative learning in higher education 

 As support for small-group learning has gained a research-based reputation for 

success, there are a number of pedagogical and innovative academic assistance 

programs that embrace this method for enhancing student learning (Eberlein et al., 
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2008). Problem-Based Learning (PBL) and Process Oriented Guided Inquiry Learning 

(POGIL) are two such strategies designed to replace the lecture format of the college 

science classroom. Alternatively, peer tutoring (or teaching) is a method designed to 

supplement the lecture-based classroom with out-of-class review sessions. Two 

notable peer-based academic assistance programs used in college STEM areas are 

Peer-Led Team Learning (PLTL) and Supplemental Instruction (SI).  

Constructivism, Collaboration, and SI 

The Supplemental Instruction (SI) program is an internationally recognized 

model of academic assistance predicated on social constructivism and implemented 

via small-group collaborative and cooperative strategies. As discussed previously, 

distinctions can be made on the strict interpretation of cooperative versus collaborative 

learning. The SI model, while not strictly defined as cooperative, certainly is viewed 

as collaborative, and includes the active learning, noncompetitive, and heterogeneous 

grouping tenets included in both learning strategies.  

Evident in SI practice is the Piagetian and Vygotskian influence where the SI 

leader provides a facilitative framework where students are guided in concept building 

and problem solving while integrating learning strategies. The intended outcome is to 

push student thinking into higher levels exemplified by Piaget as they move from 

concrete to formal operational levels and by Vygotsky as they move into higher levels 

within their Zone of Proximal Development (Blanc et al., 1983; Fisher, 1997). This 

process is, by design, highly interactional as students check understanding with each 

other and the SI leader. Thus, collaboration is the norm in the SI environment and 
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allows student to gain deeper perspective into their learning, build lifelong skills 

working with a diverse group, and is the potentially the primary cause for increases in 

their academic achievement and retention, especially for underrepresented students. 

Review of Empirical Studies in Supplemental Instruction in Higher Education Science 

Disciplines 

 

  This literature review‘s focus is limited to the Supplemental Instruction 

program and its effects in undergraduate math and science courses at four-year higher 

education institutions in the United States. The UMKC SI center is a rich source of 

bibliographic and database repository regarding this program. The center maintains an 

annotated bibliography of hundreds of SI studies—both published and unpublished—

from U.S. and international sources. This source was used in conjunction with ERIC 

database searching using the search term ―supplemental instruction‖ in a title only and 

in a keyword search. This returned more than 211 references, much of which 

overlapped with the information from UMKC. A final check for appropriate studies 

included using the literature-cited section of published papers regarding math and 

science SI programs. Only published reports of SI programs as they pertain to science 

courses utilized in the United States at four-year institutions were included. Studies 

that are exceptions to this standard will be noted and included for appropriateness as 

deemed necessary by the author.      

The Seminal Study of SI Effectiveness  

Literature in the area of SI program effectiveness in science and math courses 

centers on quantitative analysis of course or exam grades and reenrollment rates 
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among students who participate (voluntarily) in SI versus those students who do not. 

This type of analysis was initially put forth in the seminal paper regarding SI by Blanc 

et al. (1983) and was the first widely distributed empirical study of the effects of 

Supplemental Instruction and as such served as a benchmark in future analyses.   

It is important to note here that this seminal work was not an analysis of a 

science course but of SI effectiveness for students enrolled in undergraduate 

economics. Nonetheless, their prescribed methods for evaluation became a master 

template for which SI program effectiveness has been determined in many institutions 

since that time. In this work, the researchers studied 746 students enrolled in 7 

different high-risk courses with SI support for the Spring 1980 semester at the 

University of Missouri, Kansas City, in a correlational, quantitative study. They 

designated three different groups of students: the SI group (n=261) were those who 

voluntarily attended one or more SI session, the motivational control group (n=132) 

were those who showed high interest in coming to SI sessions but could not because of 

work/class scheduling conflicts, and the non-SI group (n=353) were those who did not 

attend SI sessions. They confirmed no preparedness differences in these groups by 

comparing high school rank and entrance exam scores. The SI group had significantly 

higher final course grades—2.70 versus 2.36 and 2.25 for the motivational control and 

non-SI groups respectively (t-test, p<0.01).   

They continued their assessment of the participation and academic effects of SI 

on high-risk students (Blanc et al., 1983). Those students who performed in the lowest 

percentile range (0-25
th

) on entrance exams were compared to top percentile (75-99
th

) 

students for increases in final grade and participation. They found that both groups 
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equally utilized SI and that high-risk students who participated in SI performed 

significantly higher (t-test, p<0.05) than those high-risk students who did not.   

In terms of retention, Blanc et al. (1983) show marked improvement in student 

persistence for those who participated in SI. They analyzed reenrollment rates of SI 

versus non-SI participants from the Spring 1980 treatment (no motivational control 

group for this measure) and found that SI students reenrolled at 77.4% and 73.2%, 

which was significantly higher than non-SI students at 67.3% and 60.0% rates in Fall 

1980 and Spring 1981 semesters respectively (Chi-Square test p<0.10). Additionally, 

they describe a correlation of SI support and significant decreases in failure rates. In 

examination of one economics course over the span of 5 years they found that, prior to 

SI support for this class, the percentage of D, F, and W grades was 34-33%; after SI 

support for the following three years, the failure rate declined to 27-18%. These two 

aspects of the data analysis represent the weakest correlations for influence of SI. The 

measure of retention rates and decrease in failing grades were more limited in depth 

and scope (one semester and one course respectively) and did not attempt to control 

for other factors on the outcomes. 

Measures of SI Effectiveness in Science 

 Supplemental Instruction program effectiveness following the Blanc et al. 

(1983) study used two statistical procedures—the independent t-test and Chi-Square 

test—to support their results of increased grades and retention of students who 

participated (generally for at least three or five sessions in a semester) in SI. Seven 

published reports used t-tests at least as part of their data analysis methodology of SI 
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support attached to a biology or chemistry course (Belzer et al., 2003; Congos et al., 

1997; Lundeberg, 1990; Moore & LeDee, 2006; Rath et al., 2007; Shaya et al., 1993; 

Van Lanen & Lockie, 1997). Three studies in biology—Shaya et al., Moore and 

DeLee, and Rath et al.—report using only t-test statistics to support their results. 

Following the Blanc et al. method, these studies all report significantly higher final 

course grades from SI-participating versus nonparticipating students while the 

variables such as, SAT/ACT scores, and high school rank were controlled for in their 

statistical analyses. Lundeberg reports a t-test significance value of p<0.002 between 

SI and non-SI students‘ final course grade analysis but makes no attempt to control for 

preparedness or motivation (self-selection) biases. Interestingly, her study is focused 

on examination of questionnaires results of female students enrolled in a chemistry 

class designed for allied health profession majors. 

In three cases, t-tests were used but were supplemented with other data 

analysis methods (Belzer et al., 2003; Congos et al., 1997; Van Lanen & Lockie, 

1997). Van Lanen and Lockie compared student preparedness profiles in a chemistry 

course targeted for nursing students and found no significant differences between SI 

and non-SI attending students (t-test, p<0.004), except in one area—mathematics 

placement exam scores. A z-test and t-test analysis revealed that SI students received 

significantly higher final course grades and lower failing grades (D/W/F) than non-SI 

students (p=0.004, p=0.013 respectively).   

Belzer et al. (2003) conducted a study of a modified SI program attached to 

their general zoology course. While they modeled their intervention program on the SI 

model, there were some differences in that they set up an attached course, Concepts in 
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Biology, which was taught by doctoral students and was offered one hour per week. 

Their study did not compare final course grades, but instead students were compared 

by pre- and post-content knowledge tests and a pre- and post-motivation questionnaire 

(MSQL) between participating and nonparticipating students. Belzer et al. cite the use 

of t-tests and Mann-Whitney U test for statistical comparison; however, they fail to 

ascribe what test was used where either in the methods or results. Nonetheless, they 

report no significant difference in content scores between the two groups, but note a 

significantly higher (p=0.022) levels of motivation in SI participating students. 

Retention of students was addressed by the failure rate, where students with SI support 

have significantly lower D, F, and W grades (p<0.0001) than those who did not 

receive this academic assistance. 

Congos et al. (1997) report the use of t-test analysis, but additionally report a 

number of other statistical methods in their research including Chi-Square, analysis of 

variance (ANOVA), and analysis of covariance (ANCOVA). Seven different variables 

were addressed in their research on the effectiveness of SI in an introductory biology 

course: SI attendees, verbal SAT score, quantitative SAT score, sum of SAT scores, 

high school rank, predicted grade point average (derived from SAT and high school 

rank), and final course grade. They report an observed significance level of 0.003 in 

students who pass (grade A, B, or C) or fail (grade D, F, or W) between SI and non-SI 

groups using Chi-Square. To assess potential preparedness or self-selection bias, 

Congos et al. use independent t-tests and found that, despite no difference in SAT 

scores, SI participants had higher final course grades (p=0.0001) and high school 

ranks (p=0.0271). ANOVA analysis indicated that both SI attendance and predicted 
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grade point average contribute significantly to final course grades. Thus, to further 

investigate these interactions, they utilized ANCOVA to determine whether SI 

attendance contributed despite high school rank, SAT scores, and predicted grade 

point averages and found that SI participants receive higher grades than 

nonparticipants (p values <0.0001).   

Other studies regarding SI have disregarded t-tests entirely and opted for z test, 

Chi-Square, Mann-Whitney, ANOVA, and ANCOVA methods only. Peled, Ofra, and 

Kim (1996) utilized Chi-Square and Mann-Whitney to analyze the efficacy of SI in 

biology but, instead of comparing student grades within a course, they opted to 

compare and analyze grades between nonrandomly selected courses with SI support 

and those without. This was in response to student self-selection biases that could 

exist, a condition recognized in Blanc et al. (1983). They reported average grade as 

percentages with significantly higher averages in the SI supported courses as opposed 

to course without SI involvement (Mann-Whitney U test, p<0.05 and Chi-Square, 

p<0.01).  

Multiple science and math courses were addressed by Hensen and Shelley 

(2003) and Warren and Tonsetic (1997-98) using Chi-Square, ANOVA, and 

ANCOVA. Warren and Tonsetic controlled for differences in preparedness (high 

school GPA and SAT scores) using ANCOVA and found significantly higher grades 

for SI students in biology and chemistry courses (p=0.00) versus their non-SI 

counterparts. However, no significant differences were found for calculus students and 

may have been attributable to problems in how SI implementation was not optimal in 

this course in that the SI leader did not attend the lectures. Alternatively, Hensen and 
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Shelley report significantly higher grades using ANOVA and Chi-Square analyses in 

all biology, chemistry, physics, and math courses between SI and non-SI students (p 

values <0.05). They also analyzed student preentry characteristics (ACT scores) and 

found that SI students in biology, chemistry, and math actually were less prepared than 

non-SI students (ANOVA; p<0.05). When controlling for preparedness biases in an 

ANCOVA analysis, SI participants still earn better grades (p<0.05).  

Gattis (2002), also in a response to the effects of self-selection bias, used 

questionnaire answers to assess student motivation done at the beginning of the 

semester much like the Blanc et al. (1983) study but with the more sophisticated 

statistical approach—ANCOVA. Final grades were highest for SI and motivational 

control students in two chemistry courses despite lower measures of preparedness 

(admissions index; p=0.0177). Interestingly, SI attendees also appeared to be less 

academically prepared than non-SI participants, an observation also noted by Hensen 

and Shelley (2003). 

Understanding student characteristics has the potential to provide important 

information on why students self-select into SI participation and, alternatively, why 

some students choose not to participate. SI participation has the potential to increase 

their understanding and engagement in this material but may be interpreted differently 

by subsets of students. This aspect in research surrounding science SI programs has 

been underexplored, yet may provide important insights. 
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Increasing Underrepresented Student Success 

 One important student characteristic currently under investigation in science 

SI programs‘ effectiveness is directed at identifying the impact on students who are 

underrepresented in these fields. Studies by Hensen and Shelley (2003) and Gattis 

(2002) indicated that academically less prepared students were self-selecting into the 

academic support provided by SI and gaining higher grades than non-SI students. 

Similarly, Shaya et al. (1993) examined a subset of identified at-risk students in a 

biology course. In their study, they analyzed outcomes for all students and a subset, 

Excel students, based on participation in SI. Excel students are considered high-risk 

for attrition as they were admitted to the university with low high school GPAs and 

low ACT scores. Of the Excel students, 82% were female and 50% minority (not 

further subdivided). As reported previously, all SI participant students received higher 

final course grades (2.9) versus nonparticipants (2.4; t-test p<0.001). Despite similar 

demographics and performance backgrounds of all Excel SI students, those Excel 

students who participated in SI scored much higher (2.65) versus nonparticipants 

(1.31). Additionally, 90% of Excel SI participants successfully completed the course 

versus only 32% of nonparticipant Excel students. A study by Ramirez (1997) 

examined the effects of SI on at-risk students. While a valuable study, the data 

presented were not disaggregated by course type. However, Ramirez did find that 

high-risk student benefited the greatest from SI intervention as measured by t-test and 

Chi-Square statistical measures. Not only do these students exhibit higher grades, they 

also persisted at the institution in higher numbers (based on academic standings after 

the course of the study) even when compensating for motivational levels.    
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A study designed to directly measure underrepresented students‘ achievement 

in science was published in a study by Barlow and Villarejo in 2004. They studied an 

―educational enrichment program‖ termed the Biology Undergraduate Scholars 

Program (BUSP) at the University of California, Davis, that was based on and 

contained features of a Supplemental Instruction program. The BUSP program offered 

academic assistance, similar to SI, in General Chemistry, Calculus, and Introductory 

Biology to minority students majoring in biological sciences and was part of an array 

of support including financial and advising services. BUSP students were diverse: 

66% female, 56% Hispanic, 26% African American, 5% Native American, and 13% 

Asian American, similar to non-BUSP student demographics. However, 36% were 

admitted to the university under special admissions. In other words, the BUSP 

students exhibited lower high school grade point averages (GPAs) and lower SAT 

scores than non-BUSP students. To determine the overall effect of the BUSP program 

for minority student persistence in the sciences, they compared BUSP students to non-

BUSP minority science majors and found that BUSP students who participated in SI 

courses (listed above) not only exhibited higher course GPAs but were more likely to 

persist throughout the series of courses. 

Rath et al. (2007) examined the effects of SI in introductory biology on 

underrepresented students. They analyzed the demographics of students who 

participated in SI and found that there were more women and underrepresented 

minorities and they are less academically prepared (SAT, high school GPA). Like all 

SI participants, underrepresented students who participate in SI received higher final 

course grades (t-test; p<0.0001) than non-SI participants. In fact, underrepresented 
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students who engage in SI have final grades higher (2.27) than the set of all non-SI 

students (2.04) and their grades rival those of all SI students (2.35), although these 

were not statistically analyzed as a group.   

This type of data has supported the claim that SI, while benefiting all students 

who participate, may be even more advantageous to underrepresented or high-risk 

students in science courses. Shaya et al.(1993), Barlow and Villarejo (2004), and Rath 

et al. (2007) all note the particular significance of these findings. The impact of SI 

may help increase the number and perseverance of underrepresented and high-risk 

students in science careers. 

Collaborative Learning and Retention 

From these quasi-experimental, correlational data, there is mounting evidence 

that students who participate in the SI program show increased rates of academic 

achievement and potentially retention. Tinto (1998) cites factors such as academic 

involvement and cooperative group learning as positively influencing student 

persistence. Additionally, some researchers point to the proactive nature of SI and that 

the term high risk is attached to the course and not the student, thus there is no 

remedial stigma (Blanc et al., 1983; Shaya et al., 1993). Numerous studies (i.e., Belzer 

et al., 2003; Blanc et al.) indicate that anecdotal data point to collaborative learning 

and high student interaction as potential factors that impacted their results. This is in 

agreement with Tinto‘s assertion that students in learning communities benefit by 

creating peer support groups and spend more time on learning, which is enriched in a 

group environment. Tinto also points out that the impact of learning communities—
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such as Supplemental Instruction, which he specifically recognizes—may be 

especially important for nonresidential institutions. Other important researchers in the 

field, such as Richard Light (1990) and Alexander Astin (1987) also cite the positive 

academic benefits of small-group, collaborative work as increases in student 

satisfaction, achievement, and retention.  

The benefit of the SI small-group collaborative environment was reinforced by 

a community college study on the formation of learning communities (Maxwell, 

1998). A modified SI program with instructors as the leaders was implemented in 19 

general education courses at a large California community college where only 

financial aid recipient students were invited to attend the sessions. Questionnaires 

were used at the beginning and mid-semester to determine the level of student 

participation in study groups outside of SI. This study found a positive correlation 

between SI participants and the frequency in which these students formed informal 

study groups. Correspondingly, SI students also had increased peer associations 

outside of class or SI sessions as opposed to non-SI students.   

Another interesting aspect of this research by Maxwell (1998) is the diverse 

demographic of the student population: ―…approximately 43% Latino, 26% White, 

16% Asian, 7% African American, and 7% Filipino‖ (p. 7). Thus, Supplemental 

Instruction appears to be conducive to positive student peer interaction coupled with 

increases in academic achievement and retention regardless of the diverse cultural 

backgrounds of the students involved. Reinforcement of this idea for minority (or 

underrepresented) students‘ achievement in science is evident in the studies by Shaya 

et al. (1993), Barlow and Villarejo (2004), and Rath et al. (2007) discussed 
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previously. Both Maxwell and Barlow and Villarejo concluded that the Supplemental 

Instruction aspect of the program not only improved academic outcomes and retention 

but may have attributed to the strong collaborative peer interactions.    

These examples and the model of Supplemental Instruction as a collaborative 

environment lead to an important question. Is it the constructivist-based collaboration 

and active learning among diverse peers faced with a common goal (or content-related 

problem) that overcomes resistance to learning science when these students otherwise 

feel disengaged? There is some suggestion that collaboration in the classroom, or as a 

co-curricular activity like SI, may do just that.   

Qualitative Analysis of SI  

While less predominant, there are some qualitative reports on the effects of SI 

that support quantitative research and the effects of collaboration on student success.  

Lockie and Van Lanen (1994) report on student perceptions of the SI program in 

chemistry. Students indicate their reasons for success in SI as group discussions and 

problem solving where the SI leaders prompted students to get the answer themselves 

instead of directly being told. They also cite feeling comfortable to ask questions in 

sessions. Similar results were detailed by Lundeberg (1990) in a study of SI attached 

to a chemistry course. In addition to standard quantitative approaches, Lundeberg also 

analyzed student answers to open questions on SI effectiveness. Student responses fell 

along some predominant and helpful themes in SI sessions such as the relaxed, 

cooperative atmosphere; working out problems with others; and not feeling isolated as 

the only struggling student. In another study by Lundeberg and Moch (1995) the 
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effectiveness of SI in a pre-nursing course (health sciences) was addressed using a 

qualitative approach. They sought to determine ―What is wrong with science that 

women don't like it?‖ (page 312). Data collected included observation of SI sessions 

by the supervisor, SI leaders‘ journals, focus group interviews of SI participants, 

transcripts from sessions, and survey data on effectiveness. They found that the SI 

culture influenced cognition primarily by spirit of cooperation and community, shift of 

power from leader to students, and risk-taking behaviors modeled by the leader and 

done by the students. The identified cognitive aspects were: confirming the capacity 

for learning, calibrated teaching (responding to the needs of students), and connected 

learning (context and related to prior experiences). They concluded that women, who 

are typically underrepresented in science, respond favorably to the SI environment 

because, unlike traditional classrooms, they were encouraged to take cognitive risks in 

a collaborative community.  

Thus, collaboration may be the key to break down barriers between diverse 

students. Students participating in Supplemental Instruction increase their social 

interaction and cooperation surrounding difficult academic work thereby promoting 

increases in their academic achievement in science no matter their sex, race, or 

ethnicity.  

Addressing Potential Limitations  

Blanc et al. (1983) conceded that because of the lack of random assignment in 

which students receive SI support, certain inherent biases could overestimate the 

effects on student achievement. As noted in the studies outlined above, some 
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researchers have attempted to control for these potential problems in assessment. The 

use of more sophisticated statistical techniques beyond t-tests and Chi-Square has 

resulted in the more frequent use of ANOVA and ANCOVA analyses. However, two 

researchers have recently called for a new model to determine the efficacy of SI 

programs and that current models may even underestimate the outcome (Bowles & 

Jones, 2003-2004a, 2003-2004b). Two separate reports published by the same authors 

simultaneously in a single journal calls for the use of a bivariate probit model (Bowles 

& Jones, 2003-2004a, 2003-2004b). These authors claim that the probit model more 

adequately will describe the effect of less academically prepared student‘s self-

selection bias into SI programs (Bowles & Jones, 2003-2004a) and how SI attendance 

impacts retention (Bowles & Jones, 2003-2004b). Another study done in South Africa 

calls for the use of multivariate regression analysis in order to determine the effects of 

SI attendance, academic ability, and levels of preparedness as determinants of final 

course grade (McCarthy & Smuts, 1997). This method revealed an uncertain 

relationship of SI effectiveness on student grade. However, while limited, these 

studies should be viewed as methods to be compared and contrasted to existing 

analysis methods. Future research on SI must consider these and other quasi-

experimental data analyses that could be used as appropriate to the research design. 

Thus, as outlined in this proposal‘s methodology, this study will use several statistical 

techniques (e.g., t-tests, ANOVA/ANCOVA, and multiple linear regression) to 

describe the relationships between student pre-entry characteristics, SI participation, 

and academic achievement. Additionally, new affective characteristics and learning 
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environment variables will be included to more precisely describe the effects of SI on 

student learning outcomes.    

New Theoretical Frameworks in SI research 

The qualitative work of Lundeberg (1990) and Lundeberg and Moch (1995) 

highlight the cognitive benefits students acquire when they participate in the SI 

program. Since these studies, and other anecdotal evidence, the construct of self-

efficacy under Bandura‘s Social Cognitive Theory has been recognized as an 

important theory to explain how the SI model promotes student learning. Bandura‘s 

(1977) work is related to social constructivism previously identified in the SI model 

but broadens the theoretical perspectives. An important concept of Bandura is his 

model of triadic reciprocal determinism. Similar to constructivist perspectives, this 

model within Social Cognitive Theory postulates that behavior, cognitive factors such 

as motivation and self-efficacy, and the environment come together to influence 

learning outcomes in an iterative, continuous three-point loop (Arendale, 1993; 

Bandura, 1977).   

Self-efficacy is the ―…beliefs in one‘s capability to organize and execute the 

courses of action required to manage prospective situations‖ (Bandura, 1997). 

Additionally, the construct of self-efficacy is contextually and task specific and can be 

enhanced via mastery and vicarious experiences by modeling (Bandura, 2001; Pajares, 

1996b; Schunk, 1981). Per Bandura (1989), modeling has a number of effects that 

may ―…foster acquistition of new competencies, cognitive skills, and behavior 

patterns‖ and ―…serve as social prompts that actuate and channel behavior in social 
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transactions‖ (page 23). While Bandura was specifically referring to learning in 

younger children, intellectual development continues into adulthood and, thus, has 

been incorporated into the interpretation of SI effects. This is especially true as SI is a 

social learning atmosphere where the SI leader models positive academic behaviors. 

Additionally, because the SI model stipulates collaborative and active learning, 

students are given a chance to practice new knowledge based skills with other peers 

thus potentially increasing their academic self-efficacy (Arendale, 1993). 

It is generally believed that college students who have high self-efficacy 

beliefs will perform better academically. There is a body of research to support the 

claim that high self-efficacy beliefs result in higher levels of academic achievement 

mostly in K-12 (especially secondary) environments and less so in college settings 

(Andrew, 1998; Lent, 1984; Pajares, 1996b; Schunk, 1991; Witt-Rose, 2003). While 

literature in the area of college science achievement and self-efficacy are limited, there 

is some evidence to point toward this same relationship in higher education. Lent, 

Brown, and Larkin (1984) report that if a student‘s perceived self-efficacy for 

educational requirements is high, these students also demonstrated higher grades and 

persistence in science and engineering majors. They adapted a career self-efficacy 

instrument created by Betz and Hackett (1981) and tested the instrument showing high 

stability, internal consistency, and interrelatedness.  

Smist (1993) developed and tested the Science Self-Efficacy Questionnaire 

(SSEQ) and administered it to students in college general chemistry and anatomy and 

physiology courses that measured student perceived self-efficacy in biology, 

chemistry, and physics. She found a correlation with chemistry self-efficacy and 
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achievement only and not in the other science domains. A study of first-year nursing 

majors by Andrew (1998) demonstrated a positive relationship of self-efficacy in 

science academic achievement. In this study, she developed a multiple subject Self-

Efficacy Scale for Science where its predictive relationship with physical science 

achievement was 24% and 18.5% for bioscience performance. Contrary to these 

results, an Australian study by Zeegers (2004) of first-year and third-year college 

students enrolled in chemistry and biology courses showed no direct effects of self-

efficacy on academic achievement in a path analysis of this and five other student 

variables, such as previous academic achievement. However, unlike the previous work 

discussed, he employed a generalized instrument—the Self-Efficacy of Academic 

Skills. 

More importantly, as Bandura theorized, self-efficacy beliefs are highly 

context specific and relationships between this affective domain and academic 

achievement may not be appropriately measured by generalized instruments. Bandura 

(1996) and Pajares (1996a) have conjectured that domain-specific instruments will 

result in more accurate data and that broader instruments may not be suitable to 

measure self-efficacy for specific disciplines. Using domain-specific (i.e., science 

related) questionnaire instruments, studies appear to be more likely to demonstrate 

positive effects of self-efficacy on achievement. A variety of domain-specific 

instruments in biology, chemistry, and physics are emerging in the literature ranging 

in their context specificity and continue to show the important relationship between 

self-efficacy beliefs and student outcomes (Baldwin, Ebert-May, & Burns, 1999; Fencl 

& Scheel, 2005; Witt-Rose, 2003). Interestingly, other relationships emerge such as 
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the importance of collaborative learning on increasing student self-efficacy (Fencl & 

Scheel).  

 

Of particular interest in this study, Glynn et al. (2007) used a domain-specific, 

yet adaptable, instrument for nonscience majors learning in a required biology course 

designed for these students, as originally described in 2006 (Glynn & Koballa, 2006). 

The Science Motivation Questionnaire (SMQ) was significantly correlated to 

academic achievement in this study. The theoretical basis for the development of this 

instrument is strongly rooted in a social-cognitive framework of Bandura.  

Much like Bandura‘s triadic reciprocal determinism model, the authors posit a model 

for science learning as seen above in Figure 2.1. 

The instrument measures six constructs—including intrinsic motivation, 

extrinsic motivation, goal orientation, self-determination, self-efficacy, and anxiety—

and were measured on a scale with responses to never, rarely, sometime, usually, and 

always are indicated by the student (Glynn & Koballa, 2006). Intrinsic and extrinsic 

motivation measures whether a student learns science for intrinsic (i.e., they enjoy the 

process or satisfy their curiosity for the natural world) or extrinsic (i.e., a good grade 

or better job). Goal orientation may reflect a student‘s learning goal where they enjoy 

Figure 2.1: Model of Bandura‘s triadic reciprocal 

determinism (Glynn & Koballa 2006) 
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meeting the challenge and gaining mastery versus performance-oriented goals 

revolving around social status. Self-determination will measure whether a student feels 

they have some control over their educational activities and anxiety where moderate 

levels often reflect the best prepared students. And of course, self-efficacy relates to 

Bandura‘s Social Cognitive Theory discussed previously in this chapter. Questions 

specific to self-efficacy were phrased in the general form as: ―I believe I can master 

the knowledge and skills in the science course‖ and ―I am confident I will do well on 

the science tests.‖ In the overall analysis, the researchers employed path analysis to 

test their hypothesis model of motivation to learn science and found that overall the 

SMQ had a very strong correlation to their science GPA in the course.  

SI and Self-Efficacy 

 Interestingly, the theoretical constructs within affective domains and their 

relationship to SI was not first investigated until almost a decade after seminal work 

by Blanc et al. in 1983. Visor et al. (1992) examined several non-cognitive aspects, 

locus of control, self-efficacy, and self-esteem and compared them in a pre- and 

posttest among SI participants and nonparticipants enrolled in an introductory 

psychology course. They used several previously tested instruments for each measure: 

the Rotter‘s I/E Scale for locus of control, the Self-Efficacy Scale (SES), and the 

Index of Self-Esteem (ISE). ANOVA analysis of these constructs on three groups of 

students—nonparticipant (never attended SI sessions), occasional participants 

(attended 1-3 sessions), and regular participants (attended >4 sessions)—found that 

regular SI participants initially demonstrated greater locus of control, greater self-
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efficacy, and higher self-esteem. However, there were no positive effects for SI 

participant groups in any of these areas. Most notable, self-efficacy for regular 

participants significantly decreased from pre- to posttest. They interpreted this as 

students becoming more aware of the high expectations of college learning and 

reevaluated their thinking as a result.  

Since Visor et al. (1992), five other studies have been done in this area. Fisher 

(1997) measured student self-efficacy in a psychology course using the Motivated 

Strategies for Learning Questionnaire (MSLQ) measuring the constructs of 

intrinsic/extrinsic motivation, task value, self-efficacy, anxiety, and control of learning 

similar to the SMQ yet not specific to any academic domain. Interestingly, he found 

no relation of self-efficacy changes with SI participating and nonparticipating students 

and no increases in academic achievement. Yet, the acknowledged limitations of this 

study include the admission that the course is not traditionally as difficult as other 

science courses and not all students who took the pretest exam also took the posttest 

exam used to determine performance for this study. On the contrary, Belzer et al. 

(2003) measured zoology student responses to the MSLQ and found that students who 

participated in a concepts course (a modified version of the SI model) increased in 

their overall motivation versus their nonparticipant counterparts. However, their 

overall performance as measured by a content test was not evident between groups. 

Mack (2007) also employed the MSLQ in biology and chemistry. She found increases 

in academic achievement for SI-participating students as compared to nonparticipants 

as revealed by final course grades. No difference in motivation was noted between the 

groups; however, overall motivation declined from pre- to posttest. Unfortunately, 
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self-efficacy as a single construct was not addressed in this study, although it is a 

component of the MSQL. 

 McGee (2005) used the MSLQ to address motivational variables and whether 

it predicted SI participation and engagement. This was a large study of eight courses 

with more than 2,000 student respondents in the data set. He found that extrinsic 

motivation, organization, academic self-efficacy, control beliefs, help-seeking, and 

peer learning were the scales which best predicted SI engagement. Here, too, SI 

participants demonstrated higher final course grades as compared to the nonparticipant 

group. Garcia (2006) examined the effects of the SI program in anatomy and 

physiology courses offered at a community college. In this analysis, the Study 

Behavior Inventory (SBI) was used where self-esteem is one factor of study behavior. 

She found no differences between those students who received SI support and those 

who did not for any constructs of the SBI or final examination scores.  

 What is notable in these studies of SI and self-efficacy is the use of highly 

general quantitative instruments and, as discussed previously, may not be suitable for 

science specific domains. Additionally, the results and uses of these data analyses did 

not reveal any useful patterns in SI implementation and effectiveness as it relates to 

self-efficacy. In the research study proposed, the domain-specific SMQ will be used to 

measure self-efficacy and relate this to academic achievement in college science.  

However, what becomes apparent as a missing link to understanding the 

impact of self-efficacy on SI participation and/or academic achievement is some 

measure of the learning environment. In Bandura‘s model of triadic reciprocal 

determinism we see ―situation‖ as an important point in these relationships. Bandura 
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(1989) notes, ―In this model of reciprocal causation, behavior, cognition and other 

personal factors, and environmental influences all operate as interacting determinants 

that influence each other bidirectionally‖ (page 2). The environment as a key 

component of student learning is also noted in social constructivism of Piaget and 

Vygotsky. Thus, the learning environment of SI should be measured as an important 

aspect to determine the effectiveness of the model on outcomes. 

Learning Environment as a Theoretical Framework 

Classroom learning environment research is an active and growing field since 

its inception 40 years ago. Pioneers Herbert Walberg and Rudolf Moos helped define 

this field as part of the Harvard Project Physics in 1968 (Fraser, 1989). As part of 

Moos‘s (1980) research, he developed the Classroom Environment Scale (CES) in 

which he identified three major dimensions: relationship, personal growth or goal 

orientation, and system maintenance and change. Each domain is identified by 

subscales where relationship is related to involvement, affiliation, and teacher support; 

personal growth is related to task orientation and competition; and system change to 

order, rule clarity, teacher control, and innovation. The CES and Moos‘s work remain 

as the cornerstone in development of research instruments designed to measure the 

learning environment and there are currently eight well-validated instruments in 

primary and secondary schools widely available (Fraser).  

 This area of research, like self-efficacy, is dominated by studies of K-12 

classrooms. A large meta-analysis of primary and secondary learning environments 

across four countries has shown that higher student achievement coincides with 
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environments that were perceived by students as organized and goal directed (Haertel, 

Walberg, & Haertel, 1981). In terms of K-12 science classroom environments, Fraser 

(1989) reviewed research and consistently found highly significant correlations 

between the environment and science learning outcomes, such as enjoyment and 

adoption of scientific attitudes.  

 Again, much less research has been done in the context of higher education 

setting to measure student perceptions of the classroom environment. However, in 

1986, Treagust and Fraser developed the College and University Classroom 

Environment Inventory (CUCEI) to meet the needs of higher education environment 

researcher. Following Moos‘s classification, the scales in this instrument are 

personalization, involvement, student cohesiveness and satisfaction within the 

relationship domain, task orientation in the personal development domain, and 

innovation and individualization in the system maintenance domain. Validation of this 

instrument was done by administering the questionnaire to undergraduate students in 

education, biology, mathematics, communications, and psychology in Australian and 

U.S. institutions. They were able to demonstrate high internal consistency, reliability, 

and discriminant validity of the CUCEI. They also researched the learning 

environment variables as they related to student satisfaction and locus of control. 

Satisfaction was correlated to all scales and locus of control to student cohesiveness 

and task orientation.  

Assessing the learning environment of Supplemental Instruction is one of the 

important features of this proposed research study and will be the first published report 

on this measure in the body of SI literature. The CUCEI will be a valuable tool as one 
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of the few validated collegiate atmosphere instruments. The scales in this instrument 

are aligned with constructivist principles and thus the description of SI environment 

will be assessed for its association to this theoretical base.  

There are several implications from the research using questionnaire 

instruments in assessing higher education learning environments. Student perceptions 

of the environment are implicated in influencing student learning and behavior. Thus, 

like K-12 studies, we may find that positively viewed learning environments will 

increase student success in science disciplines. Additionally, a link between learning 

environment and self-efficacy has been demonstrated in an Australian study of 

secondary science classrooms where student perceptions of the environment are 

positive predictors on efficacy and attitudes to science (Dorman, Fisher, & Waldrip, 

2002). Similarly, collaborative learning and self-efficacy were strongly correlated in a 

college science classroom as demonstrated by Fencl and Scheel (2005).  

Conclusion 

In this review, several themes have emerged and are used to formulate the 

basic premise of this research proposal. In simple terms, constructivism is 

collaborative learning, collaborative learning increases self-efficacy, and self-efficacy 

increases student achievement. Supplemental Instruction is a constructivist, 

collaborative learning environment and, therefore, student participants should show 

increases in self-efficacy and achievement versus their non-SI counterparts.   

The inclusion of both measures of self-efficacy and learning environments will 

result in data examining potential relationships between affective variables, student 
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characteristics, and science course achievement in the quantitative analysis. Further 

exploration includes a qualitative investigation in order to enrich the description of 

student perceptions. Without considering the academic intervention of SI, this would 

provide a new perspective to science learning in higher education. However, this 

proposed research will also provide a new lens to descriptions of the effectiveness of 

SI on student achievement and persistence in science majors. 
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CHAPTER 3 

Methods Overview 

This study‘s aim was to assess the Supplemental Instruction (SI) program in 

science at a small, public 4-year higher education institution—California State 

University, San Marcos (CSUSM)—in order to determine its effectiveness on student 

learning outcomes and congruence to the theoretical frameworks from which it is 

modeled. As discussed in Chapters 1 and 2, the model of SI was developed in line 

with the social learning theories of Vygotsky and Piaget. I explored these issues of 

student perceptions of the learning environment and effects on their self-efficacy using 

primarily quantitative data where mixed-methods were applied to a portion of the 

overall research design. The theoretical frameworks include Bandura‘s Social 

Cognitive Theory and learning environment research perspectives to explore multiple 

areas on the effects of SI.  

A mixed-methods approach toward understanding student perspectives of their 

classroom and SI learning environment was used in order to examine overlapping data 

results from the quantitative and qualitative data in an elaborative or complementarity 

function (Greene, 1989; Miles & Huberman, 1994; Rossman & Wilson, 1985). This 

design is especially important in an area of SI research that has not previously been 

explored in order to increase knowledge gains on the function and effects of this 

alternative learning environment. Elaboration or complementarity design specifically 

looks to enrich data sources from both the quantitative and qualitative as a means to 

explore single or overlapping phenomena (Greene, 1989; Rossman & Wilson, 1985). 
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This allows for a synergistic approach in data analysis where in the case of this 

research, student perceptions and voices will be heard in survey answers and in words 

to elaborate how they feel SI works for them. This strategy is essential in a vastly 

underexplored examination of the learning environment of SI and its associated 

classroom coupled with self-efficacy variables as part of the overall research design. 

Importantly, this study also coincides with a call for additional research on student 

views and experiences from the administrative personnel of the International Center 

for Supplemental Instruction at the University of Missouri, Kansas City (Stone, 

Jacobs, & Hayes, 2007). 

Research Questions and Hypotheses 

In order to explore the alternative learning environment SI provides and how 

this may impact student achievement and self-efficacy in undergraduate science 

courses, I used survey tools and focus groups interviews to answer four research 

questions (RQ) and their associated null and alternative hypotheses (H): 

RQ1: Do SI participating students have higher levels of academic success than 

non-SI students? 

H: Students who participate in SI will have higher final course grades 

than student who do not participate in SI. 

H0: No differences in final course grades will be evident between SI 

participating and nonparticipating students. 

RQ2: Are there affective benefits, such as increases in academic self-efficacy 

and motivation, to the student who participates in SI sessions? 
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H: Students who participate in SI will have higher levels of academic 

self-efficacy and motivation over the course of the semester than do 

non-SI participants. 

H0: No differences in affective variables over the course of the semester 

will be detected between SI participating and nonparticipating students. 

RQ3: Do students perceive the classroom learning environment differently 

than the SI session environment? 

H: The SI environment will be perceived by students to more closely 

resemble a constructivist learning environment as compared to its 

corresponding lecture-based course. 

H0: Students will not perceive the SI learning environment differently 

than the classroom. 

H0: Students will not perceive the SI learning environment as more 

constructivist than the classroom. 

RQ4: Are the SI learning environment and increases in affective factors 

correlated to academic success?  

H: Affective factors and learning environment characteristics will 

influence final grades. 

H0:  Affective factors such as self-efficacy and learning environment 

characteristics will not influence final grades. 
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Research Site 

The study was undertaken at California State University, San Marcos 

(CSUSM) and was approved by the Institutional Review Board. CSUSM is a 20–year-

old university within the CSU system of 23 campuses. CSUSM houses four colleges: 

College of Arts and Science, College of Business, College of Education, and School of 

Nursing. Annual student enrollment for the last 10 years has grown from an average of 

6,500 students to 8,700 (as of 2008-2009). The largest college at CSUSM is the 

College of Arts and Sciences (CoAS) with approximately 5,800 of the total student 

population. CoAS currently offers 23 undergraduate degrees and eight master‘s degree 

programs. All courses targeted in this study are within CoAS and were considered 

historically difficult science courses (high failure rates ≥30%). The seven science 

courses are listed below and have received SI support for every course offering since 

2003:  

o Biology 

 Introduction to Cellular and Molecular Biology 

 Experimental Design and Statistical Analysis 

 Genetics 

o Chemistry 

 Organic Chemistry, 1
st
 semester 

 Organic Chemistry, 2
nd

 semester 

o Physics 

 Physics for the Biological Sciences I 

o Psychology 

 BioPscyhology 
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Participants 

The college students in this study are over the age of 18 and returned signed 

consents to participate. The racial/ethnic composition of the students is 2% Native 

American, 2% African American, 8% Filipino/Pacific Islander, 9% Asian, 23% 

Latino, 44% white, and 10% other/unknown. This composition closely resembles the 

overall student population at CSUSM where current (2006) census indicates 37.9% 

minority, 48.8% white, 2.9% non-U.S. citizen, and 10.5% unknown. Of all available 

355 students, 248 returned signed consent forms, filled out surveys, and could be 

matched with a final grade in the course and other demographic data.  

Quantitative Sampling 

All students over the age of 18 and enrolled in the identified 7 science courses 

listed above were invited to participate in the study. In this sense, it is purposeful 

sampling as these students are representative of a particular type of student; that is, 

undergraduate students enrolled in science courses supported by SI services (Teddlie 

& Yu, 2007). The initial instrument, the Science Motivation Questionnaire (SMQ), 

was used as a pre-survey designed to measure initial academic self-efficacy and 

motivation scheduled to take place on (or very near) the first day of lecture class 

(Appendix A). All students were also asked to fill out a post-SMQ survey regarding 

academic efficacy, as well as a separate questionnaire regarding the learning 

environment of the course, a slightly modified version of the College and University 

Classroom Environment Inventory (CUCEI) (Fraser et al., 1987) (Appendix B). 

Simultaneously, students who voluntarily participated in the SI program during the 
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course of the semester were asked to fill out an additional learning environment 

questionnaire, the CUCEI, modified to relate to the SI session and not classroom 

(Appendix C). Students were given a consent form and informed there were no 

consequences if they declined to participate.  

Questionnaire Instrument 

Participants in this study provided responses to a modified College and 

University Classroom Environment Inventory (CUCEI) in order to determine their 

perceptions of their learning environment (Appendix B). This instrument has been 

validated in higher education settings and was used to assess both the college course 

and the SI learning environments (Fraser & Treagust, 1986; Fraser, et al., 1987). The 

development of this instrument was in response to an abundance of primary and 

secondary school measures that did not necessarily apply in higher education. Keeping 

these measures in mind, the CUCEI was designed with Moos‘s social climate 

dimensions of relationships, personal development, and system maintenance (Fraser, 

et al., 1987; Moos, 1973). In 2000, Nair and Fisher validated a modified CUCEI that 

included the original constructs of personalization, student cohesiveness, task 

orientation, innovation, and individualization but replaced the involvement and 

satisfaction scales with two new ones; cooperation and equity. This form of the 

CUCEI was adapted for this study. However, the construct of task orientation was 

removed because this area regarding clarity in assignments/homework was not of 

interest or appropriate for comparison of classroom and SI sessions. The final CUCEI 

used in this research contained 42 items with responses on a five-point Likert scale 

ranging from Almost Never to Almost Always (Appendix C). The final modification 
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included replacing the words instructor and class with SI leader and sessions in order 

to apply this instrument toward measuring the classroom and SI environment 

(Appendix C). 

Two additional questionnaires were administered in order to measure student 

affective variables of motivation, relevance, responsibility for learning, anxiety, and 

self-efficacy using the Science Motivation Questionnaire (SMQ) developed by Glynn 

and Koballa (2006) (Appendix A). This instrument was originally devised for 

undergraduate non-science majors and domain specific for use in biology, chemistry, 

and physics. The general SMQ asks questions such as ―I find learning the science 

interesting‖ where students respond on a five-point scale from Never to Always. The 

authors note that replacing the science with biology, chemistry, or physics are 

acceptable adaptations to this validated measure (Glynn, et al., 2007; Glynn, 

Taasoobshirazi, & Brickman, 2009). In addition to survey responses, additional data 

were gathered including SAT scores (when available), cumulative GPA earned at 

CSUSM, race/ethnicity designation, attendance records from all SI sessions, and final 

course grade for each course under study. All quantitative data collection variables are 

listed in Table 3.1.  
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Table 3.1: Quantitative Data Sources and Description   

 

Variable Source Description 

 

CUCEI 

Personalization 

 

Extent of opportunities for individual students to 

interact with the instructor and on concern for 

students‘ personal welfare. 

Innovation Extent to which the instructor plans new, unusual 

activities; teaching techniques; and assignments. 

Student 

Cohesiveness 

Extent to which students know, help, and are friendly 

toward each other. 

Individualization Extent to which students are allowed to make 

decisions and are treated differently according to 

ability, interests, and rate of working. 

Cooperation Extent to which students cooperate rather than 

compete with one another on learning tasks. 

Equity Extent to which students are treated equally by the 

teacher. 

SMQ  

Intrinsic Motivation Learning science motivated by internal factors of 

student. 

Extrinsic Motivation Learning science motivated by grades or goals of 

student. 

Relevance Learning science related to personal goals of the 

student. 

Responsibility Learning science is a function of students efforts 

Confidence Learning science relates to students feelings of 

being able to perform well. 

Anxiety Learning science is worrisome and challenging to 

student. 

Demographic SAT scores, race/ethnicity, cumulative GPA at 

CSUSM, final grades in the 7 science courses. 

SI participation Attendance records from SI sessions from 7 science 

courses. 

  

Scale Reliability, Correlations, and Data Reduction 

The CUCEI and SMQ instruments have been validated in other studies (Fraser 

& Treagust, 1986; Glynn & Koballa, 2006; Glynn et al., 2007; Glynn et al., 2009; Nair 
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& Fisher 1999). However, given the modifications used in this study, it was 

appropriate to reevaluate the reliability and consistency of the scales. This is especially 

important as not only were minor wording modifications done to both the CUCEI and 

SMQ, these were also utilized twice for comparisons. Specifically, the CUCEI was 

utilized to measure learning environment constructs for both the classroom and SI 

sessions and the SMQ was used as a pre- and post-measure (or repeated) of student 

affective characteristics. Thus, this represents a unique situation requiring a recheck of 

validation and data reduction using principal component analysis. All respondent and 

demographic data were entered into SPSS 17.0 for all statistical analyses.  

Reliability of the CUCEI for both the classroom and SI environments was 

similar for all constructs except Cohesiveness and is detailed in Table 3.2. More 

variability was observed for Cronbach‘s reliability measures for the pre- and post-

SMQ and is also listed in Table 3.2. While most factors of the CUCEI for the 

classroom and SI were above the lowest cutoff value of 0.6 (at this level all items are 

said to measure a single construct), the individualization factor from the class CUCEI 

and cohesiveness factor from the SI CUCEI were very low with alpha coefficients of 

0.5 and 0.270 respectively. Similarly, the pre- and post-SMQ factors mostly loaded 

above the 0.600 level except for external motivation for both the pre- and post-SMQ at 

0.585 and 0.339 respectively and the factors of responsibility loaded at 0.563 in the 

pre-SMQ and confidence loading at 0.597 for the post-SMQ. This prompted further 

investigation with principal components analysis (PCA) to determine underlying 

structure within the factors for each instrument and results are fully reported in 

Appendix K. 
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Table 3.2: Reliability statistics for survey constructs. 

CUCEI Constructs 

Classroom CUCEI 

Cronbach‘s Alpha Mean 

SI CUCEI 

Cronbach‘s alpha Mean 

Personalization 0.887 3.87 0.828 3.90 

Innovation 0.684 2.84 0.600 3.32 

Cohesiveness 0.804 3.22 0.270 2.93 

Cooperation 0.938 3.60 0.918 4.04 

Individualization 0.500 2.81 0.696 3.49 

Equity 0.922 4.20 0.905 4.59 

SMQ constructs 

Pre-SMQ 

Cronbach‘s alpha 

Mean 

Post-SMQ 

Cronbach‘s alpha 

Mean 

Internal Motivation 0.802 3.66 0.629 3.53 

External Motivation 0.585 4.16 0.339 3.93 

Relevance 0.909 3.64 0.813 3.42 

Anxiety 0.836 3.46 0.811 3.44 

Responsibility 0.563 4.02 0.728 3.76 

Confidence 0.873 3.88 0.597 3.49 

 

Inspection of the correlation matrix among all items of the classroom, SI CUCEI, and 

pre- and post-SMQ varied widely from negative values of approximately -0.3 to upper 

values of 0.8; however, all KMO measures were 0.8 and above with significant 

(p<0.001) Bartlett‘s test values indicating appropriateness for factor analysis. Results 

of the factor analysis, including varimax rotation of the instruments, revealed 
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underlying structures and eliminated some factors from future analyses based on their 

poor loading capability. Fortunately, the structures for both the class and SI CUCEI 

were identical, as were the pre- and post-SMQ‘s, which is perhaps suggestive of how 

these instruments performed in the specific capacity of my study.  

The final components for the CUCEI loaded into four areas with eigenvalues 

above 1 and were cooperative with all original 7-question items, personalization with 

6 items retained, innovation with 5 items, and cohesiveness with 4 items. Together 

these items explained 65% (class) and 67% (SI) of the variance. The components for 

the SMQ also loaded into four areas: anxiety, responsibility, confidence, and a new 

component termed relevance, which cross-loaded with items from external motivation. 

For anxiety, all 5 questions items were retained—responsibility 3 and confidence 3. 

The new relevance category is comprised of all original 5-question items from 

relevance, in addition to 2 items from external motivation, for a total of 7 items. 

Again, this structure was exactly the same for the pre- and post-SMQ with 71% and 

67% variance explained, respectively.  

Structural Equation Modeling 

Structural Equation Modeling (SEM) is a statistical technique within the 

General Linear Model umbrella that combines confirmatory factor analysis and 

multivariate regression in a path analytic model (Byrne, 2001; Klem, 2000; Lei & Wu, 

2007; Thompson 2000; Weston & Gore 2006). SEM is widely used in the social 

sciences for a number of reasons, such as its flexibility, intuitive graphical model 

representation, ability to measure correlations among multiple variables 

simultaneously, examine mediating effects of variables, and imply causality in a 
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model; although this last point should be viewed cautiously when interpreting models 

(Byrne 2001; Klem; Lei & Wu, 2000; Thompson, 2000). The variables within an SEM 

are viewed either as directly observable, and are termed indicators (rectangles in the 

visual model), or as latent variables—which are considered unobservable but are 

comprised of a set of observed variables considered latent factors (ellipses or circles in 

the visual model). A researcher using SEM posits the relationships among these 

variables within a model by drawing arrows between them in a directional (one-

headed arrow) or non-directional (two-headed arrow) path. These variables also are 

either independent (exogenous) or dependent (endogenous). A posited model is 

evaluated based on goodness of fit of the model to the data, estimation of the 

parameters (indicated by arrow paths), and errors associated with the estimated value. 

Model re-specification or adjustment is often done to build the most parsimonious and 

best fitting final SEM. However, it is also recommended when building SEM models 

that researchers should ground the model in theory, build and test measurement 

models prior to full causal modeling, and build multiple initial models for testing and 

comparison.  

I am applying SEM in order to fully examine research questions 2 and 4 in this 

study using the program Amos v. 18. Recall, research question 2 states: Are there 

affective benefits, such as increases in academic self-efficacy and motivation, to the 

student who participate in SI sessions? While other evaluation methods are being 

applied to this question, I am proposing to examine the potential mediating affects of 

SI attendance on the four student affective characteristics indicated as the best 

constructs from the SMQ (see factor analysis above) of anxiety, confidence, 
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responsibility for learning, and relevance. The measurement model of the SMQ, both 

pre- and post-, are aligned to the principals component factory analysis and indicated 

strong correlations (standardized regression weights of 0.604 and above) of the 

indicators to the latent constructs and low covariance values (below 0.2) between 

latents, except a small-to-moderate covariance (-0.374 pre-SMQ, and -0.282 post-

SMQ) between anxiety and confidence (not shown). Thus, the full proposed SEM 

model for this question is given in Figure 3.1, where initial measures of anxiety, 

responsibility, confidence, and relevance are exogenous latent variables only; post-

measures of anxiety, responsibility, confidence, and relevance are endogenous latent 

variables; and SI attendance is an observed mediating variable. 

Research question 4 states: Are the SI learning environment and increases in 

affective factors correlated to academic success? This question will be examined 

primarily through SEM and addresses the influences of student affective variables, SI 

attendance, and learning environment variables of the classroom and SI sessions. The 

measurement models for the two versions of the CUCEI indicated that two questions 

did not fit to the measure of innovation and cohesiveness and both were removed. The 

modified measurement model indicated high regression weights above 0.6 with small 

to moderate covariances between cooperation and personalization (0.305), cooperation 

and cohesiveness (0.499), and innovation and personalization (0.548) for the class 

CUCEI. Small-to-moderate covariances were also seen in the SI CUCEI for 

innovation and personalization (0.339) and cooperation and innovation (0.342). Prior
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Figure 3.1: Hypothesized structural equation model (SEM) to determine relationships 

among student affective characteristics pre- and post- semester and whether SI 

attendance mediates changes in these constructs. 
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Figure 3.2: Three proposed SEM models measuring the complex interactions among  

student affective characteristics, learning environment variable, SI attendance, 

race/ethnicity, cumulative GPA, and final grades in science course. 
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 to positing full structural equation models, multiple regressions were analyzed with 

final grade in the course as the dependent variable and all other variables of the pre- 

and post-SMQ, class CUCEI, SI CUCEI, demographic, and SI attendance (see Table 

4) to determine the most parsimonious models and results are discussed in Chapter 4. 

Thus, several SEMs are proposed for testing and determination of the best fit and 

variables that affect student academic success as measured by final grade. The first 

SEM model proposed, Model A, is the most complex and attempts to measure many 

interaction effects on almost all original variables. In Model B, variable relationships 

are pared down, with emphasis on what has the greatest impact on student grades in 

the science courses, whereas Model C shows the most parsimonious SEM toward final 

affective characteristics and grades (Figure 3.2).  

Other Statistical Analyses 

Data were entered and analyzed using the Statistical Package for the Social 

Sciences (SPSS), version 17. Numerous statistical tests within the package were 

utilized from tests of normality to ANOVA, and multiple regression and outcomes are 

listed in the results section under each appropriate research question.  

Qualitative Sampling and Participants 

Similar to the quantitative sampling procedures, I purposefully sampled from 

the same pool of undergraduate students enrolled in the seven SI-supported science 

courses (Teddlie & Yu, 2007). Initially, I attempted to hold 6 to 8 focus groups where 

students would be invited to attend course-specific and SI-attendance specific (i.e, did 

they participate or not) interviews. During April 2009, I extended an e-mail invitation 

for all students enrolled in these courses inviting them to participate in a focus group 
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regarding student perceptions of the learning environment for their course. An 

incentive of free pizza was offered for voluntary participation in the focus groups. 

Unfortunately, student responses to this e-mail were very low. I received only enough 

responses to hold two separate focus group interviews with six students each, where 

one group was geared toward Biology courses and one geared towards Physics. 

However, as will be noted in results, often these students attended SI sessions for other 

courses in that semester or previous. In order to garner more qualitative data, I created 

an online survey using the same focus group questions (Appendix D) and 28 more 

student responses were received. All science courses were represented in student 

responses, where 6 responses were from psychology, 7 from chemistry, 9 from 

biology, and 6 from physics.  

Qualitative Data Collection and Analysis 

Qualitative data were audio recorded and transcribed from two focus group 

interviews and responses were downloaded from free response forms within an online 

survey (Appendix D). The same interview questions were asked for both SI 

participating and nonparticipating. However, SI participants were also asked about the 

SI sessions. Questions focused on student perceptions of the learning environment and 

interviews were facilitated by a person outside the SI program and trained in the 

research protocol and in confidentiality. This was necessary to remove any potential 

biases this researcher might bring, be it facial expressions or inadvertent leading 

questions, and to avoid student biases that may result should they recognize my 

position as administrator of the program.  
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Qualitative analysis was accomplished using XSight (QSR International, 

Cambridge, MA) and Excel. Pattern coding was initiated using the conceptual 

framework of learning environment research, specifically those areas addressed from 

the CUCEI questionnaire—personalization, cohesiveness, cooperation, innovation, 

individualization, and equity. Additionally, one of the qualitative questions 

specifically addressed self-efficacy/confidence and this concept became one of the 

coding themes. Thus, coding was accomplished a priori and based on providing 

descriptions and perspectives of the learning environment (Miles & Huberman, 1994; 

pages 50-89). Because the research focused on contrasting and comparing the 

classroom and SI learning environments, the data themes were sub-grouped by these 

two settings.  

I sought to examine student voices to provide insight into what they perceive is 

happening in these learning environments and what activities best exemplify these 

events. Through an iterative process, some codes were collapsed or eliminated and 

reflected the students‘ ability to understand and explain what the question asked. The 

concept of equity was not specifically addressed by students and was poorly prompted, 

and thus was eliminated. The concepts of cooperation and cohesiveness resulted in 

overlapping responses and were collapsed as were individualization and 

personalization. Three additional codes were added: a learning atmosphere code to 

reflect student‘s overall description of their environments, a code regarding student 

participation as indicated by asking questions, and a code reflecting community 

building resulting from participation in SI.    

Data Synthesis: Mixed Methods 
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A mixed methods design was applied towards answering a single research 

question (#3) in the overall study. Following Greene et al. (1989) a mixed methods 

design was used this study toward elaboration or complementarity. Specifically, the 

qualitative data source was used to enrich and explore a single or overlapping 

phenomenon within the quantitative data (Greene 1989; Rossman & Wilson, 1985). 

Because data collected occurred concurrently and is rooted in a conceptual framework 

around learning environments, the overall design is termed ―concurrent 

transformative‖ (Tashakkori & Teddlie, 2002). In this design, the integration of data 

were done in the final interpretation phase of analysis. In this sense, the qualitative 

data were used as an elaborative source to more fully explain the phenomena and 

effects of learning environment on student learning outcomes and this design is 

diagrammed in Figure 3.3. 

Limitations and Significance 

The research proposed here will attempt to explore new relationships within 

the context of a Supplemental Instruction program at the CSUSM campus. However, it 

should be noted that due to the relatively small size of the campus and study, global 

extrapolations should be made with caution. This caveat will potentially be extended 

to interpretation of the quantitative analysis given the smaller number of data points 

available in this study. A potential bias lies in this researcher‘s role as the coordinator 

of the program. 
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This is primarily a concern during qualitative data collection. However, as stated in 

these procedures, another qualified researcher outside of the SI program facilitated the 

focus group interviews as a means to avoid this bias. The purpose here is to inform my 

practice and potentially offer new explanations for how and why the SI program 

―works‖ for students at my campus.  

An ―essential educational experience‖ of any campus is that for each course a 

student takes, the student should master the course material and pass the course with a 

good grade. The specific learning outcomes of the SI program are to: 1) increase 

student grades in the most challenging science courses, 2) decrease the percent Ds, Fs, 

and Ws in the most challenging courses, and 3) improve the study and learning skills 

of students. 

This study provided evidence that SI is effective on the CSUSM campus for 

students enrolled in historically challenging science courses. Many studies have been 

done of other SI programs indicating ―success‖ in the areas of increases in academic 

achievement and persistence. However, what has been overlooked is an examination 

Figure 3.3: Concurrent transformative mixed-methods design where the quantitative 

(QUAN) and qualitative (qual) data were collected in parallel during a single semester. The 

uppercase letters indicate priority to the quantitative data and this served as the conceptual 

framework where the qualitative data were used during the interpretation phase of analysis. 

Data analysis 
Data collection 

QUAN + qual 
Quantitative     Interpret 

      Results 

    

         Qualitative 
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of the SI learning environment. This study specifically addressed this limitation by 

investigating how the integration of the theoretical constructs of learning environment 

and self-efficacy may potentially describe what cognitive benefits students obtain as a 

direct result of participating in the alternative learning environment that SI provides. 

Accordingly, important implications that might account for increases in SI student 

achievement and retention were uncovered.  
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CHAPTER 4 

Results 

Two primary sources of data were gathered for this study, both quantitative 

and qualitative, in order to answer four research questions regarding the effects of the 

Supplemental Instruction program using a number of statistical approaches and is 

summarized in Table 4.1. 

 
Table 4.1: Summary of research questions and analysis methods. 

 

Research Question Hypothesis Data Source Analysis Method 

Do SI participating 

students have higher 

levels of academic success 

than non-SI students? 

Students who participate in 

SI will have higher final 

course grades than student 

who do not participate in 

SI. 

 

Final course 

grades and SI 

attendance 

records 

Independent samples t-test, 

ANOVA 

Are there affective 

benefits, such as increases 

in academic self-efficacy 

and motivation, to the 

students who participate 

in SI sessions as compared 

to non-SI students? 

Students who participate in 

SI will have higher levels of 

academic self-efficacy and 

motivation than do non-SI 

participants. 

 

SMQ (pre and 

post), final 

course grades, SI 

attendance 

records 

Repeated measures one-

way ANOVA, Bivariate 

logistic regression, and 

SEM 

Do students perceive the 

classroom learning 

environment differently 

than the SI session 

environment? 

The SI environment will be 

perceived by students to 

more closely resemble a 

constructivist learning 

environment as compared 

to its corresponding lecture-

based course. 

 

CUCEI for 

classroom and 

SI, qualitative 

focus group 

audio files 

Paired samples t-test, 

qualitative analysis using 

XSight 

Are the SI learning 

environment and 

increases in affective 

factors correlated to 

academic success? 

SI participating students 

will see greater gains in 

academic self-efficacy, 

motivation, and success 

than their non-SI student 

counterparts. 

 

SMQ (pre and 

post), CUCEI 

(classroom and 

SI), student 

characteristics 

(SAT scores, 

CSUSM GPA, 

ethnicity), final 

course grades. 

SEM 
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Data obtained included two questionnaire instruments of student responses to 

the Science Motivation Questionnaire (SMQ), which measures affective 

characteristics of motivation, responsibility, relevance, anxiety, and self-efficacy, as 

well as the College and University Classroom Environment Inventory (CUCEI) to 

measure student perceptions of the learning environment in personalization, 

innovation, cohesiveness, cooperation, individualization, and equity. Additionally, 

qualitative focus group interview responses, final course grades, SAT scores, CSUSM 

GPA, and race/ethnicity were gathered in the study. All quantitative data were entered 

into SPSS v. 17.0 for statistical analyses in order to assess the effectiveness of SI in 

raising student grades and analysis of student responses to questionnaires with the 

exception of Structural Equation Modeling (SEM) and focus group interview data. 

SEM analysis was performed using a SPSS related program, AMOS v. 16.0 and 

qualitative analysis of interview data on XSight (QSR International, Cambridge, MA) 

and Excel. 

Participants 

Seven science courses were targeted for this study: Introduction to Cellular and 

Molecular Biology, Experimental Design and Statistical Analysis, Genetics, 

Biopsychology, Organic Chemistry 1, Organic Chemistry 2, and Physics for the 

Biological Sciences I. Total enrollment in these courses was 341 students and all 

students were invited to participate. Of these, 248 students returned signed release 

forms and are included in the quantitative analyses. All enrolled students were also 

invited to participate in focus group interviews. This response rate was low, where 
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only 12 students actually attended one of two focus group interviews. Alternatively, 

students who could not attend a focus group were asked to respond to an online survey 

with the same questions used in the focus group and 29 students responded via this 

forum. 

Preliminary Data Analysis 

 The data file was checked for errors and outliers using descriptive statistics and 

checks for normality that underlie assumptions in techniques under the heading of 

General Linear Model. The study sample size of 248 exceeds the recommended 

minimum for 11 independent variables (IVs) chosen for analysis (see below) where 

N≥50 +8m; where m is the number of IVs and the ratio of cases to IVs is >20:1 

(Mueller, 1997).  

Normality of the dependent variable for final grade revealed some deviation 

from normal (<0.01 Shapiro-Wilk statistic) but within reasonable limits where kurtosis 

and skew are within +1.0 to -1.0 and examination of histogram, stem-and-leaf, normal 

Q-Q, normal detrended Q-Q plots support that the data distribution is reasonably 

normal. Transformation of the variable of final grade did not result in improved 

normality. Multiple regression diagnostics, such as residual scatterplots also indicates 

that assumptions of normality, linearity, and homoscedasticity were approximately 

met.   
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Research Question 1: Do SI participating students have higher levels of academic 

success than non-SI students? 

 There are many reports of Supplemental Instruction programs at other 

universities that show a significant increase in final grade in a course for those 

students who participate in comparison to those students who do not (see Chapter 2). 

While the overall purpose of this study extends beyond this idea, it is important to 

determine whether the participants in this study did indeed achieve higher course 

grades. By independent samples t-test, the mean final course grades for SI participants 

and non-SI participants at four levels were assessed: students who participated in SI at 

least once during the semester versus those who did not, students who participated at 

least three times during the semester and those who did not, students who participated 

in SI at least five times versus those who did not, and finally those students who 

participated in SI at least 10 times versus those who did not. When examining students 

enrolled in all seven courses, results indicate that in order to see a significant (p<0.05, 

N=248) increase in grades, SI participation at a minimum of 5 times for the semester 

was required (Table 4.2). The pass rate of students increased as participation increased 

and was significant only at a participation level of 10 or more session attendance for 

students. However, by independent sample t-tests, no significant differences were 

observed in student preparedness indicators of SAT composite scores, previous 

CSUSM semester GPA, and overall total CSUSM GPA (not including the semester 

under study). Thus, future analyses were all done at the ≥ 5 SI participation level and 

was considered to be the minimum level at which students need in order to gain a 

benefit in academic performance in these science courses. 
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Table 4.2: Mean course grade, SAT composite, previous semester GPA, cumulative CSUSM 

GPA, and pass rate comparisons between students who participated in SI at three levels, 3 or 

more, five or more, and ten or more sessions in a semester and students who do not. 

 

SI participant? 
Mean 

grades 
SAT 

Previous 

semester 

GPA 

CSUSM 

GPA 
% Pass 

>=3 

attend 

No=129 2.1 597.7 3.0 3.0 72.9 

Yes=119 2.3 565.4 2.9 3.0 78.2 

>=5 

attend 

No=142 1.9 595.9 2.6 3.0 71.8 

Yes=106 2.4* 564.0 3.0 3.0 80.2 

>=10 

attend 

No=172 2.1 576.3 2.9 3.0 72.2 

Yes=72 2.5* 595.0 3.0 3.1 83.3* 

*p<0.05, one-tailed independent samples t-test  

 

A course-by-course analysis of grades was also conducted but yielded mix 

results for SI participants at the ≥5 level (Table 4.3). In all but one course, Physics for 

the Biological Sciences I, SI participating students demonstrated higher mean grades 

where statistical significance (one tailed t-test, p<0.05) was reached for only 

Experimental Design, Statistical Analysis, and Organic Chemistry 2 courses. A 

binomial sign test indicates a low probability that six out of seven courses will have 

higher mean grades for SI participants (p=0.0625) and suggests a significant effect of 

SI towards academic achievement. Nonetheless, these results are viewed with caution 

as the number of cases (or n) for each group was relatively low with a mean of 20 for 

each group being compared per class. The decision was made to aggregate data for the 

all courses in order to retain a larger sample size and potentially be able to detect 

correlations in other analyses such as multiple regression and SEM.  
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Figure 4.1: Average grades of SI participating (p) and non-participating (n) students 

disaggregated by course where means are listed in each column. The number of students for 

each grade and category are reported with mean grade, standard deviations (SD) and p-value 

as measured using independent samples t-test. Number of cases for each course and between n 

and p were Intro. Biology n=22, p=13; EDS Biology n=22, p=8; Genetics n=25, p=21; Org. 

Chem I n=15, p=17; Org. Chem II n=27, p=5; Physics for Bio n=16, p=22; BioPsychology 

n=15, p=20.  
 

Another important area of this study includes determination of whether there 

are differential effects for SI on different race/ethnic groups. Specifically, do minority 

groups see greater gains in achievement when participating in SI versus those who do 

not? Firstly, course grades were compared between race/ethnicity groups using a one-
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way ANOVA and no statistical significance was found. Additionally, a two-way 

between groups ANOVA using both type II and type II models indicated no 

significant interaction effect for race/ethnicity and participation in SI. ANOVA tables 

are listed in Appendix N. Nonetheless, as seen in Figure 4.1 final grades were higher 

for participants than non participant for each group and a binomial sign test resulted in 

a significant effect (p=0.0156) for the six groups to all score higher and denotes a low 

probability for this to occur by chance alone.    

  

 
 

Figure 4.2: Comparison of final course grades for each race/ethnic group and between SI 

participants (p) and non-participating students (n). Means are listed in each column. Number 

of cases between each group for n and p were White n=69, p=41; Asian n=8, p=14; 

Filipino/Pacific Islander n=12,  p=9; African-American n=2, p=4; Latino n=33, p=24; and 

Native American n=5, p=0. 

 

 



78 

 

 

 

 

 

Research Question 2: Are there affective benefits, such as increases in academic self-

efficacy and motivation, to the student who participates in SI sessions? 

The research in small-group learning and the work on connecting affective 

variables to outcomes are guiding theoretical principles of this research and guided the 

development of question 2. Small-group learning embrace the constructivist principles 

of active engagement and collaboration between students has been linked to positive 

academic outcomes in grades and persistence and promote higher self-esteem in 

college science (Johnson, Johnson & Smith, 1998; Springer et al., 1999). Similarly, 

Bandura‘s (1977) model extends this idea where the active and collaborative learning 

enables students to have mastery experiences and build self-efficacy towards greater 

academic achievement. These are two important guiding concepts in the development 

and practice of the Supplemental Instruction program and, thus, I seek here to 

understand whether students who participate in SI experience changes in their beliefs 

about how they feel about learning science. I compared SI participating students (≥ 5 

times in the semester) to nonparticipating students in terms of their pre- and post-

measures of anxiety, relevance, responsibility, and confidence using repeated-

measures mixed between and within subjects ANOVA (Appendix O). Figure 4.3 

highlights the results where the only interaction effect of participation is almost 

significant at alpha 0.05 for confidence, where confidence does not decrease as much 

for participants as it does for nonparticipants.
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Figure 4.3: Means for pre(1)- and post(2)-affective variables between SI 

participating (p) and nonparticipating students (n). Means and SD for pre-anxiety; 

n 3.20±0.86, p 3.68±0.82; post-anxiety n 3.32±1.0, p 3.56±0.70. Means and SD for 

pre-confidence; n 3.98±0.80, p 3.74±0.81; post-confidence n 3.34±0.99, p 

3.35±0.83. Means and SD for pre-relevance; n 3.71±0.89, p 3.71±0.83; post-

relevance n 3.36±0.95, p 3.46±0.93. Means and SD for pre-responsibility; n 

4.08±0.62, p 4.21±0.56; post-responsibility n 3.69±0.83, p 3.97±0.65 where an 

interaction effect approaches significance, p=0.059, eta
2
=0.021. 
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The change between pre- and post-measures was significantly different 

(Wilks‘s Lambda test) for relevance (p<0.001, eta
2
=0.148), responsibility (p<0.001, 

eta
2
=0.170), and confidence (p<0.001, eta

2
=0.259) as listed in Appendix O. In 

comparing for differences between groups of participating and nonparticipating 

students, anxiety and responsibility were significantly different as p<0.05 for tests of 

between subjects effects. Results show that confidence, relevance, and responsibility 

drop over the course of the semester for all students; however, the drop for SI-

participating students was not as much and this was potentially due to their SI 

participation. Also, the gaps are widest here between the two groups: anxiety and 

responsibility.  

I also used structural equation modeling to test for mediating effects of SI 

participation on these pre- and post-measures. Chapter 3, Figure 3.1 is the postulated 

model for testing using maximum likelihood estimations and means and intercepts 

were estimated because of missing data. The final model accepted is shown in Figure 

4.4. SEM models with good fit to the data will generally report non-significant Chi-

Square values and other fit indices, such as comparative fit index (CFI) >0.95 and root 

mean square error of approximation (RMSEA) <0.10 with a confidence interval <0.05 

(Byrne, 2001; Weston & Gore, 2006). In the model I have accepted, my indices 

indicate a fair fit to the data. However, the estimated parameters (standardized 

regression weights shown) indicate some significant relationships among variables. 

These estimates indicate that initial measures of affective variables are strongly related 

to post-measures. While, not as strong, SI has a significant relationship with 

responsibility, where 32% of the variance is explained when partially mediated (see 
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Appendix L for a full list of parameter estimates and error variances). 

 

As a final test, I explored the relationship between initial measures of anxiety 

and responsibility on predicting SI attendance using bivariate logistic regression. 

Figure 4.4: Standardized estimates are shown for accepted model of partial mediation for 

SI attendance on responsibility and confidence where * indicates p≤0.05. Fit of model 

χ
2
(621, N=248)=1361.20, p<0.05. CFI=0.839, RMSEA (90% confidence interval) =0.069 

(0.064-0.074) 
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These results are given in Table 4.3 and indicate that SI participation is best predicted 

by anxiety and responsibility. B is the correlation statistic with standard error (S.E.)  of 

B, the degrees of freedom (df), significance of the statistic, and the ratio-change in the 

independent variable and how much change in the dependent variable (ExpB). 

Students with initially higher levels of anxiety and responsibility appear to be the 

students who are more likely to attend SI. Interestingly, while not significant, there is a 

negative correlation of initial confidence to participation where students with higher 

confidence are less likely to attend SI. However, as viewed in Figure 4.3, those 

students who do not attend SI may start with higher confidence levels and lower 

anxiety, but by the end of the semester their confidence has declined and anxiety has 

risen. 

Table 4.3: Results of bivariate logistic regression of initial student affective variables, anxiety, 

relevance, responsibility and confidence to predict SI attendance. 

  B S.E. df Sig. Exp(B) 

Mean of Initial Anxiety .455 .182 1 .012 1.577 

Mean of Initial Relevance .147 .166 1 .374 1.159 

Mean of Initial Responsibility .878 .283 1 .002 2.406 

Mean of Initial Confidence -.294 .221 1 .184 .745 

  

Research Question 3: Do students perceive the classroom learning environment 

differently than the SI session environment? 

Understanding how students perceive the learning environment involved 

coupling both quantitative data from the classroom and SI version of the CUCEI and 

qualitative focus group and online survey responses. My goal is to deepen my 

understanding about how SI is perceived by students. Additionally, I intend to find out 
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if academic environmental factors impact students both for academic goals and for 

community building.  

For quantitative data analyses, I compared the student responses for all 

questions related to cohesiveness, cooperation, innovation, and personalization by 

paired samples t-tests between the classroom and SI environments. In all questions 

related to these constructs, student responses were higher for the SI environment as 

compared to the classroom. Significance (p<0.05) was reached for all measures of 

personalization (6 questions) and cohesiveness (4 questions). Four out of 5 questions 

were significantly higher for innovation but only 1 question out of 7 for cooperation 

was significant. I then compared mean scores for all four constructs between the class 

and SI and found all measures were significantly higher for the SI environment. These 

results are listed in Figure. 4.5. 

 

 
Figure 4.5: Comparison of classroom and SI environment variables using independent 

samples t-test. The mean values are given in each column and all are significantly different at 

p<0.05.  
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Interestingly, while all measures were significantly higher, when we disaggregate the 

data by course, there is some course-to-course variation (Figure 4.6). In almost all 

courses, the measures of SI environment are higher with two notable exceptions—the 

two sections of an identical physics course. What makes this so interesting is that this 

course is the only course taught using problem-based learning (PBL), a well-

recognized cooperative learning strategy. These classes also have the smallest 

enrollments with no more than 24 in each. 

Qualitative data analysis  

In order to explore student perceptions about the classroom and SI learning 

environment, I have gathered qualitative data from focus group interviews and online 

open response questions. The questions posed in both formats were identical and, not 

surprisingly, richer discussions were observed in face-to-face group interviews. I 

explicitly examined data using all constructs of the CUCEI (personalization, 

individualization, cohesiveness, cooperation, innovation, and equity) and the concept 

of self-efficacy. Responses were initially coded accordingly using XSight (QSR 

International, Cambridge, MA). During this process, it was apparent that subheadings 

describing the differential experiences in SI sessions as compared to classroom were 

needed. I also added codes for learning atmosphere characteristics for SI and 

classroom, student participation, and SI effects on student community building. After 

screening this original coding schema with the data, I found that I could combine 

cohesiveness with cooperation, personalization and individualization, and eliminate 

equity as no student responses directly addressed this specific concept (Table 4.4). 
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Total responses were 12 students from focus group interviews, with 6 in each. 

One focus group was centered on biology courses and the other focused on physics. 

Online survey responses were from 6 psychology, 7 chemistry, 9 biology, and 6 

physics students. 

 

 

 

 

Figure 4.6: Learning environment variables of the classroom and SI compared across the 

seven different courses. From right to left BioPsychology, Experimental Design and Statistical 

Analysis, Genetics, Introduction to Cellular and Molecular Biology, Organic Chemistry I, 

Organic Chemistry II, and Physics for the Biological Sciences I. 
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 As noted above, the quantitative data revealed a fairly consistent pattern 

except for the two sections of physics. This course, taught using PBL, reflects a much 

different environment than traditional lecture based courses. Thus, I will initially 

describe the other science courses from biology, chemistry and psychology while 

physics will be presented as a special case.  

Table 4.4: Coding themes, descriptions and examples of qualitative data exemplifying  

the codes. 

Coding Themes Description Setting Example student quotes 

The learning 

atmosphere 

How students 

perceive the overall 

learning environment 

that the instructor/SI 

leader is trying to 

foster 

Class 

It was a lecture. So it is up to the 

student to learn from the lecture, take 

good notes, and ask good questions. It 

was a good learning atmosphere; it 

definitely required motivation from 

the student. 

SI 

SI was very relaxed and goal oriented. 

We knew what we were doing each 

class and did not feel anxious or lost. 

I'm very thankful for this relaxed 

atmosphere. 

Student 

participation 

How students 

perceive the 

environment as open 

and safe for asking 

questions 

Class 

He doesn't have time to go into any 

details or into making everyone 

understand so I think like, in a way, he 

doesn't like entertain a lot of questions 

that's what my impression, cause its 

not like he doesn't want people to learn 

its just that he doesn't have the time… 

SI 

SI was where most students came to 

ask the questions they didn't want to 

ask in class- 

Personalization 

and 

Individualization 

Extent to which the 

instructor/SI leader is 

considered thoughtful 

and attentive 

Class 

I think that the instructor was very 

concerned about my understanding of 

the material because when I would 

talk to him one-on-one, i found out his 

genuinity[sic], but would not have 

known otherwise.‖ 

SI 

The SI leader was concerned 

about our learning…He also 

came in several times on his 

days off to help us prepare for 

an upcoming test. 
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Table 4.4: continued 

Innovation 

The activities in the 

class/SI that help 

student understand 

new and difficult 

concepts 

Class 

So, the professor not only does he 

explain it more than once but he shows 

us animations on websites that help 

explain the process… 

SI 

The SI leader made up little tricks to 

help us memorize information and 

tried to make the subject as enjoyable 

as possible 

Cohesion and 

Cooperation 

Extent to which 

students feel 

connected to each 

other and work with 

each other in the 

course 

Class 

I appreciate that he does allow 

the students to work with each 

other on take-home quizzes… 

So, that was an opportunity 

for interaction, to allow use of 

take-home quizzes. He 

specifies that working together 

is OK as long as you don't 

copy answers. 

SI 

It is more interactive like how they 

mentioned earlier. Yes, they do is kind 

of like push you, not so much force, 

but push you to go up on to the board 

and answer the question and whether it 

is right or wrong it doesn't matter 

because you are there for help and for 

clarification and stuff so it really does 

help that because if you can do 

something hands on. 

Self-efficacy 

How students felt 

about how they 

would perform in the 

course in the 

beginning compared 

to the end of the 

semester 

Class 

I thought I'd do better. The first test 

was really easy to me and I got a 

very high score where most of the 

class failed, but the next test I 

failed. 

SI 

I did think about how well I was going 

to do in this class when I first started. I 

do feel different because as long as 

you attend SI, ask the teacher 

questions, and form study groups, the 

class isn't as bad as I thought it would 

have been 

Community 

building 

Whether students 

were likely to get 

together outside of 

class/SI for studying 

Class No student comments 

SI 

At the same time, also in SI, after that 

the people that we work with in 

groups, sometimes we go study after 

so that kind of helps, too. 
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The learning atmosphere  

The learning environment in classrooms was noted by students as the ―typical‖ 

lecture format. This was not generally viewed negatively but more as matter of fact 

statement. For example, as one student replied, ―The instructor had a typical classroom 

learning environment—she talked, and we listened.‖ This sentiment was echoed by 

another student, ―The environment was one that you would typically expect out of a 

college lecture. No interaction, no joking, matter of fact straight to the point. Which is 

good and bad.‖ This view of the classroom did not extend into a negative perception 

of the professor except in a minority of cases. For many students, the professor was 

viewed positively and they did not appear to equate the difficulty of the content with 

their view. As one student said, ―Prof Smith (pseudonym) definitely wanted to try and 

make it a relaxed environment so people weren‘t too [sic] tense to listen to what she 

was saying. The class was very calm but organized and structured in a way to ensure 

we got all the information.‖  

Alternatively, the SI environment was considered a much more casual 

atmosphere. Students would refer to SI as fun, open, and interactive. For example, 

―Definitely a casual and fun environment. She made jokes and was candid with us and 

talked to us on our level to engage us and show us that we really understand it better 

than we think we do.‖ Despite seeing SI as a fun environment, one student noted the 

inherent structure: ―SI was very relaxed and goal oriented. We knew what we were 

doing each class and did not feel anxious or lost. I‘m very thankful for this relaxed 

atmosphere.‖ This was not an entirely surprising result. SI leaders are students 

themselves and are specifically trained to promote a friendly atmosphere. However, 
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this is an important concept as students seem to behave differently and gain some 

beneficial effects. 

Student participation 

One of the main effects of SI appears to be student willingness to ask questions 

in SI versus the classroom. A number of students are cognizant of the size of the class 

and time constraints and this restricts their tendency to ask questions. One student 

described this as,  

So if everyone in the class who didn't understand the ANOVA the first 

time stopped and said ―would you explain that one again, we never did 

get to it in lecture.‖ I think the students kind of understand that if they 

don‘t understand, it is their responsibility to work harder and study that 

or whatever. They don‘t want to interrupt a class of 50 people if they‘re 

the only one who doesn‘t understand it. 
 

As the quote above mentions, this concept of wasting time extends to student fears of 

gaining unwanted attention. As another student pointed out,  

Well in my calculus class there are almost 100 students and we have a 

big lecture hall, so it‘s really tough to... I sit in the back and if I have a 

question, unless I don‘t know the answer...unless the person I‘m sitting 

by doesn't know the answer, I‘ll raise my hand and ask. Although, I try 

not to because it‘s such a big room. If you... if you even ask a question, 

everyone is going to look at you and pay attention to you. It‘s more 

pressure I guess. 

 

Students indicate openness to questions from the instructor but with mixed results or 

professors wanting to address questions outside of class. One student stated, ―The 

instructor was open to questions, but his style of teaching seemed to discourage 

students from asking. Many times his answers would simply repeat the information 

that we were confused about.‖  While another said, ―Yes, she went over the concept 
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from whatever angle the student needed to understand. If the student still did not 

understand, she would invite to office hours.‖  

The student perceptions of SI and question asking were markedly different. 

Students saw SI as the place to ask questions. For instance, one student remarked, 

―Students seemed more willing to ask questions in SI than in lecture, largely because 

there was enough time during SI for questions.‖ Another student said ―SI was the 

perfect place to ask for questions.‖ They also acknowledged that SI was more 

comfortable for this purpose, as one student indicated, ―…so people are more 

comfortable asking questions because they are not the only ones who are lost.‖ 

Therefore, students appear to understand SI as a place to clarify concepts that they 

learn in class. However, I did note an unintended consequence of SI for two students 

who indicate that they sometimes don‘t ask questions in class because they know they 

will be participating in SI. These students stated that if they didn‘t have SI they would 

potentially behave differently. One of these students was quoted,‖ If I didn‘t have SI I 

would be asking a lot more questions in class. I‘d be a lot more nervous about if 

something went past me, I didn‘t get it, I‘d be a lot more nervous, I‘d be a lot more 

willing to stand up and say ‗Can you say that one more time please?‘‖ I interpreted 

this in three potential ways. These students have become reliant on SI for their 

learning and/or SI has provided them with an opportunity to ―escape‖ feeling 

uncomfortable or intimidated if they ask questions in class. One of these students 

indicated that they would ―spend a lot more time struggling.‖ Another alternative is 

that the students just don‘t know what to ask. As one student put it, ―No. I think it‘s so 

much information at once for me, like if I have a question I‘ll ask it, but in the 
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classroom setting it‘s just so much information at once.‖ My sense is that a 

combination of these effects is at play here with avoidance and lack of understanding 

the material driving this phenomenon. 

Personalization and individualization 

As mentioned, overall students viewed the professors in a positive way. This 

was further explored in responses related to personalization and individualization; or 

whether students believe the professor or SI leader was concerned about their learning 

or was willing to address their individual needs. Offers from professors for students to 

visit office hours was cited by a few students as one way to handle in class questions 

(mentioned above) but also could be viewed as a way for students to gain individual 

attention to their learning needs. As a student put it, ―I have visited the instructor in 

office hours, and the instructor spent a long time giving answers to my questions. This 

made me feel that the instructor was very concerned about my learning in the class.‖ 

This is one way that students appeared to find out that a professor did care about their 

learning. For instance, ―I think that the instructor was very concerned about my 

understanding of the material because when I would talk to him one-on-one, I found 

out his genuinity[sic], but would not have known otherwise.‖ I did notice that there 

was variability from professor to professor where some were viewed by respondents 

much more positively than others and perhaps had to do more with individual 

personalities than anything else. Students seemed to understand and be empathetic 

with the challenges that professors face in this regard. As a student stated:  

We‘re all at a small school, and I don't believe that any of the 

professors are here for no reason, that they don‘t generally want us to 

learn something. They all are passionate about what they‘re teaching 
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and what they study and research themselves. But like I was saying 

before, it‘s just hard to translate it back to that many students and 

everything, so I think it‘s just harder for them. 

 

 SI leaders were viewed as being very concerned about student learning and 

meeting their personal learning needs. Students mentioned how the SI leader would 

respond to them individually by e-mail to answer their questions. Two students 

responded this way, with the first student saying, ―Then she‘ll obviously put her e-

mail up and ask people to e-mail her if they have a problem or whatever with any the 

stuff and they need a solution for it.‖ The second student stated, ―Yea, I e-mail her and 

she will respond right away. She really goes above and beyond.‖ Students also 

perceived this caring for student learning as a group where a student commented, 

The SI leader was concerned about our learning. He would oftentimes 

have practice tests to help us prepare, and showed us the material from 

different perspectives than those that were presented in lecture, so we 

could better understand the material. He also came in several times on 

his days off to help us prepare for an upcoming test. 

 

In some cases, students reflected on the ―parental‖ quality to their relationship with the 

SI leaders. For example, ―I do feel the SI Leader was very concerned with our 

learning. She was very attentive to people and welcomed comments, concerns and 

questions. Not to mention she said she loved us almost every time :).‖ Also, ―Yes, he 

acted like we were his kids. He sent us messages wishing us luck and encouraging us 

to do well.‖ This is an interesting point as the SI leaders are often younger than their 

participants. More commonly, though, the SI leader appeared to care about their 

learning of the material and as one student indicated how their SI leader would say, ―I 

got it wrong, and I don‘t want you guys to get it wrong!‖  
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 There is one caveat to this overall sentiment from students toward SI leaders. 

When SI leaders are not viewed this way they are harshly criticized. Students seem to 

expect the former type of SI leader. For instance, one SI leader from the semester 

under study was not viewed positively from a number of students. Statements ranged 

from uncertain to harsh. One student commented, ―I don‘t know, I just didn‘t like his 

teaching style at all. I find it a lot useful when they pass out like worksheets and 

activities. We never did anything like group to group. He never put us into groups it 

was like he would just talk.‖ Another student was harsher in this statement, saying, ―SI 

leader looked like he hated his job. He sat down and tried to scribble some stuff down 

and wanted everyone to know this stuff beforehand.‖ As an administrator of the 

program, I find this situation particularly difficult because students who attend SI do 

not report these situations often until after the semester is over. However, this is also 

an opportunity to provide a means for students to anonymously provide feedback. As a 

result, I am adding a feedback mechanism to my SI website. 

Innovation 

 The concept of innovation in the classroom is the idea that an instructor will 

try new ways for students to learn. Student responses to this idea were particularly 

sparse for the classroom. However, a student did note, ―So, the professor not only does 

he explain it more than once but he shows us animations on websites that help explain 

the process.‖ The most common cited response from students reflected how professors 

would respond to questions by trying new ways to explain the concept. One student 

thought this approach useful: 
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I guess one thing that...well, I know a lot of professors do and in our 

bio class we do also, is we kind of...our homework is assigned and right 

before the test or when we get our homework back, she‘ll go over it 

problem by problem and everything else. So, that‘s something that kind 

of goes out to everyone cause they were supposed to the homework. 

 

As this comment implies, students are interested in new things potentially happening 

in their classroom and, in response, were often telling me what they wanted versus 

what was really happening. Student responses of this nature included, ―In class we‘ll 

work on one example, and I think we‘ll be really good if he gives us a couple more 

examples and has us go work on that as homework.‖ Another response stated: ―He 

was interested, presented us models and tried to make the class fun, however I feel he 

did not take any time at all to give us examples on how the problems are solved or 

explain the reaction with an example from the book. ―  

 Innovation in SI mostly stemmed from the preparation of study guides and 

worksheets for students to use. One student comment reflected this, ―I like how they 

do worksheets, like they put them up and pass them in class and then they go over the 

worksheets with you and the problems so like that explains it a lot better, and she goes 

on saying also saying ‗If anybody else has questions?‘‖ However, SI innovation often 

branched out into more nontraditional ways, as echoed in this comment:  

A week before the test he creates games, kind of like Jeopardy, where 

topics are related to certain topics in the class. We would play a game 

and he would have us invent it. There would be teams...we would make 

tables, four different tables, each table consisting of three or four 

people. We get to choose our names, like the names of our teams and 

whoever gets the most points gets like candy or something. He would 

bring in fruit snacks. It‘s a fun way to learn. 

 

Students also appreciated how SI leaders would focus their learning, especially 

in terms of test taking, ―The SI leader made up little tricks to help us memorize 
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information and tried to make the subject as enjoyable as possible.‖ Another student 

explained, ―She‘s really cognizant of what will be on the test; what things you do need 

understand, what the stumbling blocks a lot of students have in terms of common 

errors, or common misconceptions or common places where students think they 

understand something.‖ Not surprisingly, technology was also cited among the 

innovative ways that SI leaders reached the students.   

And our SI leader posts them on the Internet on the SI site. Normally, 

the worksheets that are given to us for us to work on during the SI 

session that we may or may not have gotten a complete answer, or 

perfect answer, she writes her own answers in those same worksheets 

and posts those juxtaposed to the ones that she gave us that were blank. 

That‘s helpful. 

 

The use of technology though was juxtaposed on bringing meaning for the students. 

For example, ―Yes! SI Leader drew pictures, showed videos and props that helped a 

lot. Also the questions being asked of us were broken down and easier to understand.‖   

Cooperation and cohesion 

 While treated separately in this analysis, the concept of doing cooperative 

work among students could also be considered an innovation away from traditional 

lecture. It seems that while not the predominant style of learning in these science 

courses, some professors did incorporate cooperative assignments in their class. 

Students appear to enjoy these opportunities and as a student commented: 

I appreciate that he does allow the students to work with each other on 

take-home quizzes. I specifically asked about that. Some of the students 

didn't work together on some of the harder quiz questions, and it was 

helpful because some of us understood some better than others. We 

would help each other in that respect, so that encouraged talking to 

each other even out of SI. So, that was an opportunity for interaction, to 
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allow use of take-home quizzes. He specifies that working together is 

OK as long as you don‘t copy answers. 

 

Other students noted some cooperative work but on a more limited scale, ―Well one 

time in the semester he invited each of us by last name or certain moniker or whatever 

and we had to research it and then get together with our groups to present the 

information that we had so that was some interaction right there.‖ One small 

interaction in a focus group interview reflected this: 

Student: In the classroom sometimes he‘ll give us a minute to answer a 

problem he puts on the board and that‘s helpful sometimes but we don‘t really 

do many of them. 

Interviewer: Do you get with other students? 

Student: Yeah. You work with a neighbor but we don‘t do many. 

Some students seemed to sense that working in groups would be good: ―No, there was 

never an activity in class were we had to solve a problem in class. I think it would be 

highly beneficial to a great number of students to include these kind of activities in 

class.‖ In contrast, other students were happy to not have this happen in class: ―I do 

not like group projects, and no the professor never did this.‖  

 SI sessions seemed to be perceived in a different way, as exemplified by this 

student, ―And to be honest, I don‘t even know if my professor even knows my name in 

that class. But my SI team does, and I'm grateful for that.‖ Accordingly, students 

characterized SI as more interactive where working together was the norm, along with 

expectations for learning. A student noted this by stating: 
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It is more interactive like how they mentioned earlier. Yes, they do is 

kind of like push you, not so much force, but push you to go up on to 

the board and answer the question and whether it is right or wrong it 

doesn't matter because you are there for help and for clarification and 

stuff so it really does help that because if you can do something hands 

on.  

 

Coupled with the more relaxed atmosphere noted by students, SI was referred to as, 

―Every session was like a group study party, if you wanted to participate you could, or 

you could remain silent. The leader would oftentimes have the students write out 

answers on the board in the room, so there was an active participation element in the 

class.‖ Also, students recognize that SI leaders bring structure to the group work. For 

instance, I don‘t think playing games would be viewed positively by students unless 

they perceived that it was directed towards reinforcing concepts. A student 

emphasized this, ―Usually Jane (pseudonym) would pass out the worksheet, read the 

questions, and as a group we would answer and then Jane would follow with an 

elaboration including examples, drawings on the board, and answering any questions 

we had. I really enjoyed the way Jane did this. It was just the right amount of structure 

for me.‖  

Learning communities 

One of the collateral benefits of SI is the formation of student learning 

communities. While I did not specifically address this question, two students did 

comment on this idea and I believe it‘s important to note here. As one student 

indicated, ―At the same time, also in SI, after that the people that we work with in 

groups, sometimes we go study after so that kind of helps, too.‖ The second student 

was quoted as saying, 
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And sometimes afterward, because SI for Calculus is only an hour each 

time and then Genetics is right after us, there are a lot of people waiting 

for their session to start. After SI is over, we all go to math lab together. 

That‘s more interaction there. I‘ve met a lot of new people within SI 

who I would have never met if I never went to SI. 

 

You will notice that the statement refers to the calculus SI sessions; however, this 

student also attended SI for a biology course. 

Confidence 

 I focused the qualitative interview questions on learning environment 

variables. However, I was interested to find out if any specific activities, either in the 

classroom or SI, affect their confidence levels. When asked about how they thought they 

would perform in their respective science class, many students indicated some apprehension. 

As one student stated, ―I knew the class would be difficult... I still agree, it is a tough class.‖ 

Another student put it plainly, ―I was so scared to take this class, so scared.‖  

Yet, some students went into the class with apparently higher levels of 

confidence but that notion changed once the semester started. For example, ―I wasn't 

worried about the class when I first started, but then I got worried as it started because 

it was—high school physics was really easy. It was nothing like high school.‖ Another 

student was quoted, ―I thought I‘d do better. The first test was really easy to me and I 

got a very high score where most of the class failed, but the next test I failed.‖ In this 

sense, the students seemed to have a false sense of confidence and ability toward the 

class. 

Some students started confident and ended confident. Typical responses here 

include, ―Figured I‘d do fairly well, and I‘ve done fairly well on the tests.‖ Another 

response was: ―I thought that I would get a B in the class but now I believe that I will 
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come out of this class with a low A.‖ This type of sentiment was seen in both SI and 

non-SI students, although most respondents in the study were SI-participating 

students. 

Some students directly attributed their increased confidence to participation in 

SI. One student discussed how SI helped them as, ―I did think about how well I was 

going to do in this class when I first started. I do feel different because as long as you 

attend SI, ask the teacher questions, and form study groups, the class isn‘t as bad as I 

thought it would have been.‖ For another student the experience was described as, ―I 

was just hoping to pass. I do feel differently now because I underestimated myself and 

the tools given by the instructor and SI. The class is doable [sic], I went into it 

thinking it was going to be impossible.‖  Another student started the class with more 

ambiguity and their participation affected them positively, ―When I started the course, 

I didn‘t know what to expect, and had no idea about how well I would do. Yes, I feel 

different now than the end of the semester. I feel confident in the material presented.‖ 

Summary of comparison of classroom and SI environments 

 The student responses to questions directed at aspects of atmosphere, 

personalization and individualization, innovation, and cooperation and cohesiveness 

reflected the differences in the classroom and SI. Students were respectful of the 

professors and the challenges that they faced in teaching difficult concepts to a large 

number of students. They see the professors as caring about their learning but not 

having enough time to address individual student needs in the classroom. As an 

alternative, they offer out-of-class time via office hours to attempt to meet this need. 

Students feel professors want to answer questions or are open to them but that, again, 
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time is a restraint on this process. Coupled with this are student fears of being the one 

to hold up class progress or seeming unknowledgeable.  

 Students who participate in SI think of this as the place to practice and 

reinforce what they learn in the classroom. Students are more likely to engage in risky 

behaviors such as asking questions and challenging their own and others 

understanding of concepts. Students like the comfortable and relaxed atmosphere but 

also like the structure and guidance that the SI leaders provide. Students seem to 

expect to work together in SI versus the classroom and enjoy the differential learning 

activities such as games and use of technology in the process. SI also has the potential 

to affect student confidence levels where some students attribute this increase to 

participation. Finally, SI is a mechanism for the building of student learning 

communities. 

Physics—a special case 

 As mentioned previously, physics is a class using problem-based learning 

(PBL). PBL is an inquiry driven process where students are expected to work 

collaboratively in order to solve problems (Eberlein et al., 2008). From a student 

perspective PBL looks like this: 

OK, we‘re used to learning formulas and just plugging in numbers and 

writing stuff down and reading and writing and answering questions. 

That‘s what we‘re used to. So when we were in this class at the 

beginning, where you‘re just actually doing things, spinning things and 

pulling on pulleys and all this type of work. And it‘s hard for you, on 

your own, draw the connection from the actual physical things that 

you‘re doing with your hands to the writing numbers down on paper.  
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Some students were concerned about this process, ―I always hated that. And it never 

works. And in classes sometimes it doesn‘t work and I hate it. I always want to work 

on my own until professors push me to go work with someone else and I‘m like ‗I 

don‘t want to.‘ But in this class it works.‖  

The six students in the focus group interview consistently rated the professor 

as very interested in their learning and that working in groups for this class was the 

norm. A student summed it this way: 

We‘re always debating about the subject. One person will think of it 

one way, and the other person will think of it the total opposite way. 

That‘s just the way physics works. We‘re not afraid to debate amongst 

each other and question each other. It works out great because we all 

know each other and we all feel comfortable with each other. 

 

And this process was reinforced by the professor of the course, as one student 

explained, ―It‘s the professor that makes that environment possible because of the way 

the course is structured and because they encourage it and keep telling us, ‗Make sure 

you guys are discussing it amongst your groups.‘‖ 

 The role SI is ascribed to also make this class stand apart. Students indicate 

that SI is more of the lecture-based environment. For instance, ―So it is kind of the 

same exact feel as the classroom, maybe a little bit more laid back because Dr. Smith 

(pseudonym), he isn‘t in there. We get to joke around.‖ Another student described it 

as, ―I feel like SI is more structured around somebody at the board, the SI instructor, 

and then we‘re watching the example and asking questions more like a normal setting. 

Than how in class we have side conversations and we work on our boards and stuff.‖ 

This was consistently agreed upon by the students at the interview and online surveys. 
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Students use SI for homework help, and attendance is traditionally very high at the 

sessions for this class. One student noted how SI was needed: 

And even though in that classroom there‘s so much interaction as it is, 

it‘s nothing but group work…. Even with that much interaction I still 

needed to go to SI. Every time that I had that class it was right before, 

which was really helpful. So there‘s just needed that much more 

interaction for certain classes in order to get the concepts.  

  

What this study has highlighted is the need to address this unique situation. Is 

SI necessary in this course? As I mentioned, student attendance is high. This is the 

only class where SI participants (22) outnumber nonparticipants (16). Also, while not 

statistically significant, nonparticipants slightly outperform participants on final grades 

where average grades are 2.8 to 2.7, respectively. Clearly, the quantitative data show 

how the classroom is considered more personal, cohesive, cooperative, and innovative 

than SI. As an administrator, this has given me tools to critically evaluate this situation 

and make important programmatic decisions for the future. 

Research Question 4: Are the SI learning environment and increases in affective 

factors correlated to academic success? 

The final analysis and research question were an attempt in this study to 

determine the potentially very complex relationships between the variables of student 

affective characteristics, learning environment variables, student demographic 

information, and SI participation all towards a dependent variable of final grades in 

the science courses. In other words, do the two learning environments—SI and the 

classroom—and student attributes affect student grades? And if so, how? 



103 

 

 

 

The statistical technique chosen to analyze these relationships was structural 

equation modeling (SEM). As discussed in Chapter 3, several initial models were 

posited for best fit to the data in order to minimize post hoc adjustments and used 

SEM solely in an exploratory manner. I first examined the constructs of cooperation, 

cohesiveness, personalization, and innovation by comparing overall mean student 

responses between classroom and SI. I compared fit indices primarily of CFI and 

RMSEA as all models show significant Chi-Square values. In order to find the best-

fitting model to the data, I analyzed the critical ratio given in the unstandardized 

regression weights to determine those variables potentially unfitting to the model 

when they are <2.0. Finally, I examined the significance of the regression weights. 

The original models of A, B, and C were poorly fit with CFI values of 0.708, 0.421, 

and 0.775, respectively. The RMSEA values were 0.084, 0.115, and 0.083, and many 

variables exhibited low critical ratios. By analysis of model properties and variable 

estimates, I was able to determine the best fitting and most parsimonious model 

explaining student success (Figure 4.7). Good fit of the model is indicated by 

CFI=0.916 and RMSEA=0.047 (90% confidence interval 0.037-0.056). Additionally, 

all critical ratios were above 2.0 and regression weight estimates significant (p<0.05) 

(see Appendix for model specifics).  

This model indicates that post-confidence has the highest effect on final grades 

with some direct effect coming from SI participation. Post-confidence itself has a  
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Figure 4.7: Final SEM model. Standardized estimates are shown for accepted model of 

student affective, learning environment and SI participation on final grades in the seven 

science courses. All estimates with * indicates p≤0.05. Fit of model χ
2
(246, N=248)=379.70, 

p<0.05. CFI=0.916, RMSEA (90% confidence interval) =0.047 (0.037-0.056) 
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Figure 4.8: Correlation between cooperation in SI (SICOOPmean) and classroom 

cohesiveness (ClassCOHmean), p=0.001. 

 

significant relationship with cohesiveness in the classroom, which is related to 

cooperation in SI sessions. Post-confidence also has a significant relationship with 

anxiety and responsibility where anxiety is stronger; however, the relationship is 

negative. This indicates that as anxiety increases, post-confidence decreases. SI 

attendance is correlated to pre-anxiety and pre-responsibility and is in line with results 

of the bivariate logistic regression results shown in Table 4.4. SI attendance also has a 

significant, though less strong, impact on final grades. 

 To further investigate the relationship between SI cooperation and class 

cohesiveness, I examined the correlation between these two variables. Figure 4.8 

indicates that a moderate correlation between cooperation in SI and classroom 

cohesiveness. From this, an interesting question arises, ―Do students who attend SI 
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bring their cooperative attitudes to the classroom and potentially increase how they 

view working together within the course?‖  

Conclusions 

The results reveal some interesting results in terms of how students self-select 

into SI participation and how that impacts them as students and their grades. SI 

participants indeed do perform higher as a group and appear to be motivated by their 

internal feelings of anxiety of responsibility. Specifically, higher levels of anxiety and 

responsibility are the best predictors of SI participation. Interestingly, levels of anxiety 

decrease for SI participants while non-participants increase. Additionally, while both 

groups see decreases from initial confidence to post confidence, SI participants do not 

drop as much as nonparticipants. These characteristics also affect their final 

confidence levels in the course, along with increased cohesiveness in the course, 

which appears to be related to SI cooperation.  

This potentially implies, but requires further study, that because students who 

participate in SI do so in a cooperative group setting, they bring this to the classroom 

and increase how well students know each other there. This idea has some support 

from the qualitative data where student perceptions of the learning environment in SI 

are more cooperative, interactive, and safe for students to reinforce their knowledge. 

Additionally, six students specifically cite SI participation as boosting their confidence 

for doing well in their respective science course. 
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CHAPTER 5 

Conclusions 

The purpose of this study was to critically evaluate the Supplemental 

Instruction (SI) program at California State University, San Marcos (CSUSM), in 

program-supported science courses. Retention and graduation rates for entering 

freshman at CSUSM have been traditionally low, where data from academic years 

1995-1996 to 2003-2004 indicate 4-year retention rate averages of 48.1% and a 

graduation rate of 13.4%. Five- and 6-year retention rates are comparable at about 

45% but graduation rates do increase to 30.8% and 38.9%, respectively, indicating the 

difficulties for students to graduate within the 4-year time frame. While data 

disaggregated by major within the College of Arts and Sciences (CoAS) are not 

available, disparity among race/ethnic groups who received baccalaureate degrees is 

evident where minority group average 29.5% and whites average 48.4% (data 

collection dates from Fall 2005 to Fall 2009). 

The SI program was originally founded on the CSUSM campus under the 

auspice of a National Institutes of Health Research Initiative for Scientific 

Enhancement (NIH-RISE) program grant, whose goal was to increase the number of 

underrepresented minorities in the biomedical sciences field by increasing their 

academic success and retention. As the SI program continued from 1999 to 2006, Dr. 

Richard Bray and I realized that the vast majority of students in SI were not RISE 

scholarship students, but from the general student population in science. Thus, we 

applied for and were granted funding under the CSUSM state budget in 2007. Our 
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goals for SI remained the same—to increase student academic performance and 

potentially their retention in the sciences by providing a peer mentoring academic 

support system in a challenging, gatekeeper science course. Since that time, the state 

budget to CSUSM has undergone drastic reductions and these reductions have also 

occurred in the SI program budget. While evaluation has been a cornerstone of the SI 

program, it continues to be an important factor to justify our expenses toward campus 

goals of improving student persistence.    

Thus, this study has four important goals: 1) to demonstrate the effectiveness 

of SI for student participants on their final grades and thus increasing the likelihood of 

persistence in the major, 2) to demonstrate other potential affective benefits that SI 

may provide to students including factors that affect academic performance, 3) to 

determine what SI adds to the learning environment experienced by students that 

affect academic performance, and 4) to connect this study to the broader theoretical 

constructs underpinning SI and how these relate to the results obtained here. The 

emphasis on academic performance is intentional and is one of the primary goals of 

the program; this is powerful evidence to the college administration on why SI is 

important to campus goals.   

In the following sections I will discuss each of the research questions 

addressed in this study. Additionally, these findings will be discussed with emphasis 

on the theoretical frameworks of social cognitive theory, learning environment theory 

focusing on constructivist principles, and small-group collaboration. Finally, special 

interest will be given to the perceived impact of this study on the body of literature 

specific to SI. 
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Research Question 1: Do SI participating students have higher levels of academic 

success than non-SI students? 

 Analysis of student grades supported the alternative hypothesis that SI students 

would earn higher final course grades than their non-SI students. SI students earned, 

on average, 0.5 points higher with grades of 2.4 versus nonparticipating students of 1.9 

on a scale where 4.0 is equivalent to an A, 3.0 a B, 2.0 a C and 1.0 and D. There was a 

minimum level of participation in SI in order for students to perform better 

academically. The data indicate that students must have attended at least five times in 

order to see this benefit. This difference was statistically significant but also implies a 

meaningful difference for students. At CSUSM, science courses must be passed at a 

grade of C (or 2.0) or better for the course to count towards graduation. Students 

below this level are faced with a few alternatives: retake the class in a subsequent 

semester (some of these classes are offered only once a year), change majors, or 

potentially leave the college. This is a major factor in student retention as students 

often leave college when they do not exhibit high performance in the academic sphere 

(Tinto, 1987).  

Some critics have called SI program analyses into question based on course 

grades. There were concerns that SI students were potentially better prepared 

academically. To determine if this was the case, I evaluated the SI participating and 

nonparticipating composite SAT scores and their previous semester grade point 

average (GPA) and overall earned GPA at CSUSM (not including the semester under 

study). I detected no statistically significant differences for these measures. SI 

participants‘ average SAT score was lower (593.4 versus 643.5) and an equal 
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cumulative GPA (3.0). The nonparticipants did have a lower previous semester GPA 

of 2.6 versus 3.0 for SI students. But again, these results were not significant and 

indicate that the students in this study were equivalent in terms of academic 

preparedness.  

 I also disaggregated data based on race/ethnicity status to determine if this 

interacted with SI participation toward academic success. While grades were higher 

for SI participants for all race/ethnic groups (no comparison for Native American 

group as no SI participants were in this group), no significant difference for the effect 

of SI was detected. The composition of race/ethnic groups was also compared between 

SI participating and nonparticipating students and these were equivalent. From this, I 

conclude cautiously, especially from the small sample, that all students academically 

benefit from SI with no detectable differential effects on underrepresented students. 

Research Question 2: Are there affective benefits, such as increases in academic self-

efficacy and motivation, to the student who participates in SI sessions? 

 Students were surveyed at the beginning and end of the semester with a 

questionnaire designed to measure multiple affective variables. I employed the 

Science Motivation Questionnaire (SMQ) which is rooted within the social-cognitive 

framework of Bandura (Glynn et al., 2009; Glynn & Koballa, 2006). The specific 

constructs of the SMQ are intrinsic and extrinsic motivation, relevance, responsibility, 

confidence, and anxiety. Factor analysis supported four constructs as reliable 

measures; relevance, responsibility, confidence, and anxiety.  
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I hypothesized that SI participants would experience increases in all of these 

areas—except anxiety, which would decrease—as compared to nonparticipating 

students. I compared SI-participating students (≥ 5 times in the semester) to 

nonparticipating students in terms of their pre- and post-measures of anxiety, 

relevance, responsibility, and confidence and observed some interesting results.  

Students who participated in SI had higher levels of initial anxiety and 

responsibility. Indeed, these measures were the best predictors of SI participation in 

regression and SEM analysis. Conversely, students who do not participate in SI had 

lower initial levels of anxiety and responsibility but higher levels of confidence. By 

the end of the semester, all students saw decreases in confidence and responsibility but 

SI participants‘ levels did not drop as dramatically. This indicates that SI participants 

retained feelings of confidence and responsibility better than their non-SI counterparts. 

The opposite effect for anxiety was observed in this study. While SI participants 

started out with higher levels of anxiety than non-SI students, by the end of the 

semester the SI students‘ anxiety dropped while non-SI levels increased. 

Structural equation modeling for the affective variables both pre- and post- 

gave additional evidence that SI participation is best predicted by student feelings of 

anxiety and responsibility. Initial measures of confidence, relevance, anxiety and 

responsibility had the strongest relationships to their post-measure levels. The 

mediating effect of SI was strongest on responsibility and to a lesser extent on 

confidence. Altogether, the results obtained here do not directly support my original 

hypothesis that students who participate in SI would see increases in confidence, 

responsibility, and relevance and a decrease in anxiety. However, the following 
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research questions continue to address this complex relationship in terms of academic 

achievement and learning environment variables.    

Research Question 3: Do students perceive the classroom learning environment 

differently than the SI session environment? 

 The SI program is oft cited as being principled on constructivist learning 

theories and ideals. Yet, I have found no study of SI that specifically set out to 

determine how students perceive the environment. Additionally, do they view it 

differently than the classroom? I endeavored to explore this through quantitative and 

qualitative analyses. I asked to students to complete a modified the College and 

University Classroom Environment Inventory (CUCEI) at the end of the semester for 

both the classroom and SI session (for participating students). The CUCEI was 

developed by Treagust and Fraser (1986) and has been used to explore the domains of 

personalization, involvement, student cohesiveness, and satisfaction within the 

relationship domain; task orientation in the personal development domain; and 

innovation and individualization in the system maintenance domain. I used a modified 

form of the CUCEI with constructs of personalization, student cohesiveness, task 

orientation, innovation, individualization, cooperation, and equity (Nair & Fisher, 

1999). I further modified the instrument by removing task orientation. Factor analysis 

indicated four constructs as reliable indicators: cooperation, cohesiveness, innovation, 

and personalization. I used qualitative focus group interviews and responses to an 

open-form online survey using the same sets of questions.  
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 Students consistently rated the SI environment higher for these measures than 

the classroom when analyzing the quantitative data gathered from student responses to 

the CUCEI. However, an interesting phenomenon was noted when I disaggregated this 

data in a class-to-class comparison. For most of the constructs in all of the courses but 

physics, students rated the SI environment as more cohesive, cooperative, innovative, 

and personalized. Physics turned out to be a special case initially detected in the 

quantitative analysis, but exemplified in the qualitative analysis.  

 Physics is a class taught using problem-based learning (PBL) and, thus, relies 

on inquiry-driven, hands-on, and collaborative learning in the classroom (Eberlein et 

al., 2008). From the simplistic perspective, it works. Students in the physics focus 

group interview and physics students responding to the online survey consistently 

viewed this class as highly cooperative and cohesive. Students knew each other‘s 

names, regarded the professor as the main force in keeping the environment 

collaborative, and overall enjoyed the classroom atmosphere and experience. In an 

interesting twist, SI and the classroom roles appeared to be switched. Students referred 

to SI as being more of the ―traditional‖ classroom, where someone is at the front of the 

class and they participate less actively. This SI leader also garnered the most criticisms 

from students. 

 I was aware at the outset of the study that physics was taught using the PBL 

pedagogy and that SI was implemented in a different way. Up until that point, students 

had not reported dissatisfaction and the number of SI participants at the sessions 

outnumbered the non-attending students. In some way, I had anticipated a different 

outcome from this course and the results of the study confirm my suspicion about 
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these differences. As I mentioned in Chapter 3, I will use this information to critically 

evaluate SI‘s role in this course.  

 The other science courses in the study are taught using a lecture-based format 

and, as a unit, these were viewed similarly by students. Consistent with the 

quantitative findings, students generally described SI as a more cooperative, 

personalized, innovative, and relaxed environment over the classroom. It seemed, 

though, that student expectations for the two environments were different. Generally, 

students responded to questions about the course professor in a positive way, with 

empathy for the time restraints and the effect is has on the professor and the class 

atmosphere. Time limitations were cited by a number of students as the reasons that 

professors cannot ask or respond to questions in class or engage in more classroom 

collaboration. They also considered time as one of the determinants for asking 

questions in class. In other words, they would not ask questions because it would hold 

up the progress and pace of material being introduced in the class.  

 In contrast, the students viewed SI as safe place to ask questions and were 

more participatory. In addition to SI sessions being smaller than the classroom, they 

perceived that the reason all students were there was for clarification and questions 

about what was learned. They felt more comfortable among their peers and less 

conspicuous in SI versus the classroom. 

 Students enjoyed the structure SI leaders bring to the sessions and the way the 

leaders encouraged group work. Students repeatedly commented on how much they 

appreciated the worksheets, practice quizzes, and tests, and how these contributed to 

their learning through practice. They also appreciated the SI leader‘s student 
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perspectives on learning. Specifically, students would comment on how SI leaders 

guided them to the most important concepts, common misconceptions, and mistakes 

made by themselves and other students. 

 The rewards of attending SI were cited as better understanding of the material 

and a feeling of increased confidence in the course overall. Two students also 

mentioned how SI brought them together with other students in the formation of study 

groups. Thus, an important potential benefit to SI is community building among 

student participants and needs to be further explored in future studies.      

Research Question 4: Are the SI learning environment and increases in affective 

factors correlated to academic success? 

Structural equation modeling (SEM) was employed to potentially determine 

the relationship between student affective characteristics, learning environment 

perceptions, SI participation, and student academic preparedness toward final course 

grades. Several models were posited and tested for goodness of fit (see Chapter 3). 

The final accepted model resulted from trimming of variables to find the most 

parsimonious and explanatory model to explain student success (see Figure 4.7). In the 

model, larger numbers shown on the paths indicated stronger relationship strengths 

between variables. Students‘ levels of confidence toward the end of the course were 

highly correlated to final grades. Contributing to final grade, but less dramatically, was 

attendance at SI sessions. Direct effects on confidence were the initial levels of 

anxiety and responsibility, which also had a relationship to SI attendance. Confidence 

was also correlated to cohesiveness in the classroom, which in turn was correlated to 



116 

 

 

cooperation in SI. The accepted SEM model aligned to my findings previously in this 

research and positioned confidence (self-efficacy) as having a strong impact on 

student success. 

Performance of the CUCEI to Measure the Learning Environment 

 Learning environment research in higher education has continued to grow, 

while appropriate measures of college student perceptions is still lacking. The 

development of the CUCEI by Fraser et al. (1987) was the first to be used specifically 

for the college classroom. The CUCEI was designed following the work of Rudolf 

Moos (1980) who defined environmental domains and led to the constructs of the 

instrument. Construct validity was reported by Treagust and Fraser (Fraser & 

Treagust, 1986; Fraser et al.) in the original version and in the modified version 

introduced by Nair and Fisher (1999). However, a 2006 study by Logan, Crump, and 

Rennie indicated more cross loadings of constructs by principal components analysis. 

As I reported in Chapter 3, items of the CUCEI also cross loaded or did not load to 

any construct and my final analyses were of four constructs of personalization, 

cooperation, cohesiveness, and innovation. What was encouraging was the consistency 

between the classroom and the SI version of the CUCEI in factor loadings. I also 

attribute my reliability and factor analysis differences as I again introduced a 

modification to the original questionnaire by dropping task orientation. Thus, I felt a 

particular need to revalidate the instrument for my setting. 

 I applied the CUCEI in a novel way that also might account for these findings. 

This instrument is often used to gauge student‘s actual and preferred classroom 
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environment. In my research I applied it as a comparison between two different 

learning environments. However, in this capacity it appeared to work well as given by 

the consistency of the instrument from the two settings. Thus, I see the CUCEI as an 

evolving instrument to gauge college-level learning environments. I believe that the 

application of the instrument further informs this field and emphasizes the need to 

reevaluate instruments critically for every setting. 

Contribution to Learning Environment, Constructivism and Small-Group 

Collaboration Research 

The work of Moos (and others since) has directly attributed to the creation of 

tools to measure the learning environment that previously was considered a vague 

concept unavailable for measurement. Once tools such as the CUCEI were developed, 

the natural question became, what environments promote learning? From this 

perspective and based on the theoretical work of Piaget and Vygotsky, the concept of 

constructivism has become an important guiding principle in evaluation of learning 

environments (Duncan, 1995; Glassman, 1994; Jones & Brader-Araje, 2002; 

Vygotsky, 1978; Yilmaz, 2008). While Piaget focused on internal psychological 

processes in learning and Vygotsky focused on the external social processes, the 

activity of social interaction in learning plays a prominent role for both (Duncan; 

Glassman). Thus, the construction of knowledge among students is enhanced by 

environments where learning is active, contextual, predicated by social interaction, 

built from prior experiences, and a process of making meaning (Garcia, 2006; 

Yilmaz). 
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One aspect of this study was to evaluate whether the SI learning environment 

embraced constructivist activities as compared to the classroom. The quantitative 

results indicate that indeed students view the lecture-based science courses as less 

cooperative, cohesive, and less innovation and personalization for learning than the 

peer-led SI sessions on the CSUSM campus (not including physics). This is an 

important point as SI is often posited as providing an active and social learning 

environment without these elements being directly measured. SI is among the 

differential learning environments using an implementation of small-group learning 

that is influenced by the principles of constructivism (Eberlein et al., 2008).  

Academic achievement appeared to be an outcome of SI participation but not 

directly influenced by the learning environment variables related to constructivism. 

Studies on small-group learning have demonstrated increases in academic outcomes. 

The meta-analytic findings of Springer et al. (1999) and Johnson, Johnson, and Smith 

(1998b) demonstrated that students engaged in small-group environments did have 

higher levels of academic achievement. Certainly, in a number of other studies on SI 

in science courses, the increase in grades is a common finding for SI participants 

(Moore & LeDee, 2006; Rath et al., 2007; Shaya et al., 1993).  

The findings here support that participation in small-group learning have direct 

effects on student final grades in the course as indicated by SI participation‘s 

significant relationship to final grades in the SEM (Figure 4.5). However, the learning 

environment variables, either in the classroom or SI did not directly influence student 

grades, but instead correlated to feelings of student confidence, which influenced 

grades. Research surrounding measuring constructivist learning environments, much 
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more in K-12, are often linked to attitudinal and behavioral outcomes along with 

student achievement in college (Allen & Fraser, 2007; Fraser & Fisher, 1982; Fraser & 

Treagust, 1986; Henderson, Fisher & Fraser, 2000; Nair & Fisher, 1999). Thus, the 

findings here coincide with other research on learning environment outcomes. 

This study also provided a unique perspective on learning environment 

research as a means to compare and contrast two different settings: SI sessions and the 

classroom. Additionally, the qualitative data gathered regarding student perceptions of 

the learning environment deepens my interpretation in regards to the effects of SI on 

student achievement. In a recent study by Kember (2009), student focus groups on the 

perceptions of their learning environment were matched to an SEM model on the 

development of ―generic capabilities‖ around intellectual development. He found that 

peer-to-peer interaction in collaborative, active learning in the classroom and ability to 

foster high levels of interaction were some of the important requisites for student 

intellectual development where student-to-student interactions directly influenced this 

outcome versus teacher-to-student as an indirect effect.  

These findings coincide with small-group learning research and the student 

voices heard here. Students consistently cite the ability within SI to interact and ask 

questions as a way to check their knowledge development specific to the needs of a 

science course. This was markedly different than the classroom where students were 

cognizant of time constraints, holding up the pace of the class, and fears of revealing 

their lack of understanding for a concept. This is interesting, too, because the 

cooperative nature of SI seems to ―carry over‖ to the classroom and this is an aspect of 

learning environments‘ impact that isn‘t considered in the literature to my knowledge. 
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It appears that student who get to know and work with each other in SI bring this to 

the classroom and increase its sense of cohesiveness, although this bears further 

scrutiny to determine the role of the instructor in this process. 

Perhaps one of the most important implications is the apparent impact that SI 

has on the building of learning communities. This is an essential tenet of retention 

based on Tinto (1998) and Astin (1987; 1996) where learning communities within 

academic and social domains are the predictors of retention. However, Kember (2009) 

notes: 

While this may develop communities, the disparate aims must raise 

doubts about whether these forms of communities are effective in 

nurturing capabilities, particularly since efforts to promote student 

integration commonly operate at university level, whereas capability 

development appears to be more effective if there is a disciplinary 

focus. 

 

Continuing the interpretation of integration to foster college retention, Kember and his 

colleagues believe that the type of learning community is important to its potential 

effects (Yan & Kember, 2004). They define two distinct type of learning communities; 

engager communities are focused on collaboration to understand concepts and avoider 

communities where student work is minimized within group projects. Students view 

SI as an engaged environment and not one in which they get to avoid knowledge. 

They see SI as the opportunity to understand material that was not fully 

understandable when presented initially in a lecture format.  

Performance of the SMQ to Measure Affective Variables  

There are many instruments to measure affective constructs, such as 

confidence (self-efficacy) and motivation. Recently, an adaptable questionnaire was 
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introduced by Glynn and Koballa (2006) for specific use in the sciences—the Science 

Motivation Questionnaire (SMQ). Validation and reliability were established and 

reported in additional monographs (Glynn et al., 2009; Glynn & Koballa, 2007).   

 I applied the SMQ in this research with minor modifications to the 

instrument—where the general word ―science‖ was used, I would replace it with 

―biology‖ or ―chemistry.‖ Like the CUCEI, the construct validity and factor analysis 

indicate cross loadings and non-loadings for some items. Fortunately, the same factor 

loadings were evident in the pre- and post-student responses and thus appeared to 

validate the instrument in this context. Four items emerged from these analyses: 

confidence, anxiety, relevance, and responsibility, thereby losing discrete measures of 

intrinsic and extrinsic motivation.  

Two items from external motivation cross loaded with relevance and upon 

examination of the statements appeared to fit better in relevance. Relevance statements 

centered on how learning science would be useful in future endeavors; the two 

external motivation questions directly asked about how learning science would be 

helpful in their career and getting a job. These findings are not especially troubling 

given the consistency among the pre- and post-measures and that in a recent study by 

Glynn et al. (2009), they too noted cross loadings and low-factor loadings for some 

items.  

Contribution to Self-Efficacy Theory and Research 

Bandura‘s Social Cognitive Theory not only reflects the importance of self-

efficacy on student learning but also overlaps with the impact of learning environment 
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affects. A number of studies (Andrew, 1998; Dorman et al., 2002; Dorman, Fisher, & 

Waldrip, 2006; Lent, 1984; Lorsbach & Jinks, 1999; Pajares, 1996b; Schunk, 1991; 

Witt-Rose, 2003) have directly linked the learning environment to self-efficacy. 

Bandura‘s work is related to constructivism and the work of Moos in the learning 

environment fields and posits that behavior, cognitive factors such as motivation and 

self-efficacy, and the environment come together to influence learning outcomes in an 

iterative, continuous three-point loop—triadic reciprocal determinism (Arendale, 

1993; Bandura, 1977).   

The research demonstrating the contribution of self-efficacy alone to student 

success in college science supports the tenet that higher self-efficacy contributes to 

increases in academic achievement (Baldwin et al., 1999; Bong, 2001; Hackett, Betz, 

Casas, & Rocha-Singh, 1992; Lent et al., 1984; Multon, Brown, & Lent, 1991; Witt-

Rose, 2003). Additionally, science self-efficacy has been linked to learning 

environments in a secondary school (Dorman et al., 2002) and college settings (Fencl 

& Scheel, 2005).  

The results from this study support past research findings that self-

efficacy/confidence is a factor determining academic achievement. Interestingly, this 

attribute measured at the beginning of the semester does not correlate to outcomes, but 

is strongly correlated when measured at the end of the semester. Students with higher 

levels of initial confidence were less likely to participate in SI. While all students saw 

a drop in confidence, the nonparticipants saw the greatest decrease (and were slightly 

below SI-participating student levels) indicating that initial levels of confidence are 

highly influenced by the context of the course that has a history of challenging 
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students. In this sense, their initial self-efficacy towards the course appears to be 

falsely inflated.  

Along with confidence‘s negative correlation to SI participation, other 

measures of student affective variables of anxiety and responsibility for learning are 

positive correlates to SI participation. Taken together, it indicates that help-seeking 

behavior (such as participation in SI) is predicated by students who see themselves as 

having control over their learning, are anxious about how they will do in the course, 

and don‘t feel overly confident toward their success. This is in opposition to the 

concepts of self-regulated learning where generally high levels of self-efficacy 

contribute to greater self-regulation (e.g., rehearsal, elaboration, organization) (Garcia 

& Pintrich, 1996; Pintrich, 2004; Pintrich & de Groot, 1990; Schunk, 1991). 

This research also demonstrated a mediating effect on self-efficacy from the 

learning environment of the classroom and SI in line with past findings. Overall, the 

results derived from the CUCEI and SMQ lead to an integrated model to determine 

their individual contribution to student success. The SEM (Figure 4.5) supports the 

findings that affective characteristics do affect outcomes as measured by grade but in a 

somewhat more complex manner. As mentioned previously, classroom cohesiveness is 

related to student self-efficacy but this effect is enhanced by student cooperative 

activities in SI. 

The qualitative data continue to support this notion, in that students who gain 

confidence over the semester are also likely to consider the class as one they can be 

successful in. This was reported frequently for SI participating students where their 

engagement with other students and the SI leader helped them lessen their anxiety and 
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perceive their own academic success in the course. As Fencl and Scheel (2005) 

reported, teaching strategies aimed at increasing collaboration among students 

positively affected self-efficacy levels. The research here supports this but also 

includes the added component of SI environmental variables. 

Overall Contribution to SI Research 

Studies in the area of Supplemental Instruction programs on student affective 

variables have mixed results. Visor, Johnson, and Cole (1992) found higher initial 

levels of locus of control, self-efficacy, and self-esteem but saw no gains in these areas 

for SI participants. Indeed, they found confidence levels for students decreased over 

the semester. Other related SI studies reported inconsistent findings regarding self-

efficacy and other affective variables. Fisher (1997) measured anxiety along with 

motivation, control of learning (similar to responsibility for learning), and task value 

(similar to relevance) using the Motivated Strategies for Learning Questionnaire 

(MSLQ) yet found no differences in affective or test performance improvement for SI 

participants. Belzer et al. (2003) measured student responses to the MSLQ and found 

increases in motivation but not increased performance on a content test. Mack (2007) 

also employed the MSLQ in biology and chemistry and observed in increases in 

academic achievement for SI-participating students but a decline in motivations for all 

students. Garcia (2006) also reported no differences in final exam scores or self-

esteem (measured by the Study Behavior Inventory) for SI participants versus non-SI 

students. McGee (2005) used the MSLQ to address motivational variables and 

whether it predicted SI participation. He found that extrinsic motivation, organization, 
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academic self-efficacy, control beliefs, help-seeking, and peer learning were the scales 

which best predicted SI engagement. Here, too, SI participants demonstrated higher 

final course grades as compared to the nonparticipant group. 

There are several differences in my study that I hoped would help elucidate the 

role of self-efficacy while simultaneously revealing the importance of the alternative 

learning environment that SI can provide. Like previous studies, I measure pre- and 

post-responses to an instrument designed to measure affective characteristics. 

However, I used a science specific instrument as opposed to a general questionnaire to 

assess these variables. Context specificity is an important caveat in Bandura‘s work 

(1996; 2001). To my knowledge, this is the first detailed inquiry into the learning 

environment, especially as it compares to the classroom. I used both quantitative and 

qualitative analyses to delve into student perceptions of the learning environment. I 

brought together learning environment variables of the classroom and SI, affective 

variables, student demographics, and final course grades to determine important 

relationships and the potential interplay of these factors toward student success. I also 

applied various statistical methods to examine these variables, including structural 

equation modeling which has not been previously reported. 

Self-efficacy may be boosted for some students as indicated by the sample of 

students in the qualitative data collection. Quantitative data supported that all students 

lost confidence during the semester, but this decline was less for SI participants. As 

the SEM model indicates, student levels of confidence are highly correlated to grades. 

This is in accordance with the literature but puts SI as a potential mediator of 

confidence for students when they participate.  
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The learning environment also appears to mediate student confidence. The 

relationship observed in structural equation modeling was an interesting one. A direct 

effect for SI variables was tested but found to be unspecified in the model. The 

correlation of classroom cohesiveness was detected initially without the SI 

cooperation variable. However, this relationship and the overall fit of the model were 

considerably improved when classroom cohesiveness and SI cooperation variables 

were linked. What does this mean? It‘s unclear at this point but I speculate that 

students who attend SI get to know each other and form a community of learners in 

the course. When this happens, they bring these attributes of working together, 

sharing, and friendliness to the classroom. Overall, this may potentially increase the 

cohesiveness of the classroom and affects all students positively in terms of their 

confidence for the course. 

Self-Selection Bias for SI Participants 

My findings suggest that SI does appear to play a role in lowering student 

anxiety for learning science. This predicts self-selection into SI and is not correlated to 

higher academic preparedness. Students with higher levels of responsibility for their 

own learning also tend to participate in SI. SI students were more likely to retain their 

initial levels of responsibility as the semester progressed. Responsibility for learning is 

a characteristic that is likely to be transferable to other courses. SI leaders also serve as 

the role models for this behavior and this is reinforced in other students as well during 

SI sessions. I also found a significant and positive correlation for cumulative GPA 

toward SI participation.  
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Thus, there were some self-selection biases present in this sample but it is 

probably not due to academic preparedness as these measures were equivalent across 

the two groups (SI-participating and nonparticipating students). This is a common area 

of concern in SI analysis. Bowles and Jones (2003-2004a; 2003-2004b) and McCarthy 

and Smuts (1997) called for bivariate probit models to estimate the effects of academic 

under-preparedness on self-selection and multivariate regression to measure student‘s 

previous academic performance effects on SI outcomes, respectively. While regression 

and correlation statistics were used in the present analysis, structural equation 

modeling was chosen as a means to uncover the complex relationships of all 11 

variables initially examined in the data set. Academic preparedness in terms of SAT 

composite scores and cumulative GPA were initially included in SEMs but did not 

provide better fit to the data. This indicates that the self-selection I observed primarily 

stemmed from student affective characteristics and not past academic performance. 

SI and the Learning Environment—New Territory in SI Research 

The learning environment data from the CUCEI and qualitative sources does 

indicate that, overall, SI reflects a more collaborative learning environment than 

traditional lecture-based classrooms. Students work together, ask questions, and 

practice the content that has been delivered in the classroom. From this data, I 

conclude that the SI program I evaluated does embrace constructivist principles. This 

cooperative learning that happens in SI affects the extent to which students feel 

cohesiveness in the classroom and this was an unexpected result in this study. For 

many instructors in the sciences, there is pressure to deliver content within three hours 
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of lecture time per week. The ability to infuse collaborative work in the classroom is 

in opposition to these time constraints. Thus, the ability for SI, as an out-of-class 

activity, to have a beneficial ―side effect‖ on positively impacting classroom climate 

will likely be met with enthusiasm from the instructors of these difficult science 

courses.   

 Additionally, the cooperative environment in SI likely translates into more than 

just better grades for SI participants. Students in SI get to know other students on 

campus and form study groups and lasting student communities. I have observed this 

and students reported this phenomenon in the focus group interviews. SI participants 

are diverse and reflect the current diversity of the campus and thus opportunities for 

eliminating cultural biases are increased. 

Limitations of the Study 

There are two overriding limitations of the current study. The quasi-

experimental design and relatively small sample size at 248 participants for the 

quantitative data and only 40 students participating in the qualitative data collection. 

Attempts were made to address potential confounding variables, but since the design 

was not a true manipulative study, other unknown variables could influence outcomes. 

 The campus where the study was conducted is also a smaller college where 

class sizes in this study did not exceed 80 students. Additionally, this research 

represents only a single semester study where final course grades were used as the 

indicator of academic success. This restricts interpretation as college success could be 

measured in other ways and a longitudinal study may be more effective in determining 
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which aspect of the findings remain consistent across time. Thus, results reported here 

may reflect this unique setting and time constraint and should not be considered 

comprehensive or global in nature.  

As the researcher for this study and the administrator of the SI program, I am 

implicitly biased. I tried to minimize any effects of bias on the interpretation of data. I 

reported on ―negative‖ outcomes as well as positive and attempted to let the data and 

students speak for themselves. 

Finally, the structural equation model I accepted for reporting should not be 

viewed as the only explanation fitting the data or to describe these relationships. An 

important caveat in SEM is to avoid overfitting of the data. Thus, I started with 

potential models for testing and used these as a basis for modification and trimming of 

variables. 

Conclusion and Areas to Explore in Future Research 

This study has provided some evidence that SI is effective on the CSUSM 

campus in a number of ways: students who participate in SI are more likely to 

academically outperform nonparticipating students, SI is a constructivist learning 

environment where students engage in collaborative work with peers and are more 

likely to form student communities around academics, the cooperative work in SI 

impact the classroom cohesiveness, and this in turn is correlated to higher ending 

levels of self-efficacy and higher course grades.  

A number of opportunities for future research have also become apparent in 

the current study. If high levels of student confidence are not a good predictor of 
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higher course grades, how should we (administrators of the program) coach 

participation in SI to mediate their loss of confidence over the semester and decrease 

their anxiety? Is this an issue of access? Data collected unrelated to this study indicate 

that students who do not participate in SI is not because of interest but instead about 

conflicts in scheduling. We are currently preparing to initiate a study on providing SI 

in a distance, web-based format. If this increases access to SI, will more students 

participate who initially claim interest and how will this affect confidence, anxiety and 

responsibility for learning. Finally, how is it that the cooperation in SI effects 

classroom cohesiveness? Is this based on instructor prompting students to participate 

in SI or is it strictly that a group of SI participating students by themselves increase the 

cohesiveness in the class? If so, how does this happen?  

Another important area to continue to explore is the area of underrepresented 

students in sciences. I did not detect differences among race/ethnic groups for the 

variables under study here; however, there remains the question of whether there are 

differential effects for students typically underrepresented in the sciences. These and 

other studies examining the learning environment and student cognitive, affective 

characteristics has the potential to further unlock best practices in SI and effects on all 

students‘ academic success and persistence in science majors. 

Implications for Educational Leadership Practice 

 This study has brought with it a chance for deep reflection on not only the SI 

program practice but also its role within the broader CSUSM community. I have 

grown as an educational leader as I now feel I can speak authoritatively on science 
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learning in an undergraduate setting and the ways in which we can enhance this 

process for our students. The calls for undergraduate reform in science education in a 

climate of ever-reducing budgets can be practically met with programs such as SI, 

which cost very little especially when viewed in comparison to their potential returns 

in student retention and savings for new student recruitment. 

 Researchers within the SI community may want to add the dimension of the 

learning environment as a valuable measure to determine what is happening in SI 

sessions that promote student learning. As the first disciplined inquiry into this facet, 

this study may be used as a framework in which to address SI programs on other 

college campuses. Certainly, the results reported here support the notion that the 

students in SI sessions engage in more constructivist ways, i.e, active engagement as 

evidenced by student cross talk and asking questions where they appear to rely on one 

another in collaborative and cooperative ways.  

 Self-efficacy in an academic setting had a direct correlation on final grades for 

students in the seven science courses under study here. However, only when it was 

measured at the end of the semester when students are more able to accurately predict 

their final outcome for the course. Interestingly, high initial levels of confidence were 

a negative predictor of SI participation and dropped dramatically at the end of the 

semester especially for students who did not engage in SI. This may imply that their 

early feelings of high self-efficacy were inaccurate to their ability to perform well in 

the respective science course. Important questions arise from this result. Do students 

who initially feel confident engage in help seeking behaviors when met with 

challenging course work? How much time and effort do these students spend on 
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studying? Are high levels of student self-efficacy in academic setting always 

beneficial or is this a false sense? Finally, it would appear that the learning 

environment can mediate how students feel about confidence and should continue to 

be investigated especially as it relates to STEM undergraduate retention and 

persistence.  

 In sum, the current study continues to support the mounting evidence to show 

that students who participate in SI achieve higher final course grades since the first 

study by Blanc et al. in 1982. This does not appear to be tied to past performance but 

may be a function of how anxious students feel about the course material and how 

they appear to take more responsibility for their learning. SI participation seems to 

ease their anxiety while simultaneously reinforcing student responsibility for learning. 

Confidence is initially lower for SI participants but drops less over the semester and 

taken altogether indicate that students are affected by engagement in positive ways. 

One surprise is the potential interaction of one environment on another, specifically 

the cooperative nature of SI on the cohesiveness of students in the classroom. This is a 

very interesting outcome and taken together with the positive effect on student 

characteristics may begin to address why SI seems to work. Future studies to address 

these may reveal new insights to these specific outcomes and thus, educators may be 

able to offer programs, like SI, that have the potential to make a meaningful impact on 

student attrition from STEM disciplines.
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Appendix B 

 

College and University Classroom Environment Inventory (CUCEI) 
 

Directions: This questionnaire contains statements about practices which could take 

place in this class.  You will be asked how often each practice takes place.  There are 

not ‗right‘ or ‗wrong‘ answers.  Your opinion is what is wanted.  Think about how 

well each statement describes what this class is like for you. 

Using the provided answer sheet, mark the appropriate space for: 

1 if the practice takes place Almost Never 

2 if the practice takes place Seldom 

3 if the practice takes place Sometimes 

4 if the practice takes place Often 

5 if the practice takes place Almost Always 

 

Be sure to give an answer for all questions. If you change your mind about an answer 

just erase it and mark another space. 

Some statements in this questionnaire are fairly similar to other statements. Don‘t 

worry about this. Simply give your opinion about all statements. 

Remember that you are describing your actual classroom! 
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Answer Scale: 

     1  2  3            4        5 

                     Almost Never   Seldom            Sometimes         Often      Almost 

Always 

 
1. The instructor considers my feelings. 

2. The instructor is friendly and talks to me. 

3. The instructor goes out of his/her way to help me. 

4. The instructor helps me when I am having trouble with my work. 

5. The instructor moves around the classroom to talk with me. 

6. The instructor is interested in my problems. 

7. The instructor is unfriendly and inconsiderate towards me. 

8. New ideas are seldom tried out in this class. 

9. My instructor uses new and different ways of teaching in this class. 

10. The instructor thinks up innovative activities for me to do. 

11. The teaching approaches used in this class are characterized by innovation and 

variety. 

12. Seating in this class is arranged in the same way each week. 

13. The instructor often thinks of unusual activities. 

14. I seem to do the same type of activities in every class. 

15. My class is made up of individuals who don‘t know each other well. 

16. I know most students in this class by their first names. 

17. I make friends easily in this class. 

18. I don‘t get much of a chance to know my classmates. 

19. It takes me a long time to get to know everybody by his/her first name in this class. 

20. I have the chance to know my classmates well. 

21. I am not very interested in getting to know other students in this class. 

22. I cooperate with other students when doing assignment work. 

23. I share my books and resources with other students when doing assignments. 

24. I work with other students on projects in this class. 

25. I learn from other students in this class. 

26. I work with other students in this class. 

27. I cooperate with other students on class activities. 

28. Students work with me to achieve class goals. 

29. I am expected to do the same work as all the students in the class, in the same way and  

in the same time. 

30. I am generally allowed to work at my own pace in this class. 

31. I have a say in how class time is spent. 

32. I am allowed to choose activities and how I will work. 

33. Teaching approaches in this class allow me to proceed at my own pace. 

34. I have little opportunity to pursue my particular interests in this class. 

35. My instructor decides what I will do in this class. 

36. The instructor gives as much attention to my questions as to other student‘s questions. 
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37. I get the same amount of help from the instructor as do other students. 

38. I am treated the same as other students in this class. 

39. I receive the same encouragement from the instructor as other students do. 

40. I get the same opportunity to answer questions as other students. 

41. My work receives as much praise as other students work. 

42. I have the same amount of say in this class as other students. 

 

Thank you for your time and cooperation! 
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Appendix C 

 

College and University Classroom Environment Inventory (CUCEI) 
 

Directions: The questionnaire contains statements about practices which could take 

place in the SI sessions.  You will be asked how often each practice takes place.  There 

are not ‗right‘ or ‗wrong‘ answers.  Your opinion is what is wanted.  Think about how 

well each statement describes what SI sessions are like for you. 

Using the provided answer sheet, mark the appropriate space for: 

1 if the practice takes place Almost Never 

2 if the practice takes place Seldom 

3 if the practice takes place Sometimes 

4 if the practice takes place Often 

5 if the practice takes place Almost Always 

 

Be sure to give an answer for all questions. If you change your mind about an answer 

just erase it and mark another space. 

Some statements in the questionnaire are fairly similar to other statements. Don‘t 

worry about the. Simply give your opinion about all statements. 

Remember that you are describing your actual SI sessions! 
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Answer Scale: 

     1  2  3            4        5 

                     Almost Never   Seldom            Sometimes         Often      Almost 

Always 

 
1. The SI leader considers my feelings. 

2. The SI leader is friendly and talks to me. 

3. The SI leader goes out of his/her way to help me. 

4. The SI leader helps me when I am having trouble with my work. 

5. The SI leader moves around the SI sessions to talk with me. 

6. The SI leader is interested in my problems. 

7. The SI leader is unfriendly and inconsiderate towards me. 

8. New ideas are seldom tried out in these SI sessions. 

9. My SI leader uses new and different ways of teaching in the SI sessions. 

10. The SI leader thinks up innovative activities for me to do. 

11. The teaching approaches used in these SI sessions are characterized by innovation and 

variety. 

12. Seating in the SI sessions is arranged in the same way each week. 

13. The SI leader often thinks of unusual activities. 

14. I seem to do the same type of activities in every SI sessions. 

15. My SI sessions are made up of individuals who don‘t know each other well. 

16. I know most students in the SI sessions by their first names. 

17. I make friends easily in the SI sessions. 

18. I don‘t get much of a chance to know my SI session classmates. 

19. It takes me a long time to get to know everybody by his/her first name in the SI 

sessions. 

20. I have the chance to know my SI session classmates well. 

21. I am not very interested in getting to know other students in the SI sessions. 

22. I cooperate with other students when doing assignment work. 

23. I share my books and resources with other students when doing assignments. 

24. I work with other students on projects in the SI sessions. 

25. I learn from other students in the SI sessions. 

26. I work with other students in the SI sessions. 

27. I cooperate with other students on SI sessions activities. 

28. Students work with me to achieve SI sessions goals. 

29. I am expected to do the same work as all the students in the SI sessions, in the same 

way  

and in the same time. 

30. I am generally allowed to work at my own pace in the SI sessions. 

31. I have a say in how SI sessions time is spent. 

32. I am allowed to choose activities and how I will work. 

33. Teaching approaches in the SI sessions allow me to proceed at my own pace. 

34. I have little opportunity to pursue my particular interests in the SI sessions. 
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35. My SI leader decides what I will do in the SI sessions. 

36. The SI leader gives as much attention to my questions as to other student‘s questions. 

37. I get the same amount of help from the SI leader as do other students. 

38. I am treated the same as other students in the SI sessions. 

39. I receive the same encouragement from the SI leader as other students do. 

40. I get the same opportunity to answer questions as other students. 

41. My work receives as much praise as other students work. 

42. I have the same amount of say in the SI sessions as other students. 

 

Thank you for your time and cooperation! 
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Appendix D 

Focus Group Interview Protocol  

 

Focus Group interviews to occur between April and May 2009. 

 

(Focus group facilitator will introduce self and make sure all consent forms are 

signed).  

 

Thank you for agreeing to participate in this research project regarding your attitudes 

and perceptions of learning in college science and math courses. This project is 

designed to help me get a new and different vantage point of how you feel about the 

learning environment of the science or math course you were enrolled in.  

 
1. What kind of learning atmosphere do you think the instructor (SI leader) 

tried to create? Describe any specific characteristics or impressions that you 

have about the environment in the class (SI sessions)? (general information-a 

way to gauge student general consensus of learning environment) 

2. When you started this class did you think about how well you planned to do? 

Do you feel different now than you did at the beginning of the semester? Why 

or why not? (Confidence—relates to self-efficacy) 

3. How interested did you feel the instructor (SI leader) was concerned about 

your learning in this class? Can you describe specific things they did that 

made you feel this way?  (Personalization and Individualization) 

4. Think of a time when there was a really difficult concept being presented in 

class. Did students in the class (session) ask for clarification? If so, are there 

specific things you think the instructor (SI leader) did to help everyone 

understand this concept? (Innovation) 

5. Do you recall any specific activities in class (session) where you worked with 

other students in the class (SI session) in order to complete an activity or 

problem? Can you give a specific example of this and discuss how you felt 

about it? If this did not happen, would you have liked to do this? (Student 

Cohesion and Cooperation) 

6. How would you describe the instructor’s (SI leader’s) response to student 

questions during this course? Did the instructor (SI leader) welcome 

questions from all students? Why or why not? (Equity) 
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7. Do you have any other comments you would like to make? (Elicit any other 

open comments not addressed) 
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Appendix I 

SI participants online survey 

 

Page 1. Consent to Participate 
Thank your for your participation in this electronic survey.  

  If you have participated in a the face-to-face focus group interview, please do not continue this survey. Your responses to the following 
questions have been recorded.  

  The online survey will take 15-30 minutes to complete. By answering and submitting the survey, you are agreeing to let us use your answers 

in the research. All information collected as part of the research will be kept confidential by the researcher, and no names or identifying 
information will be included in the resulting dissertation or evaluation reports or in research articles or presentations. The survey is voluntary 

and there are no negative consequences if you decide not to participate. 

     1. Please select which course you are providing your feedback and perceptions. % of 

 Respondents  
Number of 

 Respondents  
Biology 210 

  0.00% 0 

Biology 215 
  0.00% 0 

Biology 352 
  0.00% 0 

Chemistry 201 
  0.00% 0 

Chemistry 202 
  0.00% 0 

Physics 205 
  0.00% 0 

Psychology 360 
  0.00% 0 

Number of respondents 0 

Number or respondents who skipped this question 0 
 

 

 

Page 2. PLEASE NOTE:   
The term INSTRUCTOR is always in reference to the person who taught the lecture section of this course. 

The term SI LEADER is always in reference to the student peer who facilitated the SI sessions attached to this course. 

     1. Did you attend any Supplemental Instruction (SI) sessions for this course? % of 
 Respondents  

Number of 
 Respondents  

Yes 
  0.00% 0 

No 
  0.00% 0 

Number of respondents 0 

Number or respondents who skipped this question 0 
 

 

Page 5.  

     1. When you started this class did you think about how well you planned to do? Do you feel different now than you did at the 
beginning of the semester? Why or why not?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     2. Think of a time when there was a really difficult concept being presented in class. Did students in the class ask for clarification? 
If so, are there specific things you think the instructor did to help everyone understand this concept?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     3. Did students ask for clarification of difficult concepts in SI sessions for this course? Did the SI leader do anything specific to 

help everyone understand this concept?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     4. How would you describe the instructor’s response to student questions during this course? Did the instructor welcome 

questions from all students? Why or why not?  
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   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     5. How did the SI leader respond to student questions? Did the leader welcome questions from all students? Why or why not?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     6. How interested did you feel the instructor was concerned about your learning in this class? Can you describe specific things 
they did that made you feel this way?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     7. What about the SI leader. Do you feel they were concerned about your learning? What specific things made you feel this way?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     8. What kind of learning atmosphere do you think the instructor tried to create? Can you describe any specific characteristics or 
impressions that you have about the environment in the class?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     9. What kind of learning atmosphere do you think the SI leader tried to create? Again, are there any specific characteristics that 
describe the SI environment? 

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     10. Do you recall any specific activities in class where you worked with other students in the class in order to complete an activity 
or problem? Can you give a specific example of this and discuss how you felt about it? If this did not happen, would you have liked to 

do this?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     11. Do you recall any specific activities in SI where you worked with other students in order to complete an activity or problem? 
Can you give a specific example of this and discuss how you felt about it? If this did not happen, would you have liked to do this?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     12. Do you have any other comments you would like to make?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

 

 

 Page 6. THANK YOU! 
 You have completed the questionnaire. Thank you for your feedback. 
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Appendix J 

 

Non-Supplemental Instruction Participant Online Survey 

 

Page 1. Consent to Participate 
Thank your for your participation in this electronic survey.  

  If you have participated in a the face-to-face focus group interview, please do not continue this survey. Your responses to the following 
questions have been recorded.  

  The online survey will take 15-30 minutes to complete. By answering and submitting the survey, you are agreeing to let us use your answers 

in the research. All information collected as part of the research will be kept confidential by the researcher, and no names or identifying 
information will be included in the resulting dissertation or evaluation reports or in research articles or presentations. The survey is voluntary 

and there are no negative consequences if you decide not to participate. 

     1. Please select which course you are providing your feedback and perceptions. % of 

 Respondents  
Number of 

 Respondents  
Biology 210 

  0.00% 0 

Biology 215 
  0.00% 0 

Biology 352 
  0.00% 0 

Chemistry 201 
  0.00% 0 

Chemistry 202 
  0.00% 0 

Physics 205 
  0.00% 0 

Psychology 360 
  0.00% 0 

Number of respondents 0 

Number or respondents who skipped this question 0 
 

 

 

   Page 2. PLEASE NOTE: 
The term INSTRUCTOR is always in reference to the person who taught the lecture section of this course. 

The term SI LEADER is always in reference to the student peer who facilitated the SI sessions attached to this course. 

     1. Did you attend any Supplemental Instruction (SI) sessions for this course? % of 
 Respondents  

Number of 
 Respondents  

Yes 
  0.00% 0 

No 
  0.00% 0 

Number of respondents 0 

Number or respondents who skipped this question 0 
 

 

 

   Page 3.  

     1. When you started this class did you think about how well you planned to do? Do you feel different now than you did at the 
beginning of the semester? Why or why not?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     2. Think of a time when there was a really difficult concept being presented in class. Did students in the class ask for clarification? 
If so, are there specific things you think the instructor did to help everyone understand this concept? 

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     3. How would you describe the instructor’s response to student questions during this course? Did the instructor welcome 

questions from all students? Why or why not? 

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
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     4. How interested did you feel the instructor was concerned about your learning in this class? Can you describe specific things 

they did that made you feel this way?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     5. What kind of learning atmosphere do you think the instructor tried to create? Can you describe any specific characteristics or 
impressions that you have about the environment in the class?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     6. Do you recall any specific activities in class where you worked with other students in the class in order to complete an activity 
or problem? Can you give a specific example of this and discuss how you felt about it? If this did not happen, would you have liked to 

do this?  

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 
 

     7. Do you have any other comments you would like to make? 

   Number of Respondents 
 

0 

Number or respondents who skipped this question 0 

 Page 6. THANK YOU! 
 You have completed the questionnaire. Thank you for your feedback. 
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Appendix K 

 

 

 

 

Rotated Component Matrix
a
 

Rotated Component Matrix
a
 

 INITIAL SMQ FACTOR ANALYSIS
 Component 

  
 1 2 3 4 

 Rel:The _ I learn will be helpful .885       

 ExMot:Learning _ will help my career .859       

 ExMot:Learning _ can help me get a good 
job 

.853       

 Rel:I think about how I will use what I learn .848       

 Rel:The _ I learn has practical value .839       

 Rel:The _ I learn is relevant .807       

 Rel:Relates to my personal goals .758       

 Anx:I become anxious on tests   .821     

 Anx:I worry about failing tests   .807     

 Anx:I am nervous about tests   .778     

 Anx:I am concerned other students better   .748     

 Anx:I hate taking tests   .665     

 Resp:I prepare well for tests/labs     .817   

 Resp:I use strategies to learn     .805   

 Resp:I put enough effort into learning     .805   

 Conf:I believe I can get an "A"       .802 

 Conf:I expect to do as well as others       .796 

 Conf:I am confident on tests   -.394   .739 

 KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .877 

Bartlett's Test of Sphericity Approx. Chi-
Square 

2652.146 

df 153 

Sig. .000 
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Final SMQ Factor Analysis
 Component 

 
 1 2 3 4 

Rel:I think about how I will use what I learn .869       

ExMot:Learning _ will help my career .868       

Rel:The _ I learn will be helpful .831       

ExMot:Learning _ can help me get a good job .817       

Rel:The _ I learn has practical value .814       

Rel:Relates to my personal goals .785       

Rel:The _ I learn is relevant .467       

Anx:I am nervous about tests   .825     

Anx:I become anxious on tests   .819     

Anx:I worry about failing tests   .753   -.357 

Anx:I hate taking tests   .670     

Anx:I am concerned other students better   .658     

Resp:I put enough effort into learning     .863   

Resp:I use strategies to learn     .827   

Resp:I prepare well for tests/labs     .798   

Conf:I believe I can get an "A"       .804 

Conf:I expect to do as well as others       .781 

Conf:I am confident on tests   -.357   .678 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .828 

Bartlett's Test of Sphericity Approx. Chi-
Square 

1617.860 

df 153 

Sig. .000 

 

 

 

 

 

 

Rotated Component Matrix
a
 

Classroom CUCEI
 Component 

 
 1 2 3 4 
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Coop:I share my books and 
resources with others 

.874       

Coop:I work with other students .845       

Coop:I cooperate with other 
students on work 

.822       

Coop:I work with other students on 
projects 

.804     .302 

Coop:Students work with me to 
achieve class goals 

.794     .355 

Coop:I cooperate with other 
students on activities 

.785     .327 

Coop:I learn from other students .764       

Pers:Helps me when I am having 
trouble 

  .860     

Pers:Friendly and talks to me   .842     

Pers:Goes out of his/her way to help 
me 

  .842     

Pers:Considers my feelings   .834     

Pers:Interested in my problems   .810     

Pers:Moves around the classroom 
to talk with me 

  .668 .334   

Inn:Teaching characterized by 
innovation and variety 

  .426 .787   

Inn:Thinks up innovative activities 
for me 

  .411 .701   

Inn:I do the same type of activities     .679   

Inn:Thinks of unusual activities   .301 .658   

Inn:Uses new and different ways of 
teaching 

  .518 .593   

Coh:I have a chance to know 
classmates 

      .739 

Coh:I know most students first 
names 

.327     .714 

Coh:I make friends easily in class       .674 

Coh:Individuals don't  know each 
other well 

      .636 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .884 

Bartlett's Test of Sphericity Approx. Chi-Square 2529.627 

df 276 

Sig. .000 

Rotated Component Matrix
a
 

SI CUCEI
 Component 

 
 1 2 3 4 
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Coop:I work with other students on 
projects 

.833       

Coop:I work with other students .822       

Coop:I learn from other students .811       

Coop:Students work with me to 
achieve class goals 

.810       

Coop:I share my books and 
resources with others 

.763       

Coop:I cooperate with other 
students on activities 

.728     .301 

Coop:I cooperate with other 
students on work 

.631       

Pers:Helps me when I am having 
trouble 

  .865     

Pers:Goes out of his/her way to help 
me 

  .849     

Pers:Friendly and talks to me   .848     

Pers:Moves around the classroom 
to talk with me 

  .803     

Pers:Interested in my problems   .787     

Pers:Considers my feelings   .773     

Inn:Uses new and different ways of 
teaching 

  .328 .832   

Inn:Teaching characterized by 
innovation and variety 

.388 .372 .735   

Inn:Thinks up innovative activities 
for me 

.340 .367 .729   

Inn:I do the same type of activities     -.613 -.350 

Inn:Thinks of unusual activities .369   .510 -.334 

Coh:Individuals don't  know each 
other well 

      -.780 

Coh:I make friends easily in class .479     .705 

Coh:I know most students first 
names 

.437     .694 

Coh:I have a chance to know 
classmates 

.341     .599 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .791 

Bartlett's Test of Sphericity Approx. Chi-
Square 

1175.551 

df 253 

Sig. .000 
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Appendix L 

Structural Equation Modeling results for Figure 4.3, model for SI participation and 

mediation on affective variables 

Notes for Model (Default model) 

Computation of degrees of freedom (Default model) 

Number of distinct sample moments: 740 

Number of distinct parameters to be estimated: 119 

Degrees of freedom (740 - 119): 621 

Result (Default model) 

Minimum was achieved 

Function of log likelihood = 5260.171 

Number of parameters = 119 

   
Estimate S.E. C.R. P Label 

ATT <--- InAnx 2.265 .664 3.410 *** 
 

ATT <--- InResp 3.648 1.122 3.250 .001 
 

PostResp <--- ATT .011 .006 1.905 .057 
 

PostAnx <--- InAnx .658 .089 7.383 *** 
 

PostResp <--- InResp .612 .120 5.098 *** 
 

PostConf <--- In Conf .463 .076 6.082 *** 
 

PostRel <--- In Rel .888 .098 9.046 *** 
 

PostConf <--- ATT .008 .006 1.448 .148 
 

PostResp <--- In Rel .111 .062 1.801 .072 
 

ISMQ6 <--- InAnx 1.000 
    

ISMQ4 <--- InAnx .910 .070 13.069 *** 
 

ISMQ13 <--- InAnx 1.170 .094 12.492 *** 
 

ISMQ14 <--- InAnx .841 .091 9.242 *** 
 

ISMQ18 <--- InAnx .845 .083 10.214 *** 
 

ISMQ8 <--- InResp 1.000 
    

ISMQ9 <--- InResp 1.054 .100 10.578 *** 
 

ISMQ26 <--- InResp 1.093 .107 10.244 *** 
 

ISMQ29 <--- In Conf 1.000 
    

ISMQ28 <--- In Conf .807 .062 12.973 *** 
 

ISMQ12 <--- In Conf .666 .061 10.892 *** 
 

ISMQ23 <--- In Rel 1.000 
    

ISMQ25 <--- In Rel 1.013 .073 13.791 *** 
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Estimate S.E. C.R. P Label 

ISMQ19 <--- In Rel 1.061 .074 14.436 *** 
 

ISMQ17 <--- In Rel 1.176 .081 14.533 *** 
 

ISMQ2 <--- In Rel .969 .083 11.676 *** 
 

ISMQ11 <--- In Rel 1.163 .078 15.010 *** 
 

ISMQ10 <--- In Rel 1.170 .084 13.956 *** 
 

FSMQ6 <--- PostAnx 1.000 
    

FSMQ4 <--- PostAnx 1.109 .095 11.635 *** 
 

FSMQ13 <--- PostAnx 1.258 .125 10.067 *** 
 

FSMQ14 <--- PostAnx .783 .115 6.810 *** 
 

FSMQ18 <--- PostAnx .729 .117 6.220 *** 
 

FSMQ26 <--- PostResp 1.000 
    

FSMQ9 <--- PostResp 1.111 .122 9.125 *** 
 

FSMQ8 <--- PostResp 1.190 .129 9.207 *** 
 

FSMQ12 <--- PostConf 1.000 
    

FSMQ28 <--- PostConf 1.132 .154 7.362 *** 
 

FSMQ29 <--- PostConf 1.686 .218 7.728 *** 
 

FSMQ11 <--- PostRel 1.000 
    

FSMQ17 <--- PostRel 1.062 .076 13.891 *** 
 

FSMQ10 <--- PostRel 1.017 .083 12.252 *** 
 

FSMQ19 <--- PostRel .984 .074 13.311 *** 
 

FSMQ25 <--- PostRel .845 .072 11.801 *** 
 

FSMQ23 <--- PostRel .738 .147 5.023 *** 
 

FSMQ2 <--- PostRel .944 .081 11.611 *** 
 

   
Estimate 

ATT <--- InAnx .227 

ATT <--- InResp .226 

PostResp <--- ATT .144 

PostAnx <--- InAnx .650 

PostResp <--- InResp .500 

PostConf <--- In Conf .629 

PostRel <--- In Rel .728 

PostConf <--- ATT .107 

PostResp <--- In Rel .135 

ISMQ6 <--- InAnx .825 

ISMQ4 <--- InAnx .789 

ISMQ13 <--- InAnx .759 

ISMQ14 <--- InAnx .588 

ISMQ18 <--- InAnx .644 

ISMQ8 <--- InResp .774 
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Estimate 

ISMQ9 <--- InResp .787 

ISMQ26 <--- InResp .739 

ISMQ29 <--- In Conf .826 

ISMQ28 <--- In Conf .873 

ISMQ12 <--- In Conf .688 

ISMQ23 <--- In Rel .768 

ISMQ25 <--- In Rel .824 

ISMQ19 <--- In Rel .855 

ISMQ17 <--- In Rel .859 

ISMQ2 <--- In Rel .715 

ISMQ11 <--- In Rel .881 

ISMQ10 <--- In Rel .831 

FSMQ6 <--- PostAnx .779 

FSMQ4 <--- PostAnx .886 

FSMQ13 <--- PostAnx .756 

FSMQ14 <--- PostAnx .533 

FSMQ18 <--- PostAnx .495 

FSMQ26 <--- PostResp .678 

FSMQ9 <--- PostResp .843 

FSMQ8 <--- PostResp .880 

FSMQ12 <--- PostConf .658 

FSMQ28 <--- PostConf .719 

FSMQ29 <--- PostConf .831 

FSMQ11 <--- PostRel .827 

FSMQ17 <--- PostRel .872 

FSMQ10 <--- PostRel .800 

FSMQ19 <--- PostRel .848 

FSMQ25 <--- PostRel .785 

FSMQ23 <--- PostRel .389 

FSMQ2 <--- PostRel .771 

Model Fit Summary 

CMIN 

Model NPAR CMIN DF P CMIN/DF 

Default model 118 1387.561 622 .000 2.231 

Saturated model 740 .000 0 
  

Independence model 37 5302.175 703 .000 7.542 

Baseline Comparisons 
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Model 
NFI 

Delta1 

RFI 

rho1 

IFI 

Delta2 

TLI 

rho2 
CFI 

Default model .738 .704 .836 .812 .834 

Saturated model 1.000 
 

1.000 
 

1.000 

Independence model .000 .000 .000 .000 .000 

Parsimony-Adjusted Measures 

Model PRATIO PNFI PCFI 

Default model .885 .653 .738 

Saturated model .000 .000 .000 

Independence model 1.000 .000 .000 

NCP 

Model NCP LO 90 HI 90 

Default model 765.561 661.443 877.388 

Saturated model .000 .000 .000 

Independence model 4599.175 4371.008 4833.917 

FMIN 

Model FMIN F0 LO 90 HI 90 

Default model 5.618 3.099 2.678 3.552 

Saturated model .000 .000 .000 .000 

Independence model 21.466 18.620 17.696 19.571 

RMSEA 

Model RMSEA LO 90 HI 90 PCLOSE 

Default model .071 .066 .076 .000 

Independence model .163 .159 .167 .000 

AIC 

Model AIC BCC BIC CAIC 

Default model 1623.561 1666.471 
  

Saturated model 1480.000 1749.091 
  

Independence model 5376.175 5389.629 
  

ECVI 

Model ECVI LO 90 HI 90 MECVI 

Default model 6.573 6.152 7.026 6.747 

Saturated model 5.992 5.992 5.992 7.081 

Independence model 21.766 20.842 22.716 21.820 
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HOELTER 

Model 
HOELTER 

.05 

HOELTER 

.01 

Default model 122 126 

Independence model 36 37 
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Appendix M 

Structural equation model statistics for full SEM model Figure 4.5 

Notes for Model (Default model) 

Computation of degrees of freedom (Default model) 

Number of distinct sample moments: 324 

Number of distinct parameters to be estimated: 78 

Degrees of freedom (324 - 78): 246 

Result (Default model) 

Minimum was achieved 

Chi-square = 379.698 

Degrees of freedom = 246 

Probability level = .000 

   
Estimate S.E. C.R. P 

La

be

l 

Class 

Cohesiveness 
<--- SI Cooperation .535 .187 2.851 .004 

 

post confidence <--- 
Class 

Cohesiveness 
.276 .070 3.924 *** 

 

ZATT <--- Initial Anxiety .279 .082 3.417 *** 
 

ZATT <--- 
Initial 

Responsibility 
.398 .121 3.293 *** 

 

post confidence <--- Initial Anxiety -.370 .069 -5.332 *** 
 

post confidence <--- 
Initial 

Responsibility 
.300 .092 3.247 .001 

 

FSMQ12 <--- post confidence 1.000 
    

FSMQ28 <--- post confidence 1.192 .137 8.689 *** 
 

CSQC20 <--- 
Class 

Cohesiveness 
1.000 

    

CSQC16 <--- 
Class 

Cohesiveness 
1.239 .139 8.941 *** 

 

CSQC17 <--- 
Class 

Cohesiveness 
1.031 .116 8.919 *** 

 

CSQC15 <--- 
Class 

Cohesiveness 
.458 .110 4.182 *** 

 

SIQC23 <--- SI Cooperation 1.000 
    



163 

 

 

   
Estimate S.E. C.R. P 

La

be

l 

SIQC26 <--- SI Cooperation 1.419 .189 7.508 *** 
 

SIQC22 <--- SI Cooperation .750 .159 4.717 *** 
 

SIQC24 <--- SI Cooperation 1.489 .219 6.811 *** 
 

SIQC28 <--- SI Cooperation 1.424 .189 7.524 *** 
 

SIQC27 <--- SI Cooperation .970 .152 6.397 *** 
 

SIQC25 <--- SI Cooperation 1.389 .193 7.191 *** 
 

ISMQ6 <--- Initial Anxiety 1.000 
    

ISMQ13 <--- Initial Anxiety 1.210 .098 12.389 *** 
 

ISMQ4 <--- Initial Anxiety .924 .073 12.673 *** 
 

ISMQ14 <--- Initial Anxiety .873 .094 9.307 *** 
 

ISMQ18 <--- Initial Anxiety .857 .086 9.996 *** 
 

ISMQ26 <--- 
Initial 

Responsibility 
1.000 

    

ISMQ9 <--- 
Initial 

Responsibility 
.923 .091 10.175 *** 

 

ISMQ8 <--- 
Initial 

Responsibility 
.895 .088 10.191 *** 

 

FSMQ29 <--- post confidence 1.699 .184 9.217 *** 
 

Gradept <--- ZATT .137 .060 2.309 .021 
 

Gradept <--- post confidence 1.220 .144 8.496 *** 
 

   
Estimate 

Class Cohesiveness <--- SI Cooperation .431 

post confidence <--- Class Cohesiveness .341 

ZATT <--- Initial Anxiety .228 

ZATT <--- Initial Responsibility .229 

post confidence <--- Initial Anxiety -.437 

post confidence <--- Initial Responsibility .249 

FSMQ12 <--- post confidence .684 

FSMQ28 <--- post confidence .779 

CSQC20 <--- Class Cohesiveness .753 

CSQC16 <--- Class Cohesiveness .788 

CSQC17 <--- Class Cohesiveness .784 

CSQC15 <--- Class Cohesiveness .355 

SIQC23 <--- SI Cooperation .759 

SIQC26 <--- SI Cooperation .886 

SIQC22 <--- SI Cooperation .592 

SIQC24 <--- SI Cooperation .817 
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Estimate 

SIQC28 <--- SI Cooperation .888 

SIQC27 <--- SI Cooperation .775 

SIQC25 <--- SI Cooperation .855 

ISMQ6 <--- Initial Anxiety .810 

ISMQ13 <--- Initial Anxiety .771 

ISMQ4 <--- Initial Anxiety .788 

ISMQ14 <--- Initial Anxiety .600 

ISMQ18 <--- Initial Anxiety .642 

ISMQ26 <--- Initial Responsibility .755 

ISMQ9 <--- Initial Responsibility .770 

ISMQ8 <--- Initial Responsibility .774 

FSMQ29 <--- post confidence .851 

Gradept <--- ZATT .118 

Gradept <--- post confidence .725 

Model NPAR CMIN DF P CMIN/DF 

Default model 78 379.698 246 .000 1.543 

Saturated model 324 .000 0 
  

Independence model 24 1889.328 300 .000 6.298 

Model 
NFI 

Delta1 

RFI 

rho1 

IFI 

Delta2 

TLI 

rho2 
CFI 

Default model .799 .755 .919 .897 .916 

Saturated model 1.000 
 

1.000 
 

1.000 

Independence model .000 .000 .000 .000 .000 

Model PRATIO PNFI PCFI 

Default model .820 .655 .751 

Saturated model .000 .000 .000 

Independence model 1.000 .000 .000 

Model NCP LO 90 HI 90 

Default model 133.698 84.928 190.418 

Saturated model .000 .000 .000 

Independence model 1589.328 1455.812 1730.296 

Model FMIN F0 LO 90 HI 90 

Default model 1.537 .541 .344 .771 

Saturated model .000 .000 .000 .000 

Independence model 7.649 6.435 5.894 7.005 
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Model RMSEA LO 90 HI 90 PCLOSE 

Default model .047 .037 .056 .702 

Independence model .146 .140 .153 .000 

Model AIC BCC BIC CAIC 

Default model 535.698 553.266 
  

Saturated model 648.000 720.973 
  

Independence model 1937.328 1942.734 
  

Model ECVI LO 90 HI 90 MECVI 

Default model 2.169 1.971 2.398 2.240 

Saturated model 2.623 2.623 2.623 2.919 

Independence model 7.843 7.303 8.414 7.865 

Model 
HOELTER 

.05 

HOELTER 

.01 

Default model 185 196 

Independence model 45 48 

Minimization: .157 

Miscellaneous: .796 

Bootstrap: .000 

Total: .953 

 

 

 

 

 

 

 



166 

 

 

Appendix N 

 

Race/Ethnicity with 7 categories, Type III model 

Between-Subjects Factors 

  N 

Part=5 n 142 

p 104 

Race# 1 6 

2 22 

3 21 

4 56 

5 5 

6 110 

7 26 

 

 

Descriptive Statistics 

Dependent Variable:Grade pt 

Part=5 Race# Mean Std. Deviation N 

n 1 1.500 .7071 2 

2 2.162 1.0042 8 

3 1.825 .8259 12 

4 1.976 1.3262 33 

5 2.400 1.6733 5 

6 2.232 1.1318 69 

7 1.562 1.2777 13 

Total 2.068 1.1811 142 

p 1 1.750 1.7078 4 

2 2.471 .8606 14 

3 2.089 1.4443 9 

4 2.057 1.3807 23 
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6 2.661 .8429 41 

7 2.308 1.1456 13 

Total 2.373 1.1206 104 

Total 1 1.667 1.3663 6 

2 2.359 .9043 22 

3 1.938 1.1079 21 

4 2.009 1.3369 56 

5 2.400 1.6733 5 

6 2.392 1.0504 110 

7 1.935 1.2483 26 

Total 2.197 1.1634 246 

 

 

Tests of Between-Subjects Effects 

Dependent Variable:Grade pt 

Source 

Type III Sum of 

Squares df 

Mean 

Square F Sig. 

Noncent. 

Parameter 

Observed 

Power
b
 

Corrected 

Model 

101.210
a
 14 7.229 7.248 .000 101.474 1.000 

Intercept 11.005 1 11.005 11.034 .001 11.034 .911 

TOTGPA 76.021 1 76.021 76.219 .000 76.219 1.000 

SATTOT .180 1 .180 .180 .672 .180 .071 

Part5 2.098 1 2.098 2.104 .148 2.104 .303 

Race# 9.015 6 1.503 1.506 .177 9.039 .578 

Part5 * Race# .665 5 .133 .133 .985 .666 .080 

Error 230.398 231 .997     

Total 1519.170 246      

Corrected Total 331.608 245      

a. R Squared = .305 (Adjusted R Squared = .263) 

b. Computed using alpha = .05 
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Race/Ethnicity with 7 categories, Type II model 

 

Descriptive Statistics 

Dependent Variable:Grade pt 

Part=5 Race# Mean Std. Deviation N 

n 1 1.500 .7071 2 

2 2.162 1.0042 8 

3 1.825 .8259 12 

4 1.976 1.3262 33 

5 2.400 1.6733 5 

6 2.232 1.1318 69 

7 1.562 1.2777 13 

Total 2.068 1.1811 142 

p 1 1.750 1.7078 4 

2 2.471 .8606 14 

3 2.089 1.4443 9 

4 2.057 1.3807 23 

6 2.661 .8429 41 

7 2.308 1.1456 13 

Total 2.373 1.1206 104 

Total 1 1.667 1.3663 6 

2 2.359 .9043 22 

3 1.938 1.1079 21 

4 2.009 1.3369 56 

5 2.400 1.6733 5 

6 2.392 1.0504 110 

7 1.935 1.2483 26 

Total 2.197 1.1634 246 

 

 

Tests of Between-Subjects Effects 
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Dependent Variable:Grade pt 

Source 

Type II Sum of 

Squares df 

Mean 

Square F Sig. 

Noncent. 

Parameter 

Observe

d Power
b
 

Corrected 

Model 

101.210
a
 14 7.229 7.248 .000 101.474 1.000 

Intercept 12.186 1 12.186 12.218 .001 12.218 .936 

TOTGPA 76.021 1 76.021 76.219 .000 76.219 1.000 

SATTOT .180 1 .180 .180 .672 .180 .071 

Part5 3.698 1 3.698 3.708 .055 3.708 .483 

Race# 9.260 6 1.543 1.547 .164 9.284 .591 

Part5 * Race# .665 5 .133 .133 .985 .666 .080 

Error 230.398 231 .997     

Total 1519.170 246      

Corrected Total 331.608 245      

a. R Squared = .305 (Adjusted R Squared = .263) 

b. Computed using alpha = .05 

 

 

Race/Ethnicity with 2 categories of minority (0) and non-minority (1), Type II model 

 

 

Descriptive Statistics 

Dependent Variable:Grade pt 

Part=5 minstat Mean Std. Deviation N 

n .00 1.963 1.2295 52 

1.00 2.225 1.1133 77 

Total 2.119 1.1640 129 

p .00 2.031 1.3912 36 

1.00 2.613 .8435 55 

Total 2.382 1.1231 91 

Total .00 1.991 1.2907 88 

1.00 2.386 1.0243 132 

Total 2.228 1.1520 220 
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Tests of Between-Subjects Effects 

Dependent Variable:Grade pt 

Source 

Type II Sum of 

Squares df 

Mean 

Square F Sig. 

Noncent. 

Parameter 

Observed 

Power
b
 

Corrected Model 86.842
a
 5 17.368 18.237 .000 91.186 1.000 

Intercept 11.163 1 11.163 11.722 .001 11.722 .926 

TOTGPA 69.666 1 69.666 73.152 .000 73.152 1.000 

SATTOT .204 1 .204 .214 .644 .214 .075 

Part5 2.394 1 2.394 2.513 .114 2.513 .352 

minoritystatus 2.073 1 2.073 2.176 .142 2.176 .312 

Part5 * 

minoritystatus 

.254 1 .254 .267 .606 .267 .081 

Error 203.804 214 .952     

Total 1382.900 220      

Corrected Total 290.645 219      

a. R Squared = .299 (Adjusted R Squared = .282) 

b. Computed using alpha = .05 

 

Race/Ethnicity with 2 categories minority (0), non-minority (1), Type III model 

 

 

Descriptive Statistics 

Dependent Variable:Grade pt 

Part=5 minstat Mean Std. Deviation N 

n .00 1.963 1.2295 52 

1.00 2.225 1.1133 77 

Total 2.119 1.1640 129 

p .00 2.031 1.3912 36 

1.00 2.613 .8435 55 

Total 2.382 1.1231 91 

Total .00 1.991 1.2907 88 
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1.00 2.386 1.0243 132 

Total 2.228 1.1520 220 

 

Tests of Between-Subjects Effects 

Dependent Variable:Grade pt 

Source 

Type III Sum of 

Squares df 

Mean 

Square F Sig. 

Noncent. 

Parameter 

Observed 

Power
b
 

Corrected Model 86.842
a
 5 17.368 18.237 .000 91.186 1.000 

Intercept 8.877 1 8.877 9.321 .003 9.321 .860 

TOTGPA 69.666 1 69.666 73.152 .000 73.152 1.000 

SATTOT .204 1 .204 .214 .644 .214 .075 

Part5 2.000 1 2.000 2.100 .149 2.100 .303 

minoritystatus 2.274 1 2.274 2.387 .124 2.387 .337 

Part5 * 

minoritystatus 

.254 1 .254 .267 .606 .267 .081 

Error 203.804 214 .952     

Total 1382.900 220      

Corrected Total 290.645 219      

a. R Squared = .299 (Adjusted R Squared = .282) 

b. Computed using alpha = .05 
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Appendix O 

 

Anxiety 

Descriptive Statistics 

   
  

Part=5 Mean 
Std. 

Deviation N 

   MeanAnxInit n 3.2 .85610 97 

   p 3.7 .82053 74 

   Total 3.4094 .87158 171 

   MeanAnxPost n 3.3 1.00428 97 

   p 3.6 .78943 74 

   Total 3.4231 .92304 171 

   

        
Multivariate Tests

c
 

Effect Value F 
Hypothesis 

df Error df Sig. 

Partial 
Eta 

Squar
ed 

anxiety Pillai's 
Trace 

.000 .001
a
 1.000 169.000 .976 .000 

Wilks' 
Lambda 

1.000 .001
a
 1.000 169.000 .976 .000 

Hotelling's 
Trace 

.000 .001
a
 1.000 169.000 .976 .000 

Roy's 
Largest 
Root 

.000 .001
a
 1.000 169.000 .976 .000 

anxiety * 
Part5 

Pillai's 
Trace 

.019 3.192
a
 1.000 169.000 .076 .019 

Wilks' 
Lambda 

.981 3.192
a
 1.000 169.000 .076 .019 

Hotelling's 
Trace 

.019 3.192
a
 1.000 169.000 .076 .019 

Roy's 
Largest 
Root 

.019 3.192
a
 1.000 169.000 .076 .019 

        
Tests of Between-Subjects Effects 
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Measure:MEASURE_1 
Transformed Variable:Average 

Source 

Type III 
Sum of 
Squares df 

Mean 
Square F Sig. 

Partial 
Eta 

Squared 

Nonce
nt. 

Param
eter 

Intercept 3975.213 1 3975.213 3341.563 .000 .952 3341.5
63 

Part5 11.007 1 11.007 9.252 .003 .052 9.252 

Error 201.047 169 1.190 
        

 

Relevance 

Descriptive Statistics 

   
  

Part=5 Mean 
Std. 

Deviation N 

   MeanRelInit n 3.7 .88830 97 

   p 3.7 .82732 74 

   Total 3.7 .85996 171 

   MeanRelPost n 3.4 .94916 97 

   p 3.5 .93232 74 

   Total 3.4 .94061 171 

   

        
Multivariate Tests

b
 

Effect Value F 
Hypothesis 

df Error df Sig. 

Partial 
Eta 

Squar
ed 

Relevance Pillai's Trace .146 28.927
a
 1.000 169.000 .000 .146 

Wilks' 
Lambda 

.854 28.927
a
 1.000 169.000 .000 .146 

Hotelling's 
Trace 

.171 28.927
a
 1.000 169.000 .000 .146 

Roy's 
Largest Root 

.171 28.927
a
 1.000 169.000 .000 .146 

Relevance * 
Part5 

Pillai's Trace .005 .775
a
 1.000 169.000 .380 .005 

Wilks' 
Lambda 

.995 .775
a
 1.000 169.000 .380 .005 
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Hotelling's 
Trace 

.005 .775
a
 1.000 169.000 .380 .005 

Roy's 
Largest Root 

.005 .775
a
 1.000 169.000 .380 .005 

        

        

        
Tests of Between-Subjects Effects 

 Measure:MEASURE_1 
Transformed Variable:Average 

 

Source 
Type III Sum 
of Squares df 

Mean 
Square F Sig. 

Partial Eta 
Squared 

 Intercept 4258.013 1 4258.013 3114.610 .000 .949 

 Part5 .262 1 .262 .192 .662 .001 

 Error 231.042 169 1.367 
      

  

 

Responsibility 

 

Descriptive Statistics 

   
  

Part=5 Mean 
Std. 

Deviation N 

   MeanRespInit n 4.1 .62083 97 

   p 4.2 .56135 74 

   Total 4.1 .59782 171 

   MeanRespPost n 3.7 .82645 97 

   p 4.0 .64757 74 

   Total 3.8 .76546 171 

   

        
Multivariate Tests

b
 

Effect Value F 
Hypothesis 

df Error df Sig. 

Parti
al 

Eta 
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Squa
red 

Responsibility Pillai's 
Trace 

.170 34.672
a
 1.000 169.000 .000 .170 

Wilks' 
Lambda 

.830 34.672
a
 1.000 169.000 .000 .170 

Hotelling's 
Trace 

.205 34.672
a
 1.000 169.000 .000 .170 

Roy's 
Largest 
Root 

.205 34.672
a
 1.000 169.000 .000 .170 

Responsibility * 
Part5 

Pillai's 
Trace 

.012 2.047
a
 1.000 169.000 .154 .012 

Wilks' 
Lambda 

.988 2.047
a
 1.000 169.000 .154 .012 

Hotelling's 
Trace 

.012 2.047
a
 1.000 169.000 .154 .012 

Roy's 
Largest 
Root 

.012 2.047
a
 1.000 169.000 .154 .012 

Tests of Between-Subjects Effects 

 Measure:MEASURE_1 
Transformed Variable:Average 

 

Source 

Type III 
Sum of 

Squares df 
Mean 

Square F Sig. 

Partial 
Eta 

Squared 

 Intercept 5336.343 1 5336.343 7757.774 .000 .979 

 Part5 3.694 1 3.694 5.371 .022 .031 

 Error 116.250 169 .688 
      

  

 

 

Confidence 

 

Descriptive Statistics 

   
  

Part=5 Mean 
Std. 

Deviation N 

   MeanConfInit n 4.0 .79989 97 

   p 3.7 .80951 74 

   Total 3.9 .81044 171 

   MeanConfPo
st 

n 3.3 .99998 97 
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p 3.4 .83034 74 

   Total 3.346
0 

.92779 171 

   

        
Multivariate Tests

b
 

Effect Value F 
Hypothesi

s df Error df Sig. 

Partial 
Eta 

Square
d 

Confidence Pillai's 
Trace 

.259 59.137
a
 1.000 169.00

0 
.00

0 
.259 

Wilks' 
Lambda 

.741 59.137
a
 1.000 169.00

0 
.00

0 
.259 

Hotelling's 
Trace 

.350 59.137
a
 1.000 169.00

0 
.00

0 
.259 

Roy's 
Largest 
Root 

.350 59.137
a
 1.000 169.00

0 
.00

0 
.259 

Confidence * 
Part5 

Pillai's 
Trace 

.021 3.601
a
 1.000 169.00

0 
.05

9 
.021 

Wilks' 
Lambda 

.979 3.601
a
 1.000 169.00

0 
.05

9 
.021 

Hotelling's 
Trace 

.021 3.601
a
 1.000 169.00

0 
.05

9 
.021 

Roy's 
Largest 
Root 

.021 3.601
a
 1.000 169.00

0 
.05

9 
.021 

Tests of Between-Subjects Effects 

Measure:MEASURE_1 
Transformed Variable:Average 

Source 

Type III 
Sum of 

Squares df 
Mean 

Square F 
Noncent. 

Parameter 
Observed 

Power
a
 

Intercept 4358.31
0 

1 4358.31
0 

3818.969 3818.969 1.000 

Part5 1.068 1 1.068 .935 .935 .161 

Error 192.867 169 1.141 
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