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Chapter 1: Introduction 

 

The literature of both chemistry and education researchers is substantial 

with quantitative results that favor small group interaction as an effective 

pedagogical approach to fostering a deeper understanding of the principles and 

concepts of general chemistry.  Since the early 80s, the literature indicates that 

structured group learning has been a formal part of higher education coursework 

in the sciences (1-3). Roger and David Johnson have published several articles (4-

6) asserting that group learning leads to students learning more material, feeling 

more confident and motivated to learn, having greater competence in critical 

thinking, therefore exhibiting higher achievement and possessing more positive 

attitudes toward the subjects studied.  Other studies have reported that group work 

increases confidence in problem-solving skills (7), encourages females and 

minority students in science (8), and lowers the proportion of misconceptions in 

general chemistry (9, 10).    

THEORETICAL FRAMEWORK 

More recently, a colleague from The University of Texas at Austin 

Chemistry Education group, Dr. Fatima Fakhreddine, accomplished research 

regarding the construction of successful small group interactions designed to 

improve students’ comprehension of general chemistry (11). Her work with a 

small class of chemistry majors (< 80 students) has contributed enormous insight 

into the significance of cooperative learning in the small group initiative. But, 
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more importantly, she has determined the most effective method of structuring 

small groups for the greatest success from these kinds of interactions.  Dr. 

Fakhreddine suggests that groups should be structured so that achievement levels 

of group members are overlapped by closeness in abilities (derived from 

Vygotsky’s Zone of Proximal Development theory (28)), which are initially 

determined by prior knowledge assessment. This method of structuring groups 

precludes students becoming assembled into a situation where one member may 

feel either intimidated by the more knowledgeable student or feels imposed upon 

by a less knowledgeable student. Her recommendation includes periodic 

reevaluation of student achievement levels throughout a semester, so that different 

small groups may be formed on basis of new achievement results; therefore, 

students are not fixed into exclusive achievement levels and may relocate into 

learning settings that are more helpful for their current achievement status. 

The insight gained from the education literature concerning the 

effectiveness of the small group learning environment has been useful to the 

extent that it appears to work very well for small institutions where the class size 

is no greater than 100 students. This is not the circumstance for the students 

attending The University of Texas (UT), especially those registered for general 

chemistry courses, which traditionally have a class enrollment of over 400 

students.  Historically, the general chemistry lecture classes are predominately 

first-year students. For many of these beginning college students, the leap from 

high school to a major university as daunting as UT, can result in a resounding 

hard fall, particularly for those students whose high school graduating class was 
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considerably smaller than the population of their first general chemistry lecture 

class. Nevertheless, whether a student’s secondary education was received in a 

large suburban community or a small rural environment, often the level of 

maturity and learning skills necessary to succeed in large lecture courses develops 

too late for first-year students, particularly in courses, such as general chemistry, 

where the rates of withdrawal and failure ranks among the top ten subjects for 

first-year students1. 

RATIONAL 

At The University of Texas it was evident there was a tremendous need 

for an approach by which student achievement in large lecture general chemistry 

courses could be improved. Considering that UT offers five large general 

chemistry lecture sections, with enrollment capacities of 500 students, during the 

fall semesters, and three lecture sections with the same enrollment capacities, in 

the spring, it was also clear that the method designed to alleviate the stresses on 

student achievement in general chemistry had to be nonspecific to a particular 

semester and to the professor who taught the lecture section. In light of the fact 

that there is an apparent absence of research for such an undertaking, we 

embarked on a three-semester research project in which weekly small-group 

discussion sessions were offered to all the students enrolled in a section of a large 

chemistry lecture course. Our endeavors were initiated by the development of a 

refined protocol for a large lecture class (>400 students) adapted from the 

                                                 
1  Obtained from Learning Center at The University of Texas, http://www.utexas.edu.student/utlc. 
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Fakhreddine “achievement-grouping” model, and the research reported in the 

literature concerning small-group learning.  

 Prior to the commencement of our the studies, the design of our protocol 

was contingent upon addressing the following issues: (1) the process of 

organizing several hundred students into weekly groups of five members or less 

on the basis of their achievement levels, (2) resolving the problem of acquiring 

the necessary space to accommodate a large number of discussion sections, (3) 

administering and scoring groups’ study materials, and most importantly, (4) 

accommodating to the lack of qualified instructors or graduate teaching assistants 

to facilitate the students as they worked in groups.   

Several semesters prior to the investigations reported here, we dedicated 

our efforts to preparation for the studies; as a result most of the hurdles were 

cleared. We requested and received an adequate number of rooms to furnish space 

for all students who elected to participate in the small-group discussions’ 

program.  Together with the collaboration of three colleagues from the Chemistry 

Education group (whose knowledge and research interests revolve around 

developing Web-based chemistry materials for electronic delivery, submission, 

and scoring), we were able to create an electronic registration system in which 

students could sign up for a group section; to design a Web-based pretest to 

determine the students’ prior knowledge and reasoning abilities; to deliver (via 

pdf format), score and collect all chemistry worksheets electronically. Providing 

the adequate numbers of experienced facilitators to oversee the large numbers of 

discussion sections was resolved by recruiting and training undergraduate 
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students from a fairly large cohort of talented individuals who had successfully 

completed their first semester of general chemistry (with a B grade or better).  

This group of students was called Peer Teaching Assistants (pTA’s). 

Our investigations examined two distinct methodologies of implementing 

small-group discussion sessions under the guiding principle of the “grouping-by-

achievement” model. In the first study, we examined the effectiveness, with 

respect to student achievement in a large-lecture general chemistry course, of 

small-group meetings that occurred outside a supervised environment. Subsequent 

to the group meetings, in this study, the participants were then required to attend 

weekly half-hour discussion sessions directed by a team of pTAs as the process 

for monitoring group productivity and offering assistance to group concerns. The 

second study investigated the level of achievement attained by students in an 

alternative chemistry lecture class, who participated in small-group discussions 

under the supervision of a team of pTA facilitators during weekly discussion 

sessions. 

In addition, we investigated two different techniques of training small-

group facilitators to determine what role the undergraduate pTAs should perform 

in affecting a high level of group productivity and student achievement.  

Specifically, we explored the degree in which pTA interaction with small-groups 

appeared to produce the most effective discussion sessions’ experience for the 

student participants. 

In the first two studies, students were categorized by time of their 

participation in the small-group discussion sessions. Subsequently, the 
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achievement of the different group classifications were statistically analyzed for 

achievement as determined by exams scores, and course grades.  In the third study 

the discussion session participants were categorized into groups by the section in 

which they attended, either the pTA-tutored (minimal student interaction by the 

pTAs) section or the pTA-facilitated (no student interaction by the pTAs) section.  

The achievement of the different group classifications was statistically analyzed 

for achievement as determined by the results of a pretest score and a posttest 

score. 

RESEARCH QUESTIONS 

The principal questions, and the related sub-questions, that our research 

sought to answer were: 

1) Will small-group discussion sessions help student achievement in a 

general chemistry course with an enrollment of more than 400 

students?    

a) Would small-group interaction be more beneficial to students if 

group meetings occurred outside a formal classroom or in a 

structured, monitored environment? 

b) Is it possible to adopt a model of “grouping-by-achievement” 

for such a large number of students that will enhance student 

achievement in chemistry during small-group discussion 

sessions? 
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2) Can undergraduate peer teaching assistants (pTAs) be trained as 

effective facilitators of small-group interaction during weekly 

discussion sessions? 

a) Would student achievement be enhanced more if the pTAs 

were trained as strict facilitators (no interaction with students 

during group meetings) or as tutors (minimal interaction with 

students during group meetings) when they direct the weekly 

discussion sessions? 
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Chapter 2:  Literature Review 

The evidence collected from the research literature, which provides a 

reliable foundation for the synthesis of the experimental designs for the 

investigations into small-group discussion sessions, are presented in the following 

order: 

1) Small group initiative 

2) Educational theories of small-group learning 

3) Cooperative group model 

4) Collaborative group model 

5) High performance model 

6) Role of facilitation 

7) Student peer teachers  

SMALL GROUP INITIATIVE 

In mid-1970s, at the University of California, Berkeley, a mathematics 

professor, Uri Treisman, made an interesting observation (13).  He was 

determined to understand why students of certain ethnic backgrounds achieved 

different levels of success in an introductory level calculus course when the 

differences in motivation, academic preparation, family support, or 

socioeconomic status did not exist.  Treisman designed a study in which he 

closely observed the study habits of 20 African American students and 20 

Chinese-American students because the two groups had sharply contrasting 

success in calculus. What he discovered through his observations was that the 

African-American students tended to study in isolation and rarely consulted with 
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other students or asked for help from teaching assistants.  On the other hand, the 

Chinese-American students integrated their study habits into their social lives by 

often meeting in peer study groups. From this experience, Treisman developed a 

mathematics workshop program (now called the Emerging Scholars Program at 

UT) in which he provided mathematics students with collaborative peer problem 

solving experiences.  He later, in 1988, replicated the program at The University 

of Texas. As a result of Treisman’s research and of others (4,5), there were 

convincing indications that learning in isolation was not as effective as learning in 

peer groups. In response to these initial findings, the small-group initiative has 

become one of the most researched learning strategies in the history of 

educational innovations (14). 

EDUCATIONAL THEORIES OF SMALL-GROUP LEARNING 

One of the underlying educational philosophies that has been attributed to 

the success of the small-group learning models is the theory of constructivism. 

The characteristic of constructivism, which is generally accepted, is that the 

learner is an active participant in the learning process who constructs a personal 

meaning from the situation (15,16,17). Johnson and Johnson suggest that students 

do not passively accept knowledge, but instead they activate existing cognitive 

structures or construct new ones as a method to include the new input. (18).  

Rubin (19) suggests that teacher-centered instruction, such as lecture, has the 

advantage of communicating information in a complete orderly form but student-

centered methods, such as discussion, are considered more effective in developing 

higher-order intellectual skills. Reports by McKeachie (20) and Pintrich (21) 
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indicate that student-centered techniques of learning improve application of 

concepts, problem solving, attitude, motivation, group membership, and 

leadership skills. 

Three theoretical perspectives, according to Rubin (19), support small-

group interaction: the cognitive approach, motivational theory, and social context.   

The cognitive approach focuses on the strategies of information 

processing. Svinicki, at The University of Texas, suggests that learning is 

maximized when students organize information, make their own connections with 

it, and apply it to new contexts, in her words, “act on information in ways that 

make it more meaningful” (22).   

The motivational theory is concerned with how learning is initiated and 

sustained.  According to Pintrich (21), “self-regulation” of cognition and behavior 

is an important aspect of student learning and academic achievement. He proposes 

that there are three motivational components of self-regulated learning: (1) an 

expectancy component, which includes a student’s beliefs about his or her ability 

to perform a task (self-efficacy), (2) a value component, which includes the 

students’ goals and their beliefs in whether the task is important or interesting, 

and (3) an affective component, which includes the emotional reactions of 

students to a particular task. The most influential of the three motivational 

components in respect to student learning and academic achievement, according 

to Shunk (23), and Bandura (24), is self-efficacy. In general, self-efficacy is 

students’ beliefs that they are capable of performing a task. The research indicates 

that students who believe they are able to perform a task will use more cognitive 
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strategies and are more likely to persist at the task than students who do not 

believe they can perform the task (23,24,25).   

The third theoretical component supporting small-group learning is the 

social context associated with cooperative learning. This theory suggests that the 

environment most conductive to learning is interaction and cooperation between 

students. An article by Ryan (26), at the University of Illinois, suggests that the 

socialization process that occurs between peers may influence motivation, 

engagement, and academic achievement through information exchange, modeling, 

and reinforcement of peer norms and values. 

In a publication by Johnson, Johnson and Smith (27), they propose that 

cooperative learning is based on social interdependence, which views cooperation 

as a result of positive interdependence between individuals’ goals, on the 

cognitive-developmental theory, which views cooperation as essential component 

of cognitive growth, and on behavioral learning theories, which make the 

assumption that students will work hard on tasks for which they are rewarded and 

will fail to work on tasks that yield punishment or no rewards. The social 

interdependence theory, as defined in the paper, contains three potential structures 

that will promote cooperation, competition, or individualism during conditions of 

learning. The positive interdependence structure (cooperation) provides learning 

situations to promote interaction as individuals encourage and facilitate each 

other’s efforts to learn. The negative interdependence structure (competition) 

presents learning conditions that promote oppositional interaction as individuals 

discourage and obstruct each other’s efforts to achieve. The functional 
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interdependence structure (individualism) is a learning environment in which 

individuals work independently with no interaction between others. The 

cognitive-developmental theory proposes that cooperation allows different 

perspectives to be coordinated by individuals who share a common goal. 

Vygotsky (28) believed that an essential component of knowledge construction is 

that cooperation with more capable is necessary during students’ efforts to learn, 

understand, and solve problems in order to achieve results in cognitive 

development and intellectual growth.   

Over the years, several structured group traditions have been developed.  

Most notable are the cooperative and collaborative models of structured group 

learning. The differences, however, between the two traditions are often 

confusing.  In a review by Coppola, (29) the distinctions are addressed and clearly 

defined. According to Coppola, the collaborative tradition is internally structured 

in a manner in which the individuals in the group organized themselves in order 

that specific skills are matched to the varied responsibilities needed to perform a 

task.  In contrast, the cooperative tradition is externally structured in a manner 

that optimizes task performance by assigning roles to the individuals in a group. 

Davidson (30) defines cooperative learning as uniting to produce an effect, (for 

example, enhanced achievement), and collaborative learning as uniting to produce 

a result (for example, a composition). In an effort to clarify the distinctions, a 

description of the key features and corroborating evidence of the “learning 

benefits” of both structured group traditions are discussed below. 
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COOPERATIVE LEARNING MODEL 

Of the small group models, cooperative learning has been the most 

extensively applied and researched in the domains of science education (31-34).  

In cooperative learning, groups of students (usually 3-6 members) are externally 

structured by authoritative leaders, for example, instructors or graduate teaching 

assistants. The groups are selectively composed of students who will provide 

group heterogeneity relative to ability, gender, and ethnicity. Once assembled, 

each member of a group is assigned a role (for example, manager, recorder, and 

reporter), which is intended to organize the responsibilities of each member 

toward the accomplishment of a given task. Credit for the accomplishment is 

distributed equally to all members thereby holding the group accountable for 

collective learning. The instructor, the center of authority, is responsible for 

explaining the task at hand, maintaining group interaction, and providing 

assistance in overcoming academic related problems during task achievement 

(35). Cooperative-group learning is considered most favorable when basic 

knowledge is sought and where clear definitions or agreement exist (36).  

Over a period of 35 years, Johnson and Johnson have conducted the most 

comprehensive research into the benefits of cooperative learning. Through their 

collective work they have proposed three types of learning groups: (1) the formal 

cooperative-learning group, which may be structured to last for a single lecture 

period to many lecture periods to “ensure active cognitive processing of 

information during a lecture period”, (2) the informal cooperative-learning groups 

are structured primarily for very short periods, a few minutes to an entire lecture 
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period. (The groups are formed for discussion following a demonstration, a film 

or video, or may be constructed to bring closure to a lecture class by group 

discussion of the lecture topic), and (3) the cooperative base learning groups, 

which are long-term groups (an entire semester) in which the members support, 

encourage, and assist the needs of the other members for the purpose of enhancing 

achievement academically. (37)   

Slavin (1989), who has also published numerous books and articles on 

cooperative learning, stresses that there are two conditions that must be present in 

cooperative groups if achievement effects are to be produced: (1) there must be a 

goal that is important to the group and (2) the success of the group must be 

dependent upon the individual learning of all group members. 

The data supporting the positive outcome of cooperative group learning in 

science are summarized by a meta-analysis2 report by Bowen (38).  

The Bowen reference offers a comprehensive quantitative evaluation of 59 

studies in science, mathematics, engineering, or technology, which have reported 

data indicating enhanced achievement through cooperative learning. Bowen’s 

conclusion is that cooperative learning has a significant and positive effect on the 

achievement outcome of the nearly 3,500 college students and 1,500 chemistry 

students involved in the 59 studies. Moreover, nine of the studies collected data 

on student persistence while eleven collected data concerning student attitudes.  

                                                 
2 A meta-analysis is the review of the combined results from many different studies.  The results 
from each study are normalized by determining the effect size and compared to the overall effect 
that a particular instructional approach, e.g., cooperative learning, may have.  Effect size is 

determined by the following equation: treatment group control group

control group

Mean Mean
Effect size

Standard deviation
−

=             
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These data, assessed in a separate meta-analysis, indicated that both students’ 

persistence in and attitudes toward science courses were enhanced as a result of 

their experiences in cooperative learning.   

In a report by Johnson and Johnson (39), a meta-analysis was performed 

on 133 investigations with adults who participated in cooperative group work.  

The results of analyses indicated that adults performed better when tasks were 

preformed in a cooperative format as compared to same tasks performed 

individually or in competitive format. Newman and Thompson (40) concluded 

from a meta-analysis of 28 studies performed on secondary school students, that 

cooperative learning is effective in improving student performance, but only when 

incentives were offered to the students. 

A longitudinal study conducted by Felder (41) involved a cohort of 

chemical engineering students who had remained in a sequence of five courses 

taught by him in the chemical engineering curriculum at North Carolina State 

University.  The instructional approach used for all five courses was, by his 

description, “active-inductive-cooperative learning”. The lecture material in his 

courses was presented inductively (he related facts to familiar phenomena, then to 

theories, and finally to mathematical models) and he provided in-class group 

assignments. The conclusion from his analysis of the long-term study was that the 

students who reminded in all five classes performed at a higher level, became 

very proficient at formulating problems that required creativity, and had a 

remarkable sense of community.  He also noted that there was a significant impact 

on student retention in the five courses as well as an unusual interest shown by 
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industrial recruiters who were attracted by the students who had extensive 

experience with working in cooperative groups. 

A research report by Towns (42), at Ball State University, presented the 

quantitative and qualitative results of an investigation to determine the effect that 

small-group activities had on students. Her analysis suggested that students who 

participated in small-group activities during an undergraduate physical chemistry 

course had a greater sense of community in the classroom, and as a result, they 

were more inclined to facilitate each other’s learning by sharing approaches to 

problem-solving, which had an overall effect of increasing student achievement in 

the course. 

An investigation, conducted by Kogut (43), compared the students 

attending two separate general chemistry courses, both taught by him.  In one 

course, the students participated in team learning outside of a classroom 

environment, and in the other course, the students attended lecture only. His 

results supports previous findings that the students who participate in small-group 

work are more inclined to increase time devoted to studying, are encouraged to 

help other group members learn, and consequently, they achieved a higher level 

of knowledge in the chemistry course. 

Paulson, a veteran professor at California State University, who 

introduced cooperative learning, classroom assessment, and active learning into 

his organic chemistry classes in 1995, reported an interesting paper (44).  After 23 

years of using the traditional lecture format with overheads, class handouts, 

weekly   reviews outside of class and extended office hours, he felt compelled to 
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change the design of his lecture courses for the following reason (in his own 

words): 

About four years ago I reached the conclusion that it was unacceptable for 

a university professor to fail to educate more than 50% of his students and 

I decided to do something about it—specifically, to change the way I teach 

organic chemistry—Donald Paulson 

As the result of the change from a traditional lecture format to a class with active 

learning and group learning, he concluded that his students were able to enjoy 

organic chemistry while increasing their abilities to participate in in-depth 

discussions of open-ended problems.  In addition, he reports that the students’ 

retention rate dramatically increased from the 50% withdrawal that he 

experienced prior to his lecture transformation. 

COLLABORATIVE LEARNING MODEL 

In comparison, the collaborative learning model establishes groups (dyads 

or groups with up to six members to promote self-governance and individual 

accountability. Members are usually randomly selected which often results in 

group homogeneity in respect to ability, gender, and ethnicity.  Facilitators, rather 

than authoritative leaders, are present but assert little interaction during group 

discussion.  In most instances, the task assignment is given in advance of group 

meetings. In these situations, students are required to work through the task 

individually and come to meetings prepared to elaborate his or her perspective on 

the solution to the task. This exercise is intended to heighten the discussion 
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between group members, and consequently, deepen the perception of the 

underlying concept through conflict and shared understanding (19,45,46).  

Following group interaction, students are tested and receive credit individually.  It 

has been reported that this learning approach is most effective where the subject’s 

material is either generally perceived as abstract and difficult or has no clear 

defined answers  (46). 

Although the quantitative research is scarce concerning the effectiveness 

of collaborative learning, there are a few interesting highly qualitative studies that 

advocate this model as the preferred methodology for improving students’ 

conceptual knowledge (47,48). A study of concept learning in a physics course by 

van Boxtel at Utrecht University in the Netherlands (49) reports data that were 

quantified by administering a pretest and posttest and through the use of concept 

mapping. The indications of this investigation are that collaborative learning may 

be particularly valuable for advancing concept learning through the conflicts that 

arise when elaboration of explanations are necessary to alleviate confusion among 

the members of the collaborative group.  

Benvenuto (50), at University of Detroit Mercy, developed another 

innovative project utilizing collaborative-learning groups. He divided all the 

students in one of his general chemistry courses into groups and assigned each 

group to produce and present one of the lectures for course. The result of the 

study showed an increase in final exam scores when compared to the final exam 

scores of the three previous years (which were the same final exams). He reported 

that the students in the study devoted more time to study, they felt more 
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accountable for their course grades, and they learned to work productively in 

groups. However, a limitation of this type of student involvement in lecture is 

restricted by class size; it would be difficult to perform with enrollment greater 

than 100 students. 

HIGH PERFORMANCE TEAM MODEL 

The high performance team has, essentially, no tradition in the educational 

literature. In fact, Katzenbach and Smith developed the nature, structure, and 

potential of high performance teams in their book, The Wisdom of Teams (51). 

After several years of intensive research into successful and productive teams in 

the business community, Katzenbach and Smith produced the following definition 

for a high performance team: 

A team is a small number of people with complementary skills who are 

committed to a common purpose, performance goals, and approach for 

which they hold themselves mutually accountable. 

According to Katzenbach and Smith, teams that show particularly high 

performance have members who are deeply committed to one another’s personal 

growth. Initially, it appeared that a high performance team is simply another name 

for the collaborative model, however, after careful consideration of the details 

associated with its structuring, it became apparent that a productive team is a 

hybrid of the two group-learning traditions discussed above. A high performance 

team is collaborative in the respect that the team members are self-governed and 

individually accountable for group performance. On the other hand, a team is 
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structured by an authoritative figure that selects members based on skills. This 

external structuring tends to cause internal organization of the responsibilities of 

each member toward the accomplishment of a given task.  But more importantly, 

team success is not just the responsibility the individual members, but is measured 

by the success of all members. In other words, if one member fails, the entire 

team fails—individual and collective accountability. 

In a report by Ngeow (52) there are five critical attributes that are common 

to any group learning approach: 

1) A task should be designed to engage a group toward sharing 

learning goals. 

2) The size of a small group should be between 3-5 students. 

3) The behavior of cooperation involves building trust between 

members. 

4) That by setting mutual goals, a group will develop positive 

interdependence.3 

5) Each student in a group is expected to commit to a task and to be 

individually accountable to group performance.  

Regardless of the model selected for group structuring, the current 

research suggests that a protocol for effective group structuring must meet the 

requirements for (a) an instrument of assessment for the group member’s prior 

knowledge and potential for perception of the subject matter, (b) a method of 

maintaining accountability for group performance, and (c) skillful leaders to 

                                                 
3 Positive interdependence is the perceived belief of each member, in a small group, that he or she 
is unable to complete a task without coordinated effort of all the members of the group. 
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facilitate group activity principally through the Socratic methodology. (5,14, 

20,26) 

The first requirement for a knowledge assessment instrument is an 

important factor when grouping students for the purpose of acquiring knowledge.  

David Ausubel, (53) leading educational psychologist on the theory of cognitive 

learning, makes this fundamental assumption: 

If I had to reduce all of educational psychology to just one principle, I 

would say this:  The most important single factor influencing learning is 

what the learner already knows.  Ascertain this and teach him 

accordingly—David Ausubel 

In a group learning environment, it is not only necessary to establish the 

individual members’ prior knowledge, but make certain assumptions that 

acquiring knowledge will be facilitated by assembling students with different 

levels of cognitive skills.  This can be more easily understood by the theories of 

Vygotsky (28,54), which argues that students are more likely to develop higher 

levels of knowledge if they are associated with more capable peers. Students in 

heterogeneous groups, with respect to their nearness in abilities, will learn 

through a scaffolding effect, that is, the lower achievement student will learn from 

a higher achievement student (54,55,56).  In the high performance team modeling, 

this would be the criterion for the external structuring. The teams could be 

assembled according to the differences of achievement as indicated by the 

Vygotsky theory and determined by the results of a prior knowledge assessment 

instrument. 
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The method of maintaining accountability for group performance could 

involve a problem-solving task that is made available to each of the team’s 

members in advance of team meetings. All members are be expected to be 

individually prepared to ask specific questions about problems in which he or she 

is having difficulty understanding, as well as, to elaborate his or her conceptual 

interpretation of the problems that do not pose any particular difficulty 

(57,58,59,60).  In the high performance team model, the collective accountability 

would be the submission of answers to a single problem set in which all members 

have reached a consensus concerning the solutions to the problems. Consistent 

submissions of incomplete problem sets or low performance on the problem sets 

could lead to unfortunate consequences if the students wish to continue in the 

team learning program. Individual accountability could be assessed by 

performance on questions given during lecture exams that were related to the 

teamwork problems in discussion sessions (20,58). 

The last requirement for effective group structuring requires that skillful 

leaders are available to facilitate group activity (61). In the high performance 

team model, it is left to the organizer to determine if a facilitator should be either 

a member of the team (internal) or an individual outside the team (external), who 

will monitor team interaction and task performance. Considering that teams are 

comprised of students, who at times, can be easily distracted from the task at 

hand, the latter situation would appear to be more appropriate for effective small-

group interactions for the purpose of enhancing academic achievement. 
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ROLE OF FACILITATION 

  The definition of the word facilitate in Webster’s dictionary is  “to make 

easier, to lighten the work of; assist; help”. Consequently, facilitation concerns a 

process rather than content.  A facilitator is a process guide, someone who makes 

a process easier or more convenient. The facilitator of a group, therefore, guides 

the individuals that make up a group toward a destination.  Listening is a very 

important part of facilitation.  Group facilitation requires that the facilitator listen 

in depth to what is being said and what is not being said. For example, is the 

group discussion focused on task at hand, or is the discussion a series of 

complaints, blaming others, self-criticism, or unrelated events. Facilitation also 

involves the use of questions and suggestions (interventions) to encourage 

participation or understanding through reasoning. The group facilitator has sole 

role of effectively helping the group to turn its collective attention back to its 

purpose and performance challenge (51).  

Research published by Barrows and Tamblyn (62) suggests that the role of 

the facilitator is helping the learning of students rather than to convey knowledge. 

He emphasized that students must be able to determine on their own what they 

need to know and learn through the study of varied resources.   

Knowles (63) outlined five important elements that should be considered 

when a preparing a prospective peer-tutor for the duties of peer facilitation: 

1) The facilitator must learn to help the learners become acquainted with 

each other as individuals and as mutual learning resources. 
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2) The facilitator must approach his or her duties with the understanding 

that the students must be allowed to take ownership of their learning 

processes. 

3) The facilitator should help students design learning plans, and develop 

strategies for accessing resources; 

4) The facilitator must consider, beforehand, what part of the learning 

should be his or her responsibility and what the students should be 

responsible for collectively and individually; 

5) The facilitator should know how to give constructive feedback to the 

students so as to enhance the collaborative learning process. 

 Wilkerson et al (64) describes group facilitators as effective when they 

allow students to initiate and sustain discussion using only infrequent questioning 

to guide the group process. The authors continue to suggest that effective group 

facilitators probe for understanding, encourage students to listen to each other, 

tolerate silence, and foster a feeling of cooperation rather that competition.  

A study by Needham and Begg (65), determined that an essential role of 

facilitators of learning is to correct basic misconceptions that might be leading an 

individual or the group as whole astray.  In other words, if students are in a 

problem-solving situation and are allowed to proceed with incorrect conceptual 

information, the benefit of the problem-solving approach to explain future 

analogous problems is lost. 



 25

STUDENT PEER TEACHERS  

Studies involving student peer facilitators were initiated by the faculty at 

the medical school at the University of Limburg in the Netherlands (66) in which 

they compared groups of students who were either facilitated by faculty or 

content-expert student facilitators or student facilitators who were not content 

experts. The group performances and the resulting test achievement of the 

different student groups were evaluated.   

The rational for the study relied upon two theoretical behavioral 

constructs, the Role Theory and the Cognitive Congruence Theory (67). The “role 

theory” suggests that role similarity of student facilitators (expectations, 

responsibilities, and status) should have beneficial effects on the motivation if the 

facilitators are committed and enthusiastic. The “cognitive congruence theory” 

suggests that the cognitive structures differ between the experts and novices. This 

theory implies that there would be cognitive incongruence between staff and 

students and cognitive congruence between student and student tutors. 

Consequently, it was hypothesized that students would learn more as a result of 

the familiarity with the language, concepts, and examples when presented by the 

student tutors.   

The results of the study showed no differences in the test scores achieved 

between the faculty-led groups and the student-led groups. Through the analysis 

of a questionnaire, students who were led by the faculty or by subject experts 

(experts who were students and who were training in specific fields of medicine 

that related to the material of discussion during group interaction) found the 
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experience to be more pleasant than the group that was led by the student tutors.  

Therefore, the study suggests that if student satisfaction is a goal of group work, 

then the content-expert student tutors may perform as well as faculty.   

A similar study of law students at the University of Limburg indicated that 

the student-tutored group (expert or non-expert) scored higher on essay-type 

questions of higher-order concepts when compared with the students in the 

faculty-led groups. 

  A study by Schmidt (68), conducted in Limburg, found that students who 

were facilitated by student content-experts spent more time on self-directed study 

and had higher achievement scores. The findings were most noticeable in first-

year students, suggesting that beginning students are more dependent on the 

student-tutor’s expertise than students who are more advanced.  The findings by 

work of Rafoth (69) suggest that successful students influence unsuccessful 

students by identifying important information in “teacher talk”, how to study, and 

how to prepare for exams. A study by Forsyth (70) identifies a social dynamic 

that occurs in many classrooms in which students attempt to lower the academic 

expectations of teachers, called “social loafing”.  According to Hansen, (71), in 

small-group work, the “social loafer” will cause group members, who do not want 

to be taken advantage of, to reduce their efforts. However, Hansen suggests that 

successful peer teachers can counteract the trend for “social loafing”.   

There are several research studies indicating that undergraduate peer-

facilitated group work has been successful in enhancing students’ knowledge in 

chemistry (72-76). One particular initiative, the Peer-Led Team Learning (PLTL) 
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Dissemination Project (77), emphasizes a training program for undergraduate 

peer-leaders for the outcome of effective group learning. Originated at City 

College of New York in New York City, this project’s success has reached a level 

of procuring funding to provide workshops throughout this nation’s universities, 

colleges and major chemistry conferences, which support chemistry education.  

However, the majority of published literature concerning the results of the project 

has been more anecdotal testimony rather than quantitative studies.  For those few 

studies that do quantify the results of peer-led group interactions, it is not at all 

apparent whether it is the influence of the peer facilitators or the result of the 

student’s involvement in group work that is responsible for the enhanced 

achievement by the students in chemistry.  Furthermore, there do not appear to be 

many studies that have directly examined the role of the undergraduate peer 

leader in producing more effective group performance. Another concern that 

emerges from the PLTL model is the peer facilitator to student-team ratio. By all 

accounts, the protocol design requires one peer-leader for each student-team (≤6 

members). The numbers of peer-leaders that would be necessary to recruit and 

train for large lectures courses, with student enrollments greater than 100 

students, would not be practical. This facilitator-to-group ratio also poses the 

question of whether a ratio of one peer facilitator to more than one group would 

be as effective in heightening student’s chemistry achievement as the results 

suggest in the PLTL model. 

A similar program, the American River College Beacon Project, Student 

Catalyst Program, involve students in a Peer Assisted Learning program.  In this 
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initiative, semester-long collaborative study groups in selected math and science 

are established and facilitated by learning assistants (LA) who are faculty 

selected. The learning assistants go through extensive training, which includes six 

hours of preliminary training (prior to the beginning of the semester), four ninety-

minute monthly meetings, and enrollment in a self-paced tutoring class.  The 

primary focus of the program is to provide group study sessions (5-12 students 

per group) for “at-risk” students. The initial results of the on-going study indicate 

that the faculty felt the learning assistants had improved the level of course 

performance of student participants. The students who participated in the program 

reported a greater sense of competency and social connection with their 

classmates and instructors (78). 
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Chapter 3:  Methods and Materials 

 

The investigation involved a three-part study, in which each experiment 

bridged a long semester, either the fall or spring.  The first two parts were studies 

conducted with students enrolled in a general chemistry level I course (CH 301), 

and the third was conducted with students enrolled in an introductory chemistry 

section (CH 304K). The individual studies were administered during separate 

semesters using classes of three different chemistry professors.  All the studies 

were designed to determine if the achievement of students enrolled in large 

lecture courses (>400 students) could be enhanced by small-group discussion 

sessions lead by undergraduate facilitators.   

EXPERIMENT ONE 

This investigation into the construction of a small-group discussion 

session’s program had five primary objectives: (1) to establish a system in which 

several hundred students could be placed into numerous small discussion 

sessions, (2) to administer a protocol for grouping students within the framework 

of their prior chemistry knowledge, (3) to train between 15 and 20 undergraduate 

students to be effective facilitators of the discussion sessions, (4) to determine the 

viability of small-group interaction external to a formal classroom environment, 

and finally, (5) to quantify the success of the program as a function of the level of 

achievement attained by the student participants. 

As discussed in chapter two, it is believed that group work is considerably 

more beneficial if the students engaged in active learning can with scaffolding 
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may take place through the interaction of a less knowledgeable student with a 

more knowledgeable student (77, 78). However, during the process of group 

interaction, the difference in the students’ knowledge should not be so great that a 

student participant would feel either intimidated by the more knowledgeable 

individual or feel imposed upon by a less knowledgeable student participant.  One 

of the principal questions considered in the study was whether an instrument 

could be fashioned that would reflect a student’s prior knowledge for the purpose 

of designing the most productive group structure for such a large number of 

students.    

To provide the best conditions for success in learning chemistry, the 

students attended weekly discussion sessions (≤ 25 students) where they were 

further organized into groups of four or five members based on an assessment of 

their individual achievement levels.  In addition, the program design included a 

requirement for groups to meet weekly at a time independent of the student’s 

scheduled discussion session. The function of the discussion sessions was 

twofold: to offer an environment (1) where students could seek help from trained 

undergraduate peer teaching assistants with problems that could not be resolved 

during group interaction, and (2) where group accountability could be enforced, 

group integrity would be supervised, and student attendance would be monitored. 

The success of the program in terms of student achievement and 

gratification would rely to a great extent on the participant’s enthusiasm and self-

discipline.  In other words, was it reasonable to assume that a significant number 

of students exposed to small-group interactions outside of a supervised classroom 
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situation would recognize the value of peer discussion for acquiring knowledge, 

and therefore, willingly engage in group endeavors, and thereby, gain insight into 

a valuable tool for learning how to learn?  The answer to this question would 

appear to depend, to a great extent, on the degree of esprit de corps and the degree 

of success the groups achieved while acquiring chemistry knowledge. 

The Sample Population 

The experimental population was students registered for one section of CH 

301, a freshman level general chemistry I lecture course in the Department of 

Chemistry and Biochemistry, College of Natural Sciences, at The University of 

Texas at Austin.  The course was offered for an hour and a half on Tuesdays and 

Thursdays of the fall semester of 1999 and was taught by a prominent, award-

winning professor of “Teaching Excellence” in chemistry.  The author was one of 

the two graduate teaching assistants (TA).  Two of the discussion session’s peers 

teaching assistants were also appointed as undergraduate TAs for the lecture 

course. 

Generally, CH 301 satisfies the first semester of a general chemistry 

requirement for students pursuing fields in engineering and the natural sciences. 

By and large, students who have declared chemistry as their major subject of 

study satisfy their general chemistry requirements in smaller sections (50-70 

students) designed specifically for chemistry majors. The final enrollment for the 

CH 301 lecture course, following the twelve-day add/drop period, was 446 

students. 
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On the first day of class, the professor delivered an explanation of the 

discussion session’s program to the students in attendance in his lecture section. 

The details of the program were also included in the course syllabus for those 

students who had not attended the first day of classes, or were in the process of 

adding the lecture section. Since student participation was voluntary, the professor 

offered a maximum of ten points out of a possible 200 points to be added to each 

of the four in-class exams to any student who participated.  These points may 

have appeared as an enticing incentive to the majority of students, they were, 

however, roughly only 3% of the total achievable points for the course. Short 

quizzes were arbitrarily given at the end of a lecture by the course professor—

these were given throughout the semester and usually pertained to the material 

discussed on that particular day.   Student could earn a maximum of 40 points for 

quizzes given during the semester. The professor provided a list of suggested 

problems from the end of chapter questions, but no homework was turned in for 

grading.  The number of points accumulated from the quizzes (40 points), lecture 

exams (840 points), and final exam (300 points) determined the course grade. 

Interested students were asked to sign up for one half-hour discussion 

session through a computer generated registration site before the twelfth day of 

classes. At the end of the sign up period, the 357 students who signed up 

discussion session’s program were noted as DS-participants (Discussion Session’s 

participants). 

In addition to the discussion sessions, all students registered for the lecture 

course had the following options for assistance with chemistry:  
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1) Two weekly help sessions provided by a gifted local high school 

chemistry teacher. 

2) Office hours held by the graduate and undergraduate TAs. 

3) Attend a two-hour review session prior to each exam 

Discussion Sections 

We decided that the small-group discussion sessions should include no 

more than 25 students. To provide an adequate number of rooms for a large 

number of discussion sections, the chemistry computer labs in Welch Hall (the 

chemistry building) were utilized. Reserving the PC lab for one nine and a half-

hour block (8:00am-5:30pm) for one day each week (Monday) for the duration of 

the fall semester supplied room for 19 thirty-minute discussion sessions. With a 

maximum of 25 students per section; the large numbers of students who elected to 

participate were accommodated in a single day. This particular setting was ideal 

since the ready availability of computers was an essential part of the experimental 

protocol. The sessions were facilitated by a team of highly trained undergraduate 

peer teaching assistants (pTAs) assigned to one-hour time-blocks throughout the 

day. 

Peer Teaching Assistants 

The undergraduate peer teaching assistants were students who had 

successfully completed (with a grade of A or B) their basic general chemistry 

undergraduate chemistry requirements, including several who had completed two 

semesters of organic chemistry as well. The author actively recruited these 

individuals as pTAs from her personal encounters with and knowledge of the 
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students’ outstanding abilities in the discipline of chemistry. In a few cases, the 

undergraduates who were selected to participate as pTAs had as many as four 

semesters of previous experience with facilitation of small-groups during previous 

chemistry education projects conducted by the author.   

 

Table 3.1. Discussion Section Experiment 1 

 Discussion Session Sections  

Section Time Sub-block

1 8:00am – 8:30am 
8:30am – 9:00am 

A 
B 

2 10:00am – 10:30am 
10:30am – 11:00am 

C 
D 

3 11:00am – 11:30am 
11:30am – 12:00pm 

E 
F 

4 12:00pm – 12:30pm 
12:30pm – 1:00pm 

G 
H 

5 1:00pm – 1:30pm 
1:30pm – 2:00pm 

I 
J 

6 2:00pm – 2:30pm 
2:30pm – 3:00pm 

K 
L 

7 
3:00pm – 3:30pm 
3:30pm – 4:00pm 
4:00pm – 4:30pm 

M 
N 
O 

 

The pTAs were assigned as a team of three members to a one-hour block 

for the exceptions of the pTAs who were assigned to the first and final sections of 

the day; only two pTAs facilitated the first hour and a team of three pTAs agreed 

to facilitate the last three half-hour sections. The numbers of sections were 

determined by the specific assignments of the seven leaders of the pTA program. 
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Each leader’s blocks of time were designated as a single section.  The half-hour 

sub-blocks within each section were labeled with a letter representing the actual 

time of day the sub-section met (see Table 3.1). 

Each team was comprised of one leader, one intermediate, and one novice.  

The requirements for the categories of pTA are as follows: 

1) The leader must have had at least two semesters of chemistry 

teaching experience as a peer teaching assistant, and must be 

registered for CH 369K (a three-hour upper divisional research 

course in which a letter grade was given).  There was one 

exception made for an individual who did not satisfy these 

qualifications. A student from the previous semester had 

demonstrated such extraordinary teaching skills and chemistry 

knowledge, that this individual was given the role of leader with 

only one former semester of pTA experience. 

2) An intermediate was required to have had contributed at least one 

earlier semester as a pTA and be registered for CH 206K (a two-

hour lower divisional research course in which a letter grade was 

given) or CH369K. 

3) The novice had no preceding experience as a pTA, but had shown 

high level of chemistry understanding and great enthusiasm for the 

goals of the program (a requisite of all pTAs).  These students 

were required to register for CH 206K. 
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The 19 undergraduate students who participated as pTAs for the 

discussion sessions are characterized below: 

1) Seven pTA leaders: 

a) Three with four previous semesters of experience as a peer 

teacher. 

b) Three with three previous semesters of experience as a peer 

teacher. 

c) One with one previous semester of experience as a peer 

teacher. 

2) Seven pTA intermediates: 

a) Two with two previous semesters of experience as a peer 

teacher. 

b) Five with one previous semester of experience as a peer 

teacher. 

3) Five pTA novices: 

a) This was the first semester as a peer teacher for all in this 

category. 

MATERIALS 

Pretest 

For the intention of evaluating the sample population’s prior knowledge, 

17 questions, which were approximately 80% conceptual and 20% algorithmic, 

were selected from the literature of several chemistry educators to formulate a 

pretest. (59,60,79-84) Two additional opinion questions were also added to the 
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end of the assessment test in order to solicit the student’s perception of what was 

the most difficult and least difficult question in the pretest (see Appendix C).   

The pretest and accompanying electronic scantron was delivered and 

scored through a Web site linked to the lecture course Web page.  The student 

participants were instructed to access, complete, and submit their answers to the 

pretest within the twelve-day drop/add period. An electronic timer allowed the 

students one half hour to complete the assignment. Based on the test results, 

students were categorized into levels of achievement: high achievement, middle-

high achievement, middle-low achievement, and low achievement.   

Pre-Course Survey 

The author created a 16-question pre-course survey for the intention of 

gaining a better insight into the following: (Appendix D) 

1) Obtaining a general profile of a student’s background and goals. 

2) Establishing a student’s previous experience in the subject of 

chemistry. 

3) Ascertaining a student’s preconceived feelings of learning 

chemistry, and if those feelings are affected by a large lecture class 

environment. 

4) Establishing a broad understanding of a student’s motives and 

study habits. 

The pre-course survey and electronic answer sheet were delivered and 

scored through a Web site linked to the lecture course Web page. The student 

participants were instructed to access, complete, and submit their answers to the 
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pre-course survey within the twelve-day drop/add period. At the beginning of the 

experiment, the survey was analyzed to determine if any factor was a significant 

indicator of a student’s potential for success or failure in learning chemistry, i.e., 

the student had no prior chemistry courses, or the student had taken advanced 

chemistry courses in high school. 

Problem Sets 

During the semester, a set of 20 to 25 chemistry questions was collected 

by the pTA leaders and author for each discussion session (see Appendix E). The 

focus of the problem sets (PS) was centered on the current topics in the lecture 

and was reviewed by the lecture professor prior to posting.  A few were original 

questions created by the pTA leaders and graduate TA, but most were taken from 

the test bank that accompanied the course text book. The PS was delivered in pdf 

format through a link on the course Web site. There were ten different PS forms, 

but the questions were essentially the same, only asked differently.  Each group in 

a discussion section (DS) received a different version of the PS for their weekly 

group meeting. A single member of each group submitted the answers weekly. 

There was a one-week submission deadline, after which, no points were allotted 

for the assignment.  A percentage of the submitted correct answers was used in 

tabulating the number of DS-points that would be added to the ensuing lecture 

exam. (See Appendix A1 for determination of points.) The correct answers to the 

problem sets were posted via the course Web site within a twenty-four hour 

period following the submission deadline. 
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The problem sets were made available to all the students during the 

investigations, regardless of whether an individual chose to participate in the 

program.   

Quizzes 

Every week, during the session, the DS-participants took a short quiz on 

the computer over the previous week’s PS materials (see Appendix F).  It was the 

responsibility of the groups to seek help, prior to the quiz, if there was difficulty 

in understanding certain concepts covered on the PS. The number of questions on 

the quizzes was limited to four or five to allow students the time to seek help for 

their group concerns. The main objectives of the quiz were to take DS attendance 

and to compare the knowledge level of group members. A certain percentage of 

the correct quiz answers were also utilized in determining the sum number of DS 

points to be added to the upcoming lecture exam.  Although the student was given 

immediate feedback in terms of a number of correct responses, the answers to the 

quizzes were posted in pdf format via a link on the course Web page.  

Evaluations 

An evaluation form was created to verify the cooperation of individual 

members during the unsupervised weekly group meetings (see Appendix G). 

Discussion session participants were asked to assess the performance of their 

respective group members on a scale of one to five (1 = poor, 2 = fair, 3 = good, 4 

= very good, and 5 = excellent). The bulk of the assessments queried each 

member about the contributions, during the small-group meeting, given by his or 

her individual group associates to the understanding of the different topics 
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covered on the PS. During the course of the semester, the evaluations were 

administered on four occasions through a Web site linked to the lecture course 

Web page.  The time intervals between each of the evaluations coincided with the 

lecture exam dates. A final evaluation of the discussion session’s program was 

given during the last week of classes (see Appendix G). 

Following the submission period, the author evaluated the individual and 

average scores for all the groups.   

METHODS: THE EXPERIMENTAL DESIGN 

Discussion Session Participants 

 Discussion session participants met in their respective sections during the 

second week of classes. During the first meeting, the graduate TA and each of the 

pTAs, who were assigned to the particular section, presented a brief introduction 

of himself or herself. A lengthy disclosure statement, outlining the policies 

associated with participation in the discussion sessions, was distributed to the DS-

participants and subsequently discussed by the graduate TA. The following 

guidelines for participation were emphasized: (Appendix A) 

1) The Monday discussion sessions were completely voluntary and 

accessible to students’ registered for Chemistry 301, section 

48335.  At any time during the semester, any student may choose 

to withdraw with the understanding that reentry into the program at 

a later date would not be allowed. 

2) All students participating in the sessions had to be registered for a 

half-hour time slot. 
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3) Attendance was mandatory. More than two absences would lead to 

automatic withdrawal from the sessions without further 

consideration for reentry in the program. 

4) The types of DS materials that would be utilized during the 

semester were described. 

5) How the ten bonus points would be tabulated for each exam was 

described. 

6) Once the five-member groups had been established, weekly 

problem sets over the current lecture topic would be administered. 

Each group would be required to solve the problem set as a unit 

outside of the discussion times. 

7) At different times during the semester, students would be 

reorganized into groups with different members attending their 

section. The regrouping would occur following the results of 

certain quizzes and/or exam grades. 

8) During each weekly session, students would log on to a designated 

Web page and take a short quiz for the purpose of determining 

attendance and the extent of the student’s understanding of the 

previous week’s assignment. The total number of correct responses 

would be kept in a grade book and used to determine the number 

of points accumulated from quizzes. 

9) One member of each group would be allowed to submit solutions 

to the previous week’s assignment. The answers were to be entered 
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into a designated Web site and would be either accepted as correct 

(submitted) or rejected as incorrect (not submitted). Three attempts 

at the correct response would be allowed. More than three attempts 

would be considered as not submitted. 

10) The undergraduate peer teachers who attended weekly meetings 

and were prepared to help with problems associated with the 

materials prior to the submission process. 

11) Data would be collected throughout the semester from the 

assignments, evaluations, and surveys. 

12) Each student would sign and return a discussion session’s 

agreement, indicating the student’s understanding of the guidelines 

as required by the university. 

The research subjects were then directed to the PCs where they logged on 

and became familiar with the process of accessing the course Web page and the 

link to the discussion session’s materials. The students were asked to complete the 

pretest, and pre-course survey within a five-day period.  

Before the first discussion period ended, the students were arbitrarily 

assigned into groups of four or five members and directed to exchange telephone 

numbers and/or e-mail addresses. Instructions were given regarding the 

acquisition of the first PS, and what each group should accomplish before the next 

discussion session period. 
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Prior to the second discussion session, and on the basis of the pretest 

scores, the author assigned the students in each section to a group.  Groups were 

formed by the following criteria: 

1) As determined by z-score analysis4, students were designated as 

high achievers, middle-high achievers, middle-low achievers, or 

low achievers.  

a) Low achievers; z  <  -1.0  

b) Middle-low achievers; 1.0 0z− ≤ ≤   

c) Middle-high achievers; 0 1.0z< ≤   

d) High achievers; z > 1.0  

2) Group members were assembled from high and middle-high 

achievers, middle-high and middle-low achievers, and middle-low 

to low achievers. 

Before the second meeting of discussion sessions, the pTA leaders were 

given a class roster with their respective sections’ group assignments. At this 

stage, the pTA teams were given complete authority of their particular sections.  

The team leaders announced the reorganized groups during the discussion 

sessions, and managed the discussion period.  The author assumed the role of 

observer and visited each section on every Monday for interval of fifteen to 

twenty minutes per section throughout the semester. 

                                                 
4 The z-score, called a standardized distribution, is a procedure of converting an observed score 
into a new score, expressed as standard deviations from the mean. Regardless of the mean and 
standard deviation of the original variable (x), the standardized z variable will have a mean of zero 
and a standard deviation of one. The z-score is computed as follows:   
                   o b s e r v e d v a l u e t h e m e a n v a l u ez s c o r e

s t a n d a r d d e v i a t i o n o f t h e v a l u e s
−

=  
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The group assignments in every section were reorganized following both 

lecture exam two and three.  At that time, the DS-participants were regrouped 

following the assessment of exam scores.  The achievement category for each DS-

participant was reevaluated, and the students were regrouped by the equivalent 

achievement criteria used previously.     

However, regrouping did not occur following exam three or exam four, 

regardless of the section the DS-participants attended. (This obvious deviation 

from the original protocol will be discussed in chapter four results.) 

pTA Training 

Every pTA was required to participate in a weekly one-hour training 

meeting. In order to accommodate all the schedule conflicts, the meetings 

occurred twice a week.  

The training sessions had three goals to accomplish each week: 

1) To resolve problems associated with the past sessions and potential 

problems with the upcoming sessions. 

2) To discuss methods of education theory (e.g., cooperative groups 

vs. collaborative groups (30), or Vygotsky’s “Zone of Proximal 

Development” (28) approach that may bolster group interaction. 

3) To review problem sets in mock sessions. 

Approximately every other week, education literature 

(9,14,15,27,37,43,61,72,79) was presented to all pTAs in the form of handouts, 

while problem sets (algorithmic worksheets) were made available a week before 

the discussion sessions through a pTA Web page (via pdf formatted documents). 
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Each pTA was expected to read the handout, prepare a list of the strengths or 

weaknesses of the educational theories presented in the handout literature, and 

solve problem set questions prior to the subsequent meeting.   

The beginning of each training session always began with reflections of 

the past week’s discussion sessions. Each pTA was given an opportunity to share 

events that were either stressful, productive, or both. On the occasions where 

issues arose concerning the DS-participants, the possible resolutions were open to 

all pTA suggestions. However, most of the discussions were centered on the 

mechanics of delivering and submitting discussion session materials; there were 

many problems associated with computer delivered materials.   

Following the testimonial and troubleshooting session, approximately l5 to 

20 minutes later, the pTAs formed groups of three or four.  As a rule, the groups 

were formed from team members, if all of the members attended that particular 

session. The groups were then guided into discussion relating to the literature 

handout. The author would ask that each group to take five minutes to discuss the 

merits or troubles associated with the research, and how this methodology, if 

applied, would help or harm the success of small-group interaction in the 

discussion sessions.  The debate was initiated by a volunteer group spokesperson. 

At times the discussion would become invigorating and delightful, and often, due 

to time constraints, would result in a consensus that the topic would be continued 

at the next meeting.   

The remainder of the 25 to 30 minutes was devoted to the problem set 

questions.  Each pTA group was assigned a question to consider as a source for a 
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mock group encounter.  One individual from each group would play the facilitator 

while the remainder of the group asked the questions.  The point of the exercise 

was to help the pTAs learn to guide students to an answer rather than just 

providing the solution. For the case in which the group, through the facilitated 

Socratic methodology5, could not reach a solution, another group would be 

randomly (by pulling a group number out of a hat) selected to determine between 

themselves a spokesperson that would go to the blackboard to write and verbalize 

his or her processes of solving the problem.  Between each exercise, time was 

allotted for suggestions or comments from all pTAs.   

It should be noted that during the first experiment, the leaders met with the 

graduate TA during a separate time and did not participate in these exercises.  

However, during the second and third experiments, the leaders met with their pTA 

colleagues. 

As discussed earlier, all pTAs were required to be registered for either a 

three-hour upper divisional chemistry research course or for a lower divisional 

two-hour chemistry research course. To be sure that the course requirements were 

met, a commitment of nine hours per week for the upper divisional course, and six 

hours per week was expected of the pTAs. The time outside of the discussion 

sections and pTA meetings was accounted for by preparation time, occasional 

research assignments (e.g., a literature search concerning studies on self-efficacy 
                                                 
5 The Socratic method of the teaching was derived from Socrates, a Greek philosopher, who 
believed that the most effective way of teaching a student to argue logically was to engage the 
individual in a philosophic dialogue, in which he would attempt to argue a point. The pedagogical 
utilization of the Socratic methodology involves teaching by addressing students’ questions with 
questions, instead of answers.  Through the process of continually probing into the subject matter, 
the facilitator is able to help the student to explore difficult concepts and principles, and ultimately 
reason the correct conclusion.    
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and learning), and communication with DS-participants between sessions. The 

leaders had the additional burden of the keeping attendance records and writing 

PS-questions.  All pTAs were required to write a paper at the end of the semester.  

The upper divisional students were required to write a formal research paper 

concerning some aspect of learning theory that pertained to the methodology used 

in the discussion sessions.  The formal paper had to include the observations made 

during the semester, the conclusions that were drawn from the observations, and 

include at least five references to support the pTA’s suppositions. 

Dependent Variables 

The dependent variables (achievement) for the analysis were the four 

lecture exams and the end of course final exam. 

Independent Variables 

The independent variables for determining achievement through small-

group discussion sessions were the following: 

1) The time students participated in the program 

2) The sections in which students attended 

3) Lecture attendance  

EXPERIMENT TWO 

The preliminary results of experiment one were closely scrutinized during 

the interim between the fall and spring semesters. The evidence from experiment 

one had suggested that the small-groups’ program had been very beneficial for 

those students who remained in the program for the duration of the semester.  

However, pursuant to a thorough review of the small-group evaluations, it was 
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decided that an adjustment to the program was warranted. In particular, two 

problems needed to be addressed: (1) the scheduling difficulties participants 

encountered when arranging group meetings, and (2) the equality of the individual 

contributions from the group members needed to be improved.  A decision was  

that a supervised setting for small-group interactions would potentially alleviate 

many stresses on group stability, and in turn, lower the overall attrition of the DS-

participants. Therefore, the discussion session periods were extended to one-hour 

weekly meetings under the guidance of trained undergraduate peer teaching 

assistants. 

The Sample Population 

The subject population for this experiment was students registered for one 

section of CH301, a freshman level general chemistry I lecture course in the 

Department of Chemistry and Biochemistry, College of Natural Sciences, at The 

University of Texas at Austin.  The course was offered for an hour and a half on 

both Tuesdays and Thursdays for the duration of the spring semester of 2000, and 

was taught by a tenured chemistry professor, renowned for his numerous honors 

in teaching excellence and as the co-author of the course textbook. The 

experimental investigator of the discussion session program was the sole graduate 

teaching assistant (TA) appointed to the CH301 course. As in the first experiment, 

two pTAs were appointed as undergraduate TAs for the lecture course. The final 

enrollment for the CH 301 lecture course, following the twelve-day add/drop 

period, was 475 students. 
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During the first and second lecture meetings, the professor elucidated the 

potential benefits of the DS program to the students in attendance and highly 

encouraged their participation.  As an additional incentive, the professor offered a 

maximum of five bonus points, per exam period, to be added to each of the four in 

class exams to students who signed up for the program. Since the lowest exam 

would be dropped, students would lose the points accumulated for that exam 

period.  Therefore, a potential maximum of 15 DS-bonus points could be added to 

the total of 900 points used in determining the course grade (approximately 2% of 

the lecture exam points or the course grade points). For those students not in 

attendance during the first or second day of classes, a brief description of the 

program was available in the course syllabus and on the course Web page.  

Students were also provided an opportunity to gain a maximum of 36 

bonus points from the homework assigned by the professor.  The number of 

points accumulated from the homework, discussion sessions, lecture exams, and 

final exam determined the course grade. 

The students interested in participating in discussion sessions were asked 

to sign up for a one-hour discussion session through a computer generated 

registration site before the twelfth class day. At the end of the sign up period, the 

331 students who signed up discussion session’s program were noted as DS-

participants, and the 142 who declined to participate were designated as non-

participants.  (Note: Two students were not included in the final analysis due to 

the fact that neither student attempted any coursework, and consequently, 

received zero final course points.) 
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Additional assistance with chemistry problems, outside of the discussion 

sessions, were offered through the office hours provided by the professor, 

graduate TA, and the two undergraduate TAs.  The graduate TA also provided 

lengthy review sessions prior to each exam. 

Discussion Sections 

The small-group discussion sessions were held in eleven time periods. The 

sections were held in classrooms that had been reserved before the semester began 

and were dispersed throughout the campus. Each room had movable chairs and 

was limited, for the exception of two larger sections, to a capacity of 50 students.  

The subgroups within each section were assembled into five or more members on 

the basis of on achievement as determined by the pretest z-scores.   The sessions 

were facilitated by a team of highly trained undergraduate pTAs assigned to at 

least one one-hour block throughout the day. 

It been established from the first study that there were certain times during 

the day that were preferred by students participating in the discussion sessions.  

These favored times were considered when the request for rooms was made. 

Unfortunately, the availability of the number of rooms with the specific 

requirements of movable chairs was limited to only a few time slots.  For that 

reason, the sections were doubled for each time period.  After it had been 

determined that an additional section would be needed to accommodate students 

who were unable to attend the Monday sessions, the eleventh section was added 

within the first week of the spring semester (see Table 3-2.) 
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The rooms for the duplicate time periods were, for the majority of 

sections, in the same building and only a few room numbers apart. This 

arrangement was particularly useful for the undergraduate peer teachers, who 

were able to share the responsibilities of collecting and depositing the quiz answer 

sheets in the designated location.  However, the pTAs were not permitted to move 

from room to room, and were highly discouraged from exchanging information 

while the small-groups were in session.  The sessions were regulated by frequent 

and unannounced observations by the author. The peer teachers were observed to 

have worked in concert, and at the same time, they exhibited high degrees of 

facilitation and group-management skills.  

 
Table 3-2. Discussion Sections Experiment 2 

 Discussion Session Sections  
Section Day - Time Code 

1 Monday     9:00-10:00am A 
2 Monday     9:00-10:00am B 
3 Monday     10:00-11:00am C 
4 Monday     10:00-11:00am D 
5 Monday     2:00-3:00pm E 
6 Monday     2:00-3:00pm F 
7 Monday     3:00-4:00pm G 
8 Monday     3:00-4:00pm H 
9 Monday     5:00-6:00pm I 
10 Monday     5:00-6:00pm J 
11 Tuesday     5:00-6:00pm K 
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Peer Teaching Assistants 

The criteria for instituting the undergraduate peer teaching assistants for 

the discussion session were the equivalent to those utilized for experiment one.   

The pTAs were assigned as a team of three members to each one-hour 

section, except the pTAs who were designated leaders. The leaders in the program 

were required to facilitate two sections, one as the leader and the other as a team 

intermediate. The necessity of requiring double duty for the leaders was a result of 

the increased number of independent sections and a deficit of intermediate pTAs. 

(Recall that the first experiment involved seven total sections, each with two sub-

sections.) As in the first experiment, each team was comprised of one leader, one 

intermediate, and one novice.   

The 23 undergraduate students who participated as pTAs for the 

discussion sessions are characterized below: 

1) Eleven pTA leaders: 

a) Six with four previous semesters of experience as a peer 

teacher. 

b) Five with two previous semesters of experience as a peer 

teacher. 

2) Three pTA intermediates: 

a) All three with one previous semester of experience as a peer 

teacher. 

3) Nine pTA novices: 
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b) This was the first semester as a peer teacher for all in this 

category. As a point of interest, seven of the novice pTAs 

were recruited from the students who participated in 

experiment one. 

MATERIALS 

Pretest, Pre-Course Survey, and Quizzes 

The pretest and pre-course survey were identical to those in experiment 

one.  The problem sets were delivered, submitted, and scored in the same manner 

as described in experiment one. The weekly session quizzes in Experiment 2 

served the equivalent purposes as in Experiment 1 of the above experiment, but 

the students who submitted the answers on a bubble sheet instead of a computer 

had to wait several days for the graded results.  Nevertheless, the waiting 

anxieties were alleviated to some degree by the pTA facilitators who, subsequent 

to each quiz, solicited the correct quiz answers from their student participants. 

Problem Sets 

Each week the students were provided with a set of questions pertaining to 

the course material.  The content, however, was considerably more algorithmic 

than the material used in Experiment 1 and was taken from the test bank that 

accompanied the course text.  As a stimulus to motivate students to read the 

assigned material, the questions selected for the problem sets were generally very 

challenging and followed the sequence of material as it was presented in the text. 
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Course Homework 

During the semester, the professor produced eight homework sets, two sets 

for each exam period.  The homework questions were distributed in hardcopies 

before and after a lecture period (homework copies were also available in a 

designated area outside the professor’s office). The majority of questions (≈25) 

were multiple choice, however, the last eight or so questions were numerical and 

the correct solutions had to be bubbled in on a special numeric section of bubble 

sheet. Although the questions were identical on a specific homework set, the 

algorithmic problems had different measurement variables, and all questions and 

multiple choice answers were scrambled. Each hardcopy of a homework set was 

essentially a different version with its own unique series of answers. The students 

were given a deadline in which to submit their answers on a bubble sheet and the 

electronically scored results were posted in paper (on a bulletin board) and in 

electronic format (on the course Web page). 

The course homework gave the students the opportunities to (1) practice 

the procedures of correctly submitting a scantron answer sheet, (2) determine the 

depth of understanding expected in regard to the topics covered in lecture, and 

most importantly (3) ascertain the necessity for obtaining help before the subject 

matter became overwhelming.   

Even though the author and the lecture professor considered the 

completion of homework a vital component for achieving success in the course, 

the homework material was not considered for discussion during small-group 

interactions. Instead, it was believed that the homework should be accomplished 
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by the individual student as a mode of “self-testing” prior to an upcoming lecture 

exam. There were, however, plentiful opportunities for assistance with homework 

problems during the teaching staff office hours and before or after lecture class. 

The purpose of including the course homework assignments in the final 

analysis of this research was for determining a correlation between the numbers of 

homework attempted and DS-Participation, and the correlation between the 

numbers of homework points accumulated and DS-Participation. It was 

hypothesized that students who participated in small-group discussion would have 

a higher degree of successful compliance with homework assignments. 

Since a team of pTAs oversaw the sessions, the procedure for assessing 

the members’ attendance and preparation during small-group discussion was 

unnecessary. Hence, the post exam evaluations were not administered in this 

study.   

METHODS: THE EXPERIMENTAL DESIGN 

Discussion Session Participants 

The protocol of experiment one was administered during the establishment 

of the discussion sessions for this research.  The differences were that the small-

groups met in a supervised environment for an hour, and that quizzes were 

submitted on a bubble sheet.  As previously discussed, the student participants 

were required to read a detailed disclosure statement and return a signed form 

indicating their agreement to terms of the study.  
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pTA Training 

Due to schedule conflicts, the pTA training meetings occurred twice 

weekly. The same methodologies in the first experiment were adhered to during 

the training sessions of this experiment. The educational literature chosen for 

discussion was essentially the same as in the previous investigation, except the 

pTA leaders were given the responsibility of selecting, introducing, and initiating 

discussion over the literature topics.   

Dependent Variables 

The dependent variables (achievement) for the analysis were the four 

lecture exams, homework submissions and total points accumulated, and the 

course grade. 

Independent Variables 

The independent variables for determining achievement through small-

group discussion sessions were the following: 

1) The DS-participants vs. non-participants and eliminated students. 

2) The sections in which students attended. 

3) The homework submissions and total points accumulated were also 

measured as determinant factors for success (course grades). 

EXPERIMENT THREE 

Up to the point of the third experiment, the pTA facilitators had been 

trained to have minimal interaction with discussion session participants. The 

words “minimal interaction” had the following guiding principles:  
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1) The primary function of the facilitators was to monitor and insure 

interaction of all members during small-group discussion. 

2) The facilitators would not provide recitation sessions in which a 

question and answer format prevailed. Questions directed to 

facilitators were to be fielded by reference to lecture notes, text 

materials, and requests of other group members for possible 

answers.  

3) Groups should not be allowed to use an entire discussion period 

determining a solution to one or two problems.  As a last resort, a 

facilitator could model his or her explanation to a problem on the 

blackboard through a step-by-step solution while verbally 

expressing the concepts utilized at each step of the process. 

Although this methodology of peer facilitation appeared to be beneficial to 

students participating in small-group work, there are reports in the literature 

indicating that a more restrictive facilitator role, in terms of student contact, 

produced optimal student achievement during small-group interactions (85,86,87). 

In an effort to determine the best procedure for training undergraduate peer 

teaching assistants in the role of facilitator, a small-group discussion session 

program was designed where the undergraduate peer teachers were trained to 

direct the sessions in either the facilitation style adopted for previous programs, 

labeled tutors, or as the more constrained pTAs, labeled facilitators, who would 

have little communication with the student participants during small-group 

activity. 
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The Sample Population 

The subject population for this study included students registered for one 

section of CH 304K, a freshman level introductory chemistry course for non-

science majors in the Department of Chemistry and Biochemistry, College of 

Natural Sciences, at The University of Texas at Austin.  The course was offered 

for an hour and a half on both Tuesdays and Thursdays for the duration of the 

spring semester of 2001 and was taught by a chemistry instructor who has a Ph.D. 

in chemistry education.  Although the experimental investigator of the discussion 

session program was associated with the course only in the capacity as the 

discussion session’s coordinator, a close working relationship was maintained 

with the course lecturer.  

Chemistry 304K is the first of a two-semester chemistry sequence that 

satisfies the science requirement for students pursuing fields outside of the 

conventional natural sciences curriculum.  Ordinarily, chemistry for non-science 

majors is taught with a contextual approach where students are required to 

understand the influences of chemistry in their everyday lives (e.g., environmental 

concerns and medical research). However, a moderate degree of the standard 

chemistry concepts and mathematical models are included in the curriculum and 

this material traditionally offers the students the most difficulty. The discussion 

session’s program was designed to offer students in CH304K with materials that 

would augment their understanding of chemical nomenclature, bonding, 

stoichiometry, and by and large, all concepts associated with algorithmic models. 
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On the first day of class, the instructor explained the discussion session’s 

program to the students in attendance in her lecture section. The details of the 

program were also included in the course syllabus for those students who had not 

attended the first day of classes, or were in the process of adding the lecture 

section. Since student participation was voluntary, the instructor offered a 

maximum of ten points (≈3% of total course points) to be added to each of the 

four in class exams to any student who participated. The number of points 

accumulated (a maximum of 1200 points) from lecture quizzes, lecture exams, 

and the final exam determined the course grade. 

The sign up processes for interested students were the same as those 

described in experiments one and two. At the end of the twelve-day drop/add 

period, a total of 122 out of 126 students had elected to participate in the small-

group discussion sessions. 

Discussion Sections 

The small-group discussion sessions were held in eight time periods. The 

sections were held in classrooms that had been reserved before the semester began 

and were dispersed throughout the campus. Each room had movable chairs and 

was limited to a capacity of 50 students.   

The subgroups within each section were assembled into five or more 

members on the basis achievement as determined by the pretest z-scores. The 

sessions were facilitated by a team of highly trained undergraduate peer teaching 

assistants (pTAs) assigned to a one-hour block throughout the day. 
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The sessions occurred throughout the day on Wednesdays, and were 

doubled for each time period.  After it had been determined that an additional 

section would be needed to accommodate students who were unable to attend the 

Wednesday sessions, the ninth section was added within the first week of the 

spring semester and was designated an independent section (the pTA who 

directed this section was able to interact with the students in any manner he 

chose). 

Each duplicate time slot had one section lead by tutors, and the other lead 

by facilitators.   

 
Table 3.3. Discussion Sections Experiment 3  
The subscripts T, F, and I represent the tutor section, facilitator section and independent section. 

 Discussion Session Sections  

Section Day - Time Code 
1 Wednesday     9:00-10:00am AT 

2 Wednesday     9:00-10:00am BF 

3 Wednesday     11:00-12:00pm CT 

4 Wednesday     11:00-12:00pm DF 

5 Wednesday     1:00-2:00pm ET 

6 Wednesday     1:00-2:00pm FF 

7 Wednesday     3:00-4:00pm GT 

8 Wednesday     3:00-4:00pm HF 

9 Tuesday           10-11am II 
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Peer Teaching Assistants 

The criteria for instituting the undergraduate peer teaching assistants for 

the discussion session were the equivalent to those utilized for experiment one.   

The pTAs were assigned as a team of two or three members to each one-

hour section.  As in the first two experiments, each team was comprised of one 

leader, one intermediate, one novice, or a leader and an intermediate.   

The 22 undergraduate students who participated as pTAs for the 

discussion sessions are characterized below: 

1) Nine pTA leaders: 

a) Two with four previous semesters of experience as a peer 

teacher. 

b) Seven with two previous semesters of experience as a peer 

teacher. 

2) Eight pTA intermediates: 

a) All three with one previous semester of experience as a peer 

teacher. 

3) Five pTA novices: 

a) This was the first semester as a peer teacher for all in this 

category. As a point of interest, five of the novice pTAs 

were recruited from the students who participated in 

experiment one. 
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MATERIALS 

Pretest and Posttest 

The course achievement was to a great extent dependent upon the 

students’ fulfillment of the reading assignments and abilities to memorize certain 

facts associated with the reading. Given that, the small-group discussions were 

focused upon just the portion of the course associated with the concepts of 

chemistry, a pretest and posttest was utilized for determining the outcome of the 

experimental protocol.   

The pretest used in the previous experiments was given during the first 

discussion meeting and the answers were collected on bubble sheets.  For those 

students who joined the sessions following the first meeting, the pretest was given 

electronically through a link to the course Web page. There was a two-point 

incentive given to all students who completed the pretest by the twelfth day of 

classes.  

The posttest was identical to the pretest and was given electronically 

during the last week of classes. 

Pre-survey and Post-survey 

A pre-survey of generalized information, with a few questions concerning 

motivation, was given electronically.  Students were also given a two-point 

incentive to complete the survey within the first twelve class days. 

The post-survey contained many of the same motivational questions that 

were in the first survey and in addition, contained evaluation questions concerning 

the students experience in the small-group discussion sessions. 
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Problem Sets 

Each week the students were provided with a set of questions pertaining to 

the course material.  The content was derived from a collaborative effort with the 

course instructor and the author.  Many of the problems given to the small-groups 

for discussion were questions that appeared on the four lecture exams.  Therefore, 

students in the discussion program felt a high degree of perceived need to attend 

the weekly sessions.  

METHODS: THE EXPERIMENTAL DESIGN 

Discussion Session Participants 

The protocol of experiment two was administered during the 

establishment of the discussion sessions for this research.  As in the previous 

experiments, the student participants were required to read a detailed disclosure 

statement and return a signed form indicating their agreement to terms of the 

study as required by the university.  

The author attended all sections for a period of no less than 20 minutes.  

For all cases, the two rooms for each time period were in the same building and 

only a few doors apart.  The author moved between sections frequently during her 

observations. On two occasions, each session was video taped for approximately 

ten minutes per section.   

pTA Training 

The pTA training meetings occurred twice weekly. The pTAs designated 

as tutors met separately from the pTAs labeled facilitators. Although the same 
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methodologies in the first experiment were adhered to during the training sessions 

of this experiment, the meetings with the facilitators were more focused on 

methods of maintaining group interaction during the sessions, and ways in which 

to handle questions asked by group members. The facilitators were instructed to 

neither offer an answer nor model a solution to a problem, but rather, instructed 

the student inquisitor to find the answer through discussion with their group 

members or members of other groups in the section.  

The mock small-group sessions were central to the training of the 

facilitators for the simple reason that the pTAs did not find this methodology easy 

to enforce.  The natural tendency of the undergraduate teaching assistants was to 

engage in discussion with the students attending their sections and provide help 

with reasoning through difficult concepts. Much practice was needed by the 

facilitators in order to overcome this predisposition to become involved with the 

helping their students, and to instead, play the more prevalent role of an observer 

and group interaction monitor. 

The educational literature chosen for discussion was essentially the same 

as in the previous investigation, except the pTA leaders were given the 

responsibility of selecting, introducing, and initiating discussion over the 

literature topics. The facilitators were given additional literature that emphasized 

the benefits of the manner in which they were to conduct their small-group 

sections (88-92). 

The tutors were trained to respond to the students attending their sections 

in the manner that had been established in the previous experiments. 
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Supplementing the weekly training meetings were two additional late 

evening meetings of two hours each.  Both the tutors and facilitators assembled to 

review the video taken during their discussion sessions. Following the segment 

viewed for each section, time was allotted for critique and suggestions for 

improvement from all pTAs in attendance.   

Dependent Variables 

The dependent variables (achievement) for the analysis were the pretest 

and posttest results. 

Independent Variables 

The independent variables for determining achievement through small-

group discussion session were the two groups of students whose sessions were 

either directed by the tutors or facilitators.   
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Chapter 4:  Results 

EXPERIMENT ONE 

Statistical analyses were employed in an attempt to quantify the difference 

between course achievement (dependent variables) and the following factors 

(independent variables):  

1) The time students participated in the discussion session’s program. 

2) The identity of the sections in which the DS-participants attended. 

3) The number of lecture quizzes attempted during the course of the 

semester. 

Specifically, the mean raw scores of the four lecture exams (dependent 

variable one), and the final exam (dependent variable two) were pooled in 

correspondence with the above independent variables and were compared by 

statistical analyses. Lecture attendance (dependent variable three) was assumed 

from the total number of lecture quizzes that had been attempted by the end of the 

semester.   

The overall statistical significance (an effect size) in the difference 

between the mean scores was considered an indication of whether a single factor 

or a combination of factors accounted for the level of achievement attained by the 

subjects incorporated in the investigation.  

Although the summaries of the small group evaluations are included in 

these results, no attempt of qualification through inferential statistics is presented.  

Finally, the concluded effectiveness of pTA program was contingent upon 

the measured success achieved by the DS-participants.  
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THE SAMPLE POPULATION DESCRIPTIVES 

Factor One: Time in Small Group Discussion Sessions 

Time segments categorized all students registered in the lecture course.  

As indicated in Table 4.1, the time of participation in the discussion session’s 

program was separated by increments of three weeks. Those students who 

refrained from joining the program were also included as time zero participants. 

Although the semester encompassed 16 weeks of classes, the discussion session’s 

program was active for a period of 12 weeks. (The discussion sessions were not 

held during the first eight class days, the last week, or the week of Thanksgiving 

break.)  

Table 4.1 indicates the numbers (frequency) of students, the percent of the 

total numbers of students, and the cumulative percent6 of the students 

participating in each time dependent category at the conclusion of the semester.  

Following the initial sign up period, a total of 357 students had enrolled in one of 

the discussion sections. However, subsequent to the first exam the sign up 

procedure was again made available to students who were not in the program.  

Upon the completion of the semester, it was determined that a total of 384 

students had participated for some quantity of time, and that 300 students had 

completed more than six weeks of the program. 
 

                                                 
6 The frequency distribution table is an organized tabulation of the number of individuals for each 
category, and the percent of the total numbers of individuals that category represents. The 
cumulative percent is, by default, reported in a statistical frequency distribution tables and derived 
by summing the percent of each category sequentially (from the top to the bottom).  This latter 
information is useful if an investigator is interested in knowing a specific frequency at a certain 
percentage. 
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Table 4.1. Number of Students in Each Time of Participation Category 

 TIME OF PARTICIPATION IN DISCUSSION SESSIONS

44 10.3 10.3 10.3

41 9.6 9.6 19.9

43 10.0 10.0 29.9

68 15.9 15.9 45.8

232 54.2 54.2 100.0

428 100.0 100.0

.00

1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

Total

Valid

Number of
Students Percent

Valid
Percent

Cumulative
Percent

 
 

Factor Two: Discussion Session Sections 

The DS-participants were also categorized by the identity of the sections 

in which they attended (Table 4.2).  
 

Table 4.2. Students in Discussion Sections 

 SECTIONS OF DS-PARTICIPANTS

32 7.5 8.3 8.3

60 14.0 15.6 24.0

51 11.9 13.3 37.2

51 11.9 13.3 50.5

47 11.0 12.2 62.8

54 12.6 14.1 76.8

89 20.8 23.2 100.0

384 89.7 100.0

44 10.3

428 100.0

Sect A & B

Sect C & D

Sect E & F

Sect G & H

Sect I & J

Sect K & L

Sect M, N, & O

Total

Valid

SystemMissing

Total

Number of
Students Percent

Valid
Percent

Cumulative
Percent
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Factor Three: Lecture Quizzes 

Throughout the semester, the course professor administered nine quizzes 

in the final 15-20 minutes of the lecture.  The quizzes were important because 

they introduced the style and nature of the questions that could be anticipated in 

the lecture exams. Although a maximum of ten points from quizzes was added to 

each of the four lecture exam points, they only accounted for approximately three 

percent of the total possible course points. Given that the quizzes were 

administered randomly, we assumed that the number of quiz attempts is related to 

lecture attendance (Table 4.3). This assumption is based on the general 

observation that students will attend to maximize the number of points gained in a 

course that contribute to their final grade; though the quiz points were only 3% of 

the grade, the were “easy” points that could be achieved simply by attending. 

 

Table 4.3. The Number of Quizzes Attempted 

NUMBER OF QUIZZES ATTEMPTED

1 .2 .2 .2

3 .7 .7 .9

9 2.1 2.1 3.0

15 3.5 3.5 6.5

16 3.7 3.7 10.3

21 4.9 4.9 15.2

45 10.5 10.5 25.7

98 22.9 22.9 48.6

220 51.4 51.4 100.0

428 100.0 100.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

9.0

Total

Number
of

Quizzes

Number of
Attempts Percent

Valid
Percent

Cumulative
Percent
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STATISTICAL ANALYSIS  

Several fundamental assumptions are made when inferential statistics are 

utilized for establishing a significant difference between the means of population 

samples. The principal assumptions are listed below: 

1) Each sample population should have an equivalent distribution of 

variance (the sum of squared standard deviations from the mean 

divided by N-1)). 

2) Each sample population represented in the study should exhibit a 

normal distribution of scores. 

3) Each sample population should be equal in size. 

4) The samples comprising the treatment groups should be independent, 

that is, one individual cannot be a member of two separate treatment 

groups in the same study. 

5) The samples must come from the same population with respect to the 

variable being measured. 

The experimental designs for this study, as well as the remaining studies, 

do not meet all above criteria.  The dependent variables for this investigation were 

measured against independent variables that comprised vastly different group 

sizes.  As a result, it is not expected that the scores or variance of the means 

would be equally distributed among the different groups. Although the violations 

of these standards did not exclude traditional statistical analysis, the 

preponderance of analyses for this study is measured under the conditions known 

as nonparametric sampling. In other words, to a great extent the conclusions 
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derived in this study were weighted by the assumption that the normal 

distributions of the population samples had not been accomplished.   

Factor One-Dependent Variable One: Time Dependent Levels and Exam 
Scores 

The students are coded into to a level dependent on a time period between 

lecture exams. Students who exceeded the allowed absences or voluntary resigned 

were eliminated from the program at the end of that particular time period.  If a 

student’s resignation or third absence fell at the beginning of a new time period, 

he or she is not included in that time level.  However, a student who completed at 

least one week into the new time period is included in that higher time level.  The 

time dependent levels were reestablished for each exam period.   

Pretest 

To determine if the populations of students are initially different in terms 

of achievement abilities, an analysis was conducted on the basis of the pretest 

scores.  The results of Table 4.4 indicate the numbers of students in each final 

time category who submitted a pretest. The table also reports the average score, 

the standard measure of variability around the mean (SD), the standard error7, the 

and lower and upper bounds of the confidence interval8, and the lowest and 

highest mean value for each group.  
                                                 
7The standard error is frequently applied to the mean of the distribution; however, it is typically 
used to determine the sampling error of the distribution and is based on the standard deviation of 
the sampling distribution of means.  A small value indicates greater stability or smaller sampling 
error (95,97).  
8 The confidence interval (C. I.) is a range of values called an interval estimate that is 
accompanied by a specific level of confidence (probability) that the true population mean falls 
within that range. For example, a 95% confidence interval for the mean indicates that there is a 
95% chance that the true population mean will fall within the upper and lower bounds of the 
interval estimate (95). 



 72

Table 4.4. Distribution of Pretest Scores 

DESCRIPTIVES: PRETEST SCORES BY TIME DEPENDENT GROUPS

PTESTSCO

. . . .
19 7.842 4.072 .934 5.879 9.805 1.00 16.0

38 9.289 3.352 .544 8.188 10.391 4.00 16.0

53 8.774 3.166 .435 7.901 9.646 3.00 14.0

232 9.237 3.687 .242 8.760 9.714 2.00 17.0

343 9.096 3.594 .194 8.715 9.478 1.00 17.0

1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

The output of Table 4.5, the Levene statistic9, indicates that the variability 

of the means within the five time-dependent groups is not significantly different 

when compared to each other. Since the variability was not significantly different, 

an analysis of variance (ANOVA) was conducted to determine if significant 

differences existed between the time-dependent groups.  

 

Table 4.5. The Levine Statistic 
 
 
 
 
 
 
 
 

                                                 
9 The Levene’s Test determines if the variance of each dependent variable is the same when 
compared to the variance of the other dependent variables (96,97).  In other words, is the variance 
significantly different within each time-dependent category when compared to each other?  

Test of Homogeneity of Variances

PTESTSCO

1.400 4 338 .233

Levene
Statistic df1 df2 Sig.
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The differences in mean scores, as seen in Table 4.6, are not significantly 

different. Thus, the results indicate that the there are no mean differences between 

the time-dependent groups in regards to prior knowledge.  This result suggests 

that no single time-dependent group of students began the semester with the 

potential for greater achievement when assessed by their mean score performance 

on the pretest. 

  Even though the n10 values of the remaining groups were not 

homogeneous, and in the case of the 1-3 weeks group below the acceptable value 

for statistical comparison (n >30), the results were assumed to be a reasonable, 

but not concrete, first approximation of the group’s prior chemistry knowledge. 

Figure 4.1 is a graphical representation of the pretest results.  

There was only one student in the zero-time category that complied with 

the request to take the pretest; therefore, there was not a reliable test for that 

population’s previous knowledge level.  Although the results for the zero-time 

category were included in the subsequent analyses, the results from this time 

category were not considered for the determination of student achievement. 

 

 

 

 

                                                 
10 As a point of clarification, the number of individuals representing a sample of a particular 
population is notated with the small case “n”, whereas, the capitalized “N” represents the total 
number of the true population (96). Therefore, “n” is the number of students in the study that 
represent all the students who are enrolled in a first semester general chemistry course.  By 
default, the output of statistical tables does not make this distinction; all sample populations are 
reported as N. 
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Table 4.6. Comparison of Pretest Scores 

ANOVA: COMPARISON OF PRETEST SCORES BY TIME
DEPENDENT GROUPS

PTESTSCO

42.239 4 10.560 .816 .516

4375.586 338 12.946

4417.825 342

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.

 
 
 
 

PRETEST SCORES BY TIME DEPENDENT GROUPS

EXPERIMENT 1

TIME DEPENDENT GROUPS

10-12 weeks7-9 weeks4-6 weeks1-3 weekszero time

M
ea

n 
of

 P
R

ET
ES

T 
SC

O
R

ES

10.5

10.0

9.5

9.0

8.5

8.0

7.5

 
Figure 4.1. Pretest Scores by Time-Dependent Groups 
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Exam One 

Table 4.7 describes the number of subjects in each level of participation 

time. 

 

Table 4.7. Distribution of Exam One Scores 

DESCRIPTIVES:  DISTRIBUTION OF TIME DEPENDENT LEVELS FOR EXAM 1

EX1

95 12.979 3.733 .383 12.218 13.739 .00 20.00

333 15.030 3.365 .184 14.667 15.393 5.00 21.00

428 14.575 3.550 .172 14.238 14.912 .00 21.00

zero time

1-3 weeks

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

The Mann-Whitney and Wilcoxam statistics, alternative t-tests for 

nonparametric samples, were used to determine the difference of means between 

exam one scores (class exam one average = 14.575) and time dependent groups.  

The Mann-Whitney and Wilcoxan statistics are computed by a ranks sum 

test to determine if the observations were drawn from the same population (See 

Appendix I).  The Mann-Whitney test calculates the sum of the ranks by counting 

the number of times an observation from the smaller group (zero time) precedes 

an observation from the larger group (1-3 weeks). The Wilcoxan test ranks are 

determined by the collective observations of the two samples but a negative or 

positive value is assigned to the difference between scores of the paired 

comparisons. The magnitude of the differences between the paired values is 
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ranked from high to low and the ranks for both the negative and positive signs are 

summed and averaged.  If a difference between the zero time group and the 1-3 

weeks group does not exist, then the sum of the ranks would be expected to be the 

same.  As indicated by Table 4.8, a difference does exist between the two groups, 

and therefore, the groups are not the same. 

 
Table 4.8. Ranks of Exam One Scores 

RANKS: COMPARISON OF EXAM 1 SCORES BY
TIME DEPENDENT LEVELS

95 161.37 15330.50

333 229.66 76475.50

428

TIME
zero time

1-3 weeks

Total

EX1
N Mean Rank

Sum of
Ranks

 
 

The results of the Mann-Whitney and Wilcoxon tests, which are 

considerably less sensitive than the parametric t-tests, indicate that there is 

significant difference (p = .000) between the two groups. (Table 4.9)  It is 

concluded from these results that the students who participated in small group 

discussion sessions benefited in relation to their achievement on the first lecture 

exam. 

It should be noted that students in this course were given the opportunity 

to drop the lowest exam score from the final course grade determination, a choice 

that is historically often given students in general chemistry courses. The analyses 

conducted on the mean scores of the exams were performed on both the results 

with and without zero scores.  No change in significance between the two results 



 77

is indicated. Therefore, the analysis for all exams in this study will include the 

exams with zero scores. 

 
Table 4.9. Comparison of Exam One Scores 

TEST STATISTICS: COMPARISON OF EXAM
I SCORES BY TIME DEPENDENT LEVELS

a

10770.500

15330.500

-4.766

.000

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

EX1

Grouping Variable: TIMEa. 
 

 

Exam Two 

An alternative nonparametric analytical procedure was followed for 

comparison of the means between exam two scores (total average = 15.005) for 

the three different time intervals of zero time, 1-3 weeks, and 4.6 weeks (Table 

4.11). The Kruskal-Wallis test is the nonparametric version of the analysis of 

variance (ANOVA) and was used for comparing the means of the lecture exams 

by factors with more than two time dependent levels (see Appendix I).  The 

analysis is calculated from the sums of the ranks of combined groups and the 

resulting significance is determined by a comparison of ranked values with the 

expected values using a chi-square analysis11. 

                                                 
11 Chi-Square analysis is a nonparametric test that compares the observed frequency of values 
with the expected frequency of values between two or more samples.  The outcome for each level 
is the sum of the following calculation:  subtract the expected frequency from the observed 
frequency, square the results, and then divide by the expected frequency. (96) 
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Table 4.10. Distribution of Exam Two Scores 

DESCRIPTIVES: DISTRIBUTION OF TIME DEPENDENT LEVELS FOR EXAM 2

EX2

46 11.761 4.280 .631 10.490 13.032 .00 19.00

68 13.588 4.493 .545 12.501 14.676 .00 21.00

314 15.787 3.636 .205 15.383 16.190 .00 21.00

428 15.005 4.086 .197 14.616 15.393 .00 21.00

zero

1-3 weeks

4-6 weeks

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

The mean rank between the time dependent groups is clearly different, as 

reported in Table 4.11.  The test statistic indicated in Table 4.12 shows a 

significant difference (p = .000) among the distinct time dependent groups and the 

ranked means among the respective second exam scores.   

 
Table 4.11. Ranks of Exam Two Scores 

KRUSKAL-WALLIS RANKS: COMPARISON OF
EXAM 2 SCORES BY TIME DEPENDENT LEVELS

46 113.32

68 169.10

314 239.16

428

TIME
zero

1-3 weeks

4-6 weeks

Total

EX2
N

MEAN
RANK
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Table 4.12. Comparison of Exam Two Scores 

TEST STATISTICS: COMPARISON OF EXAM
2 SCORES BY TIME DEPENDENT LEVELS

a,b

52.897

2

.000

Chi-Square

df

Asymp. Sig.

EX2

Kruskal Wallis Testa. 

Grouping Variable: EX2TIMEb. 
 

 

Unfortunately, the nonparametric tests do not contain procedures for 

ascertaining the degree of significant differences between specific pairings.  Thus, 

to obtain a better understanding of the specific groups associated with the 

significant differences between the time dependent groups, a series of contrast 

tests12 were employed to estimate the significance based on the assumption of 

unequal variances (standard deviation) among the dependent variable of each 

group.   

The matrices of Table 4.13 represent three contrast tests that were 

designed to compare a different level of the time dependent categories with 

another.13  In all contrasts, each test contains coefficients that represent the 

different levels of time. The time coded with the negative number is contrasted 

with the time coded with the positive number.  The group coded zero is not 

                                                 
12 Contrast tests compare one level of the categorical variable with another by computing a t-test 
between the two groups. (96, 98) 
13 Three contrasts were selected for the purpose of clarifying the procedure and the limitations of 
utilizing the contrast tests for statistical analysis (96, 98). 
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considered in the comparison (contrast 1, the zero time level is compared with the 

1-3 weeks level). In each of the contrasts, a t-test was computed for groups coded 

for comparison. 
 

Table 4.13. Exam Two Contrast Matrix 

CONTRAST COEFFICIENTS:  COMPARISON OF
EXAM 2 SCORES BY TIME DEPENDENT LEVELS

1 -1 0

0 1 -1

1 0 -1

Contrast
1

2

3

zero 1-3 weeks 4-6 weeks

TIME

 

 

Each of the t-test comparisons made in the contrasts is reported assuming 

equal variance as well as not assuming equal variance (Table 4.14).   

 
Table 4.14. Contrast Test Results 

CONTRAST TESTS:  COMPARISON OF EXAM 2 SCORES BY TIME DEPENDENT
LEVELS

-1.827 .736 -2.483 425 .013

-2.198 .516 -4.264 425 .000

-4.026 .609 -6.615 425 .000

-1.827 .834 -2.192 99.834 .031

-2.198 .582 -3.776 86.982 .000

-4.026 .664 -6.067 54.931 .000

Contrast
1

2

3

1

2

3

Assume
equal
variances

Does not
assume
equal
variances

EX 2

Value of
Contrast Std. Error t df

Sig.
(2-tailed)
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The results from the contrast tests for unequal variances follow:  

1) Contrast 1 – There is a significant difference (p = .031) in the mean 

scores of exam two when comparing time zero students to 1-3 weeks 

DS-participants. 

2) Contrast 2 – There is a significant difference (p = .000) between the 

mean scores of 1-3 weeks DS-participants and 4.6 weeks participants. 

3) Contrast 3 – The comparison, zero time and 4.6 weeks, is a 

requirement in the case that results of contrast 1 indicated no 

significance.   Noticeably, the outcome of contrast 2 reflects a large 

significant difference between the zero time and 1-4 weeks categories. 

A final comparison of significance between the time dependent groups is 

estimated by a very conservative post hoc14 evaluation (the Tamhane test15) 

assuming unequal variances. The necessity for this additional analysis was 

evident given that two of the contrast tests were not orthogonal. Namely, the 

comparisons are not independent because of the intersection of the 1-3 weeks time 

interval among contrast one and two. As an end result, the contrasts could 

possibly be under or over estimated due to the reflected standard error 

encompassed by the overlapping group. 

By in large, it is accepted that when a probability (p) value falls between 

.05 and .10, the result is regarded as marginally significant. (95) Since the above 

standard was adopted for the processes of evaluation for this research, the results 
                                                 
14 Post hoc evaluations are performed when a significant difference has been identified between 
more than two groups.  A pair wise comparison (t-test analysis) is performed between the 
different categories of groups (96,97).  
15 The Tamhane post hoc test is a conservative post hoc analysis for groups with unequal variance 
and/or unequal group sizes (98).   
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of Table 4.15 indicate only a marginally significant difference between the zero 

time and 1-3 weeks groups. In view of the fact that the Tamhane unequal variance 

estimates are the most conservative, these results are accepted as the valid test of 

significance for comparison of the different levels of time dependent groups.   

It is concluded that the DS-participants that remained in the program for a 

period greater than three weeks had gained the most benefit in reference to their 

performance on exam two. 

 
Table 4.15. Tamhane Post Hoc Results 

MULTIPLE COMPARISONS: COMPARISON OF EXAM 2 SCORES BY TIME
DEPENDENT LEVELS

Dependent Variable: EX2
Tamhane

-1.827 .736 .089 -4.334 .679

-4.026* .609 .000 -6.062 -1.990

1.827 .736 .089 -.679 4.334

-2.198* .516 .001 -3.955 -.442

4.026* .609 .000 1.990 6.062

2.198* .516 .001 .442 3.955

(J) TIME
1-3 weeks

4-6 weeks

zero

4-6 weeks

zero

1-3 weeks

(I) TIME
zero

1-3 weeks

4-6 weeks

Mean
Difference

(I-J) Std. Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
 

Exam Three 

The exam three time-dependent levels were reevaluated and the 

distribution tabulation of students for each level is indicated in Table 4.16.  
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Table 4.16. Distribution of Exam Three Scores 

ESCRIPTIVES: COMPARISON OF EXAM 3 BY TIME DEPENDENT LEVEL

EX3

44 10.82 4.57 .69 9.43 12.21 .00 20.00

41 10.80 5.04 .79 9.22 12.39 .00 20.00

64 12.38 3.31 .41 11.55 13.20 5.00 18.00

279 14.00 3.33 .20 13.61 14.40 3.00 21.00

428 13.13 3.87 .19 12.76 13.49 .00 21.00

zero time

1-3 weeks

4-6 weeks

7-9 weeks

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

The distribution of populations in the time dependent levels were 

determined in the following manner, the tabulation of the time levels being 

summarized in Figure 4.2:   

1) Two individuals became new participants leaving the zero time level 

with 44 members. 

2) The numbers of individuals in the 1-3 weeks level can be accounted 

for by adding the two new members and the 39 students who were 

either eliminated or resigned from the program.  

3) The 4.6 weeks level include 29 continuing members from the previous 

1-3 weeks level plus the 35 students who were either eliminated or 

resigned from the previous 7-9 weeks level. 

4) The number of students that participated from the initiation of the 

discussion session’s program totaled 279. 
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Figure 4.2. Population Distribution for Exam Three    
i) Negative numbers represent numbers of students who dropped their respective time level, ii) 
positive numbers represent numbers of students who remained in the program and advance to a 
higher time level iii) boxed numbers are the sum of the students who advanced into that time level 
and those who dropped at that time level. 

 

The comparisons of the third exam scores by means of the time dependent 

levels are complicated by the potential contamination of students who were 

incorrectly categorized in a time group.  Considering the criteria for establishing 

the time of a student’s DS-participation, it is possible that a few members of each 

category belonged to a lower time interval.  For example, consider Table 4.17, 

which incorporates two possible scenarios in which a student may be placed in a 

time category that is not consistent with the actual time the student participated in 

the program.  Since the placement in a certain time level is based on the condition 

that the student has attended at least one session within that time level, it can be 

 

 
 

Distribution of Populations in Exam 3 
Time Dependent Levels 
 
Time       0                  1-3                   4.6               7-9 
 
E2          46                  68                   314 
 
 
 
 
 
 
 
E3          44                41                    64                 279 

-35

+29+2 

 + 2   + 39  +29  +35 

-39 



 85

seen that in the first row of absences, the student who may have missed the 

second, fifth, and seventh weeks of the discussions sessions would be categorized 

in the 4.6 weeks level when in reality he or she only attended three sessions.  The 

situation would also occur in the second scenario of Table 4.17. 

 
Table 4.17. Time-Dependent Contamination Scenarios 

Time 
(weeks) 1       2         3 4        5        6      7       8       9 

Absences 
 

         x 
 

         x 

        x        x 
 

x 

 
 

x 

 

Although the electronically delivered session quizzes (which monitored 

students’ attendance) contained a time stamp, there are sizable conflicts between 

the records of the peer leaders and the electronic documentations.  There were, for 

a variety of (possibly valid and understandable) reasons, occasions when a student 

was unfairly counted absent or had taken a session quiz following his or her 

elimination from the program (see Chapter 5, pages 219-220 for discussion of 

problems associated with electronic tracking of student DS attendance). 

Therefore, the decision was made to rely upon the elimination notifications, 

which accounted for the number of absences but not the associated dates. The 

elimination notifications were delivered via e-mail at the end of each interval 

within the time levels. 

The Kruskal-Wallis test was utilized for the estimate of significance 

between time-dependent levels and exam three scores. As revealed in Tables 4.18, 
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no difference in the ranked scores between the combined levels of zero and 1-3 

was indicated, however, a considerable difference was apparent between the 

combined means of the zero and 1-3 weeks level and the remaining time levels. 

Table 4.20 illustrates an overall significant variation existed between the ranked 

scores among different time levels at p = 000. The Tamhane post hoc analysis and 

a contrast test were applied in order to better interpret the significant differences 

between the groups within the time dependent factor.  

 
Table 4.18. Ranks of Exam Three Scores 

RANKS: COMPARISON OF EXAM 3 BY
TIME DEPENDENT LEVELS

44 147.77

41 149.09

64 185.98

279 241.18

428

EX3TIME
zero time

1-3 weeks

4-6 weeks

7-9 weeks

Total

EX3
N Mean Rank

 

 
Table 4.19. Comparison of Exam Three Scores 

COMPARISON OF EXAM 3 BY TIME
DEPENDENT LEVELS: TEST STATISTICS

a,b

40.975

3

.000

Chi-Square

df

Asymp. Sig.

EX3

Kruskal Wallis Testa. 

Grouping Variable: EX3TIMEb. 
 

 



 87

 

MEAN OF EXAM 3 SCORES BY DS-PARTICIPATION
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Figure 4.3. Mean Distribution of Exam Three Scores 

 

Figure 4.3 displays the distribution of mean scores for exam three (class 

average = 13.126) for each of the four time intervals.  At first glance, there would 

be appear to be no differences between the zero time and 1-3 week groups, but a 

sizable difference between both the 1-3 and 4.6 week groups, and the 4.6 and 7-9 

week groups.  However, as indicated in the post hoc report, Table 4.20, there 

appears to be no significant difference between the 1-3 and 4.6 week groups. 
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Table 4.20. Tamhane Post Hoc Results for Exam Three 

MULTIPLE COMPARISONS: EXAM 3 SCORES BY TIME DEPENDENT LEVELS

Dependent Variable: EX3
Tamhane

1.330E-02 .794 1.000 -3.386 3.412

-1.557 .717 .294 -4.177 1.064

-3.185* .594 .000 -5.565 -.806

-1.330E-02 .794 1.000 -3.412 3.386

-1.570 .732 .402 -4.490 1.349

-3.199* .612 .002 -5.910 -.487

1.557 .717 .294 -1.064 4.177

1.570 .732 .402 -1.349 4.490

-1.629* .507 .004 -3.113 -.144

3.185* .594 .000 .806 5.565

3.199* .612 .002 .487 5.910

1.629* .507 .004 .144 3.113

(J) TIME
1-3 weeks

4-6 weeks

7-9 weeks

zero time

4-6 weeks

7-9 weeks

zero time

1-3 weeks

7-9 weeks

zero time

1-3 weeks

4-6 weeks

(I) TIME
zero time

1-3 weeks

4-6 weeks

7-9 weeks

Mean
Difference

(I-J) Std. Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
 

 

 

Considering the potential limitations to the time dependent levels, as 

discussed earlier, the conflict that apparently exists between the results in Table 

4.16 and Figure 4.2 could be rationalized. In order to resolve the extent of the 

differences between the first two groups (zero time and 3-4 weeks) and the 4-6 
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weeks’ group, a composite contrast test16 between the first two times levels and 

the third was conducted. As specified in Table 4.21, the contrast test was 

orthogonal, (i.e., there was no overlap between the two time levels with any other 

time level); therefore the results may be considered as a valid estimation of 

difference between the time levels.   

 
Table 4.21. Contrast Matrix for Exam Three 

CONTRAST COEFFICIENTS: TIME DEPENDENT
GROUPS  FOR EXAM 3

1 1 -2 0
Contrast
1

zero time 1-3 weeks 4-6 weeks 7-9 weeks

EX3TIME

 

 

Table 4.22. Contrast Test Results 

CONTRAST TESTS: TIIME DEPENDENT GROUPS FOR EXAM 3

-3.1269 1.2115 -2.581 424 .010

-3.1269 1.3326 -2.346 142.050 .020

Contrast
1

1

Assume equal
variances

Does not
assume equal
variances

EX3

Value of
Contrast Std. Error t df

Sig.
(2-tailed)

 
 

                                                 
16 The composite contrast test compares the composite of two groups with either another 
composite or a single level of the group categories. In this case, the zero-time and 1-3 weeks 
groups made up the composite group and were compared to the 4-6 weeks group. 
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The disparity between the two tests, the Tamhane and the contrasts, is 

considered an outcome from the point of view that the Tamhane is the most 

conservative of all the possible tests available for post hoc analysis of unequal 

variances.  In point of fact, the Tamhane test is rarely advised for such 

comparisons because of its propensity for masking significance where a treatment 

effect may not have been very large.  Nevertheless, the results of Table 4.22 

indicate that there exists a significant difference (p = 0.02) between the zero-time 

through 4.6 weeks time levels as compared to the 4.6 weeks level. The unequal 

variances (Table 4.16) can be explained by examining standard deviations of the 

first two groups as compared to remaining three groups in the separate time 

levels.  These analyses lead to the conclusion that the minimum time required for 

benefit from the small group interactions, in respect to performance on exam 

three, is at least four weeks.  However, the most benefit is seen in the mean scores 

of those students who remained in the program for a period of seven weeks or 

more. 

Exam Four 

The distribution descriptives for exam four are elaborated in Table 4.23.  The 

tabulation for the time level distributions is summarized in Figure 4.4. 
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Table 4.23. Distribution of Exam Four Scores 

DESCRIPTIVES: COMPARISON OF EXAM 4 SCORES BY TIME DEPENDENT LEVELS

EX4

44 11.500 6.950 1.048 9.387 13.613 .00 22.00

40 12.975 6.974 1.103 10.745 15.205 .00 23.00

43 14.209 4.897 .747 12.702 15.716 .00 23.00

69 14.536 5.619 .676 13.186 15.886 .00 22.00

232 17.909 3.627 .238 17.440 18.379 6.00 24.00

428 15.874 5.421 .262 15.359 16.389 .00 24.00

zero time

1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

 

 

 

 

 

 
 
 
 
 
 
 

 
 

 Figure 4.4. Population Distribution for Exam Four    
 i) negative numbers represent numbers of students who dropped their respective time level, ii) 
positive numbers represent numbers of students who remained in the program and advance to a 
higher time level iii) boxed numbers are the sum of the students who advanced into that time 
level and those who dropped at that time level. 
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The distribution of populations in the time dependent levels for exam four 

were determined in the following manner: 

1) Zero time remained the same. 

2) One student remained in the program while the remaining 40 

individuals were either eliminated or resigned. 

3) Time level 4.6 weeks were comprised of the student from the previous 

1-3 weeks category and 42 students who were either eliminated or 

resigned from the program. 

4) The 232 students who participated throughout the semester were in the 

10-12 weeks time level. 

The procedures for analysis of exam three scores were also used for 

analyzing the difference of means (class mean = 15.874) among the time 

dependent factors. 

 
Table 4.24. Exam Four Ranked Scores 

RANKS: COMPARISON OF EXAM 4 BY
TIME DEPENDENT LEVELS

44 130.66

40 161.80

43 162.44

69 179.05

232 259.68

428

EX4TIME
zero time

1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

Total

EX4
N Mean Rank
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Table 4.24 describes a ranked mean difference between zero time and the 

combined times of 1-3 and 4-6 weeks. There appears to be small difference 

between the latter groups and the 7-9 week group, but a large difference between 

all the groups when compared to the 10-12 weeks group. The overall significance 

(p = .000) of the Kruskal-Wallis test is indicated in Table 4.25. 

Figure 4.5, represents the graphical version of the average means of exam 

four as compared to time-dependent levels. A visual comparison of the average of 

the means for each time period, it suggested that if the zero–3 weeks were 

combined, and the 4.9 weeks were combined, a comparison between the two 

composite time intervals might reveal a moderate level of significant difference.  

 

Table 4.25. Comparison of Exam Four Scores 

COMPARISON OF EXAM 4 SCORES BY TIME
DEPENDENT LEVELS: TEST STATISTICS

a,b

72.118

4

.000

Chi-Square

df

Asymp. Sig.

EX4

Kruskal Wallis Testa. 

Grouping Variable: EX4TIMEb. 
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Figure 4.5. Exam Four Mean Scores 

 

To determine if the standard deviation within the composites of groups 

attained the criterion of equal variance, as suggested in Table 4.23, a Levine 

homogeneity of variance was executed for the zero time vs. 1-3 weeks groups, 1-3 

weeks vs. 4-6 weeks groups, and the 4-6 weeks and 7-9 weeks groups. The 

Levine analysis measures the mean variance within the groups of the dependent 

variable (exam scores) and determines if the variances differ significantly from 

one group to the other.  
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Table 4.26. Levine Test Group I and II 

Test of Homogeneity of Variances: Zero Time vs. 1-3 Weeks

EX4

.039 1 82 .844

Levene
Statistic df1 df2 Sig.

 

 
Table 4.27. Levine Test Group II and III 

Test of Homogeneity of Variances: 1-3 Weeks vs. 4-6 Weeks

EX4

6.738 1 81 .011

Levene
Statistic df1 df2 Sig.

 
 

Table 4.28. Levine Test Group III and IV 

Test of Homogeneity of Variances: 4-6 Weeks vs. 7-9 Weeks

EX4

.099 1 110 .754

Levene
Statistic df1 df2 Sig.

 
 

Tables 4.26 and 4.28 display the two evaluations that indicate an equal 

variance among the compared groups.  The lack of significance (p = .844 and p = 

.754) observed in the results is indicative of small differences in standard 

deviations among the groups. This result suggests that subsequent to post hoc 

analysis, if no significant difference exists between the groups with equal 

variances, a composite of these groups may be compared for significant 
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differences. On the other hand, the value of significance (p = .011) for the 

comparison in Table 4.27 indicates a large variation among the groups compared.  

Therefore, the latter groups would not be combined in a group composite for 

comparison. 

 
Table 4.29. Tamhane Post Hoc Results Exam Four 

MULTIPLE COMPARISONS: EXAM 4 SCORES BY TIME DEPENDENT LEVELS

Dependent Variable: EX4
Tamhane

-1.475 1.071 .983 -6.667 3.717

-2.709 1.051 .325 -7.109 1.690

-3.036 .946 .159 -7.300 1.227

-6.409* .806 .000 -10.176 -2.643

1.475 1.071 .983 -3.717 6.667

-1.234 1.077 .988 -5.809 3.340

-1.561 .974 .928 -6.008 2.886

-4.934* .839 .001 -8.919 -.950

2.709 1.051 .325 -1.690 7.109

1.234 1.077 .988 -3.340 5.809

-.327 .953 1.000 -3.744 3.090

-3.700* .814 .000 -6.436 -.964

3.036 .946 .159 -1.227 7.300

1.561 .974 .928 -2.886 6.008

.327 .953 1.000 -3.090 3.744

-3.373* .672 .000 -5.816 -.930

6.409* .806 .000 2.643 10.176

4.934* .839 .001 .950 8.919

3.700* .814 .000 .964 6.436

3.373* .672 .000 .930 5.816

(J) TIME
1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

zero time

4-6 weeks

7-9 weeks

10-12 weeks

zero time

1-3 weeks

7-9 weeks

10-12 weeks

zero time

1-3 weeks

4-6 weeks

10-12 weeks

zero time

1-3 weeks

4-6 weeks

7-9 weeks

(I) TIME
zero time

1-3 weeks

4-6 weeks

7-9 weeks

10-12
weeks

Mean
Difference

(I-J)
Std.

Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
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As expected, the Tamhane analysis, Table 4.29, did not detect significant 

differences among the comparisons of any groups other than those compared to 

the 10-12 weeks level.  Consequently, a contrast between the two composite 

groups, with similar variances, was preformed.   

The orthogonal composite contrast (Tables 4.30 and 4.31) between the 

zero-time through 1-3 week groups vs. the 4 through 9 weeks groups indicates a 

significant difference among the average means scores for both conditions of 

variance, equal (p = .003) and unequal (p = .021).   

 

Table 4.30. Contrast Matrix Exam Four 

CONTRAST COEFFICIENTS: EXAM 4 SCORES BY TIME
DEPENDENT LEVELS

1 1 -1 -1 0
Contrast
1

zero time 1-3 weeks 4-6 weeks 7-9 weeks 10-12 weeks

EX4TIME

 
 

 
Table 4.31. Contrast Test Results for Exam Four 

CONTRAST TESTS:  RESULTS OF TIME DEPENDENT LEVELS FOR EXAM 4 SCORES

-4.271 1.433 -2.979 423 .003

-4.271 1.825 -2.341 145.014 .021

Contrast
1

1

Assume equal
variances

Does not
assume equal
variances

EX4

Value of
Contrast Std. Error t df

Sig.
(2-tailed)
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The information shown in Table 4.32 is a cross-tabulation of course grade 

by time-dependent groups of the students who received a zero score for exam 4.  

The results in Table 4.32 indicate that the majority of students from the zero time 

group (7 out 9) and the 1-3 weeks groups (5 out of 6) who received a zero score 

on exam 4 earned a D or F for their course grade. The information in Table 4.32 

suggests that the number of students who received a zero on the fourth exam in 

the zero time and 1-3 weeks groups would not have negatively skewed the means 

of their respective groups for exam 4.  In other words, since the zero scores reflect 

the course achievement level attained by the majority of students in the zero time 

and 1-3 weeks groups, it is reasonable to assume the results of the contrast tests 

(Table 4.31) are a reasonable outcome. Therefore, from these data it is concluded 

that the DS-participants in the small-group discussions during the period of 4-9 

weeks had benefited with a higher level of performance on the fourth exam than 

those students who were associated with either the 1-3 weeks or zero time 

intervals, but did not reach the level of performance of those students who 

continued in the program for ten to twelve weeks. 
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Table 4.32. Cross-tabulation of Zero Scores by Time Dependent Groups 

EXAM 4 * COURSEGRADE* TIME PARTICIPATION CROSSTABULATION

Count

5 2 2 9

5 2 2 9

4 1 1 6

4 1 1 6

1 1

1 1

2 2 2 6

2 2 2 6

.00EX 4 SCORE

Total

.00EX 4 SCORE

Total

.00EX 4 SCORE

Total

.00EX 4 SCORE

Total

TIME IN DS
 zero time

1-3 weeks

4-6 weeks

7-9 weeks

 F D  C A

COURSEGRADE

Total

 
 

Factor One-Dependent Variable Two: Time Dependent Levels and Final 
Exam Scores 

The final exam scores were analyzed in relationship to the time in which 

students participated in the discussion session’s program. The final exam score, 

the dependent variable, was selected as the major determinant for achievement 

because the questions that comprised the final exam were selected from the 

previous four lecture exams.  In view of the fact that the students were unaware 

that they had actually seen the questions before, the final exam was essentially an 

attractive posttest for assessing achievement. Table 4.33 describes the distribution 

of the average mean final exam scores and standard deviation for each time level. 
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Table 4.33. Distribution of Final Exam Scores 

DESCRIPTIVES: COMPARISON OF FINAL EXAM SCORES BY TIME DEPENDENT
LEVELS

FinEx Raw

44 18.412 6.435 .970 16.456 20.369 .00 27.50

40 19.377 7.921 1.252 16.844 21.910 .00 27.50

43 21.014 4.769 .727 19.547 22.482 .00 29.37

69 22.824 4.553 .548 21.730 23.918 .00 29.37

232 24.529 3.150 .207 24.122 24.937 11.87 29.37

428 22.791 5.083 .246 22.308 23.274 .00 29.37

zero time

1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 

Nonparametric (ANOVA) Analysis 

Kruskal-Wallis test was used to determine if there were any significant 

differences between the ranked means of the final exam scores of the five time-

dependent groups of students.  The results, Tables 4.34 and 4.35, reveal a 

significant difference (p = .000) between the average ranked scores. 
 

Table 4.34. Final Exam Ranked Scores 

RANKS: FINAL EXAM SCORES BY TIME
DEPENDENT LEVELS

44 117.25

40 157.02

43 149.67

69 209.21

232 256.44

428

EX4TIME
zero time

1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

Total

FinEx Raw
N Mean Rank
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Table 4.35. Comparison of Final Exam Scores 

COMPARISON OF FINAL EXAM SCORES BY
TIME DEPENDENT LEVELS: TEST STATISTICS

a,b

74.663

4

.000

Chi-Square

df

Asymp. Sig.

FinEx Raw

Kruskal Wallis Testa. 

Grouping Variable: EX4TIMEb. 
 

 
 

The Tamhane analysis, Table 4.36, illustrates significant differences 

between the comparisons of the 7-9 week to the zero and 10-12 week groups, but 

no significant outcomes when compared to the remaining 1-3 and 4-6 week 

groups.  The 10-12 week group is significant to all other groups.   
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Table 4.36. Tamhane Post Hoc Results for Final Exam Scores 

MULTIPLE COMPARISONS: FINAL EXAM SCORES BY TIME DEPENDENT LEVELS

Dependent Variable: FinEx Raw
Tamhane

-.965 1.001 1.000 -5.534 3.604

-2.602 .983 .299 -6.093 .890

-4.411* .884 .002 -7.632 -1.191

-6.117* .754 .000 -9.031 -3.204

.965 1.001 1.000 -3.604 5.534

-1.637 1.007 .952 -5.838 2.564

-3.447 .911 .137 -7.436 .543

-5.152* .785 .002 -8.907 -1.398

2.602 .983 .299 -.890 6.093

1.637 1.007 .952 -2.564 5.838

-1.810 .890 .402 -4.426 .807

-3.515* .761 .000 -5.732 -1.299

4.411* .884 .002 1.191 7.632

3.447 .911 .137 -.543 7.436

1.810 .890 .402 -.807 4.426

-1.706* .628 .045 -3.388 -2.347E-02

6.117* .754 .000 3.204 9.031

5.152* .785 .002 1.398 8.907

3.515* .761 .000 1.299 5.732

1.706* .628 .045 2.3E-02 3.388

(J) TIME
1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

zero time

4-6 weeks

7-9 weeks

10-12 weeks

zero time

1-3 weeks

7-9 weeks

10-12 weeks

zero time

1-3 weeks

4-6 weeks

10-12 weeks

zero time

1-3 weeks

4-6 weeks

7-9 weeks

(I) TIME
zero time

1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

Mean
Difference

(I-J) Std. Error Sig.
Lower
Bound

Upper
Bound

95% Confidence
Interval

The mean difference is significant at the .05 level.*. 
 

 
 

Since there is a similar variance between the first two time periods and the 

second two time periods, as indicated in Table 4.33, a contrast composite was 

executed comparing the first two groups (zero through three weeks) to the third 
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and fourth groups (four through nine weeks). The output results of the composites 

appear in Tables 4.37 and 4.38. 

 

Table 4.37. Contrast Matrix for Final Exam Scores 

 

Table 4.38. Contrast Test Results for Final Exam Scores 

CONTRAST TESTS:  ZERO-THREE WEEKS VS FOUR TO NINE WEEKS

-6.048 1.340 -4.514 423 .000

-6.048 1.827 -3.310 121.619 .001

Contrast
1

1

Assume equal
variances

Does not
assume equal
variances

FinEx Raw

Value of
Contrast Std. Error t df

Sig.
(2-tailed)

 

 

The contrast composites indicated that there is a significant difference  

(p = .001) between the first two time levels (zero-3 weeks) and the next two time 

levels (4-9 weeks). 

Repeated Measures Analysis 

Finally, a repeated measures analysis was performed that included the four 

lecture exams and final exam raw scores.  This analysis is a “within-subjects 

procedure” where each subject is tested against his or her own performance 

Contrast Coefficients: Composite Comparison of Time Dependent Levels

1 1 -1 -1 0
Contrast
1

zero time 1-3 weeks 4-6 weeks 7-9 weeks 10-12 weeks

EX4TIME
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between the dependent variables, for example, a pretest-posttest analysis. The 

average mean difference, the collective average of each subject in a particular 

time interval, was reported for the different time levels.  The between subjects 

outcome, Table 4.39, is the measurement taken between the same individual 

between different exams. The information presented in Table 4.39 indicates that 

the interaction of the exams with different levels of time is significant (p = .000).  

Eta squared, the effect-size measure, indicates how much of the total variance is 

explained by the main effect, the time levels.  In this case, the exam by time level 

interaction accounts for 23.9 % of the variance in the five exams. The intercept is 

the remaining SD variance, which would be expected to be large with such a 

sizeable number of students. 

 
Table 4.39. Repeated Measures Results for Final Exam Scores 

Tests of Between-Subjects Effects: Course Exams By Time Dependent Levels

Measure: MEASURE_1
Transformed Variable: Average

317029.852 1 317029.852 6962.234 .000 .943

6037.420 4 1509.355 33.147 .000 .239

19261.579 423 45.536

Source
Intercept

EX4TIME

Error

Type III
Sum of
Squares df

Mean
Square F Sig. Eta Squared
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Table 4.40. Tamhane Post Hoc for Repeated Measures Final Exam Scores 

Multiple Comparisons: Final Exam vs. Time-Dependent Groups

Measure: MEASURE_1
Tamhane

-.849 .659 .992 -4.139 2.442

-1.864 .647 .192 -4.569 .842

-2.932* .582 .001 -5.426 -.438

-4.600* .496 .000 -6.913 -2.286

.849 .659 .992 -2.442 4.139

-1.015 .663 .936 -3.958 1.928

-2.083 .600 .107 -4.840 .674

-3.751* .517 .000 -6.351 -1.151

1.864 .647 .192 -.842 4.569

1.015 .663 .936 -1.928 3.958

-1.068 .586 .495 -3.024 .888

-2.736* .501 .000 -4.444 -1.028

2.932* .582 .001 .438 5.426

2.083 .600 .107 -.674 4.840

1.068 .586 .495 -.888 3.024

-1.668* .414 .000 -2.933 -.403

4.600* .496 .000 2.286 6.913

3.751* .517 .000 1.151 6.351

2.736* .501 .000 1.028 4.444

1.668* .414 .000 .403 2.933

(J) EX4TIME
 1-3 weeks

4-6 weeks

 7-9 weeks

10-12 weeks

1.00  zero time

4-6 weeks

 7-9 weeks

10-12 weeks

1.00  zero time

 1-3 weeks

 7-9 weeks

10-12 weeks

1.00  zero time

 1-3 weeks

4-6 weeks

10-12 weeks

1.00  zero time

 1-3 weeks

4-6 weeks

 7-9 weeks

(I)
EX4TIME
zero time

 1-3 weeks

4-6 weeks

7-9 weeks

10-12 weeks

Mean
Difference

(I-J) SD Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

Based on observed means.
The mean difference is significant at the .01 level.*. 
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The estimated mean differences, between exams one to four, are indicated 

for each time-dependent group in Table 4.40.  The negative mean score indicates 

that the average score, estimated from the variation in scores between the four 

different exams, for that particular group was lower by the designated number of 

points than the comparison group.   

The data output of the post hoc analysis of Table 4.40, indicates that the 

10-12 weeks groups had an overall higher mean point value increase between 

exams when compared to the other time-dependent groups. The significant 

differences, at a probability of .01, are p = .000 between the 10-12 week group 

when compared to each of the remaining time-dependent groups. 

 

 

COURSE EXAMS VS. TIME DEPENDENT GROUPS

REPEATED MEASURES
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Figure 4.6. Repeated Measures Means of Final Exam Scores 
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Figure 4.6 is a graphical representation of the results of the repeated 

measures test.  We conclude that the average gain of achievement between exams 

was dependent upon the length of time a student remained in small group 

discussion.   

Factor Two-Dependent Variable Two: DS-Sections and Exam Performance 

Students participating in the DS program were committed to attending 

only one discussion section throughout the semester.  As discussed earlier, the 

section that a particular student attended was determined voluntarily through an 

electronic sign up procedure at the beginning of the semester.  Although students 

were allowed to change sections within the twelve-day drop/add period, following 

this period only those newly enlisted students modified the roster for a particular 

section.  The final population distribution of each section is represented in Table 

4.2.  The numbers of students in each section following each exam period are not 

be presented in these results.  Considering the outcome of the following analysis, 

it seemed unnecessary to include such information. 

To determine if a statistical significant difference between achievement of 

students and the section in which they attended exists, an analysis of variance 

(ANOVA) was performed for each lecture exam. The results are given in the 

Tables 4.41, 4.42, 4.43, and 4.44.  Except for exam one, which indicated a 

marginal significance, there are no differences in variation between the sections 

and the average exam means. Consequently, it is concluded that there was no 

advantage for a group of students attending one section over another section. 
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Recall that the assignment of students to a particular section was voluntary and 

self assigned. 

 
Table 4.41. DS Sections and Exam One Scores Comparisons 

ANOVA: EXAM 1 VS. DS SECTIONS

EX1

141.260 6 23.543 2.036 .060

4360.479 377 11.566

4501.740 383

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.

 
 

Table 4.42. DS Sections and Exam Two Scores Comparisons 

ANOVA: EXAM 2 VS DS-SECTIONS

EX2

92.671 6 15.445 1.195 .308

4355.047 337 12.923

4447.718 343

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.
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Table 4.43. DS Sections and Exam Three Scores Comparisons 

ANOVA: EXAM 3 VS DS-SECTIONS

EX3

75.138 6 12.523 1.136 .341

3239.793 294 11.020

3314.930 300

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.

 
 
 

Table 4.44. DS Sections and Exam Four Scores Comparisons 

ANOVA: EXAM 4 VS DS-SECTIONS

EX4

50.539 6 8.423 .634 .703

2988.560 225 13.282

3039.099 231

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.

 

 

Factor Two-Dependent Variable Two: DS-Sections and Final Exam 
Performance 

Table 4.45 represents the final distribution of students per section during 

the last week of discussion sessions. 
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Table 4.45. Distribution of Final Exam Scores by Sections 

DESCRIPTIVES: POPULATION DISTRIBUTION OF SECTIONS

FinEx Raw

6 24.895 3.411 1.393 21.315 28.475 20.62 28.75

41 24.830 2.770 .433 23.955 25.704 18.75 28.75

25 23.997 3.621 .724 22.503 25.492 15.62 29.37

34 25.291 2.525 .433 24.411 26.172 18.12 29.37

36 25.309 3.085 .514 24.265 26.353 15.00 29.37

31 24.877 2.330 .419 24.022 25.732 20.62 28.75

59 23.412 3.657 .476 22.459 24.365 11.87 28.75

232 24.529 3.150 .207 24.122 24.937 11.87 29.37

Sect A & B

Sect C & D

Sect E & F

Sect G & H

Sect I & J

Sect K & L

Sect M, N, & O

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

An ANOVA was utilized for analysis of the mean scores of the final exam 

by the sections that students attended.  Again, no statistical difference is seen in 

this analysis, (Table 4.46). 

 
Table 4.46. DS Sections and Final Exam Scores Comparison 

ANOVA: FINAL EXAM VS DS SECTIONS

FinEx Raw

214.242 6 35.707 1.663 .129

8096.690 377 21.477

8310.932 383

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.
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Factor Three – Dependent Variable Three: Lecture Quizzes and Lecture 
Attendance 

The purpose of this factor was not to determine the significance between 

taking quizzes and effect it would have on the score of the lecture exams or the 

final exam.  To accurately assess such a result, the actual quiz scores would have 

to be considered.  Due to the manner in which the quizzes were administered, 

there were simply too many uncontrollable variables associated with the quiz 

scores students received. First, the quizzes were administered using overhead 

projection during the final 15-20 minutes of a lecture class. Secondly, the students 

were allowed to confer during the time of the quiz, and there were times when the 

professor would provide the answer. Thirdly, the answers were submitted on a 

bubble sheet and there were always a barrage of complaints from students 

concerned that the scores they received did not accurately reflect the scores they 

expected to receive (the incorrect answer was not efficiently erased and the 

student did not receive credit, or the student did not bubble in the correct 

identification information). Nevertheless, the professor of the course was 

relentless concerning quiz scores; there would be no adjustments regardless of the 

argument.   

Since the quizzes were given randomly, it seemed reasonable to assume 

that the number of the quizzes attempted by the students would be a fairly reliable 

measurement of lecture attendance.  Certainly, students who attended the lectures 

most often would have the opportunity to take the greatest number of quizzes. 

Table 4.47 describes the distributions of quiz by time-dependent groups. 
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Table 4.47. Distribution of Quiz Attempts 

DESCRIPTIVES:  NUMBER OF QUIZZES ATTEMPTED BY TIME DEPENDENT LEVELS

NOQZ

44 6.50 1.82 .27 5.95 7.05 3.0 9.0

40 6.45 2.22 .35 5.74 7.16 1.0 9.0

43 7.35 1.89 .29 6.77 7.93 2.0 9.0

69 7.97 1.35 .16 7.65 8.30 3.0 9.0

232 8.49 1.01 6.66E-02 8.36 8.62 3.0 9.0

428 7.89 1.61 7.79E-02 7.74 8.05 1.0 9.0

1.00  zero time

2.00  1-3 weeks

3.00  4-6 weeks

4.00  7-9 weeks

5.00  10-12 weeks

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

A graphical representation of average number of quizzes attempted by 

time dependent levels appears in Figure 4.7.   
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NUMBER OF QUIZZES ATTEMPTED

BY TIME DEPENDENT LEVELS

TIME
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Figure 4.7. Mean Number of Quiz Attempts 

As with all trends previously seen in the analysis of this experiment, the 

number of quizzes attempted increased with increased time in the small group 

discussion sessions.  A bivariate correlation analysis was performed to determine 

the significance of the relationship between the number of quizzes attempted and 

the times dependent levels.   

The output of this bivariate analysis, shown in Table 4.48, indicates a 

significant correlation between the time in discussion and the number of quizzes 

attempted.  It would be difficult to predict the magnitude of the influence of one 
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variable over the other.  A possible explanation could be that attending lectures on 

a regular basis precipitated a greater perceived need among students for help with 

the course subject matter. It was also possible that the constant encouragement to 

attend lectures by the sections’ pTA’s made an impression.  There are many 

potential arguments for the significant relationship that exists between the time in 

discussion and the number of quizzes taken. Only one reasonable conjecture can 

be made, it is highly probable that increased lecture attendance extensively 

increased the chance students would have had to take a quiz.  The number of quiz 

attempts was positively correlated with the time in small group discussion 

sessions; therefore, increased lecture attendance is related to the time in which 

students remained in discussion session’s program. 

 
Table 4.48. Number of Quiz Attempts Correlation 

CORRELATIONS: NUMBER OF QUIZZES
ATTEMPTED WITH TIME DEPENDENT LEVELS

1.000 .480**

. .000

428 428

.480** 1.000

.000 .

428 428

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

NOQZ

EX4TIME

NOQZ EX4TIME

Correlation is significant at the 0.01 level
( il d)

**. 
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ACHIEVEMENT ANALYSIS 

The overall degree of achievement for students participating in the 

discussion program is reviewed in Figure 4.8.  The final exam scores are the 

central determinant for the analysis of achievement.  From the distributions of 

scores, summarized in Figures 4.9 and 4.10, it is evident that those students who 

remained in the discussion session’s program for longer intervals of time 

benefited the most in terms of achievement in the chemistry class.   

 

 

Results of Final Exam

Experiment 1

Final Exam Raw Scores
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Figure 4.8. Cumulative Frequency of Final Exam Scores 
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FINAL EXAM ACHIEVEMENT

EXPERIMENT 1

TIME IN DISCUSSION SESSIONS
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Figure 4.9. Final Exam Achievement 

 

Figure 4.11 suggests an almost linear relationship with respect to time in 

discussion and achievement on the final exam. These results, together with the 

above analyses, indicate that the small group discussion program was very 

beneficial for students who elected to participate. The question concerning the 

effectiveness of group meetings outside of a formal environment has been 

satisfied; small group discussions are beneficial without the constraint of constant 

supervision of group interaction.    
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FINAL EXAM SCORES BY TIME DEPENDENT GROUPS

TIME DEPENDENT CATEGORIES
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Figure 4.10. Final Exam Mean Scores by DS Time Categories 

THE SMALL GROUP EVALUATIONS 

Evaluation One 

Following each lecture exam, each student was asked to evaluate his or 

her group members’ performance in providing help with the specific concepts 

introduced during the interval between exams. (Appendix I)  The electronic 

evaluation form required a log-on name, password, and a code that identified the 

evaluator’s discussion section, sub-section, and group number.  Once the form 

had been accessed, the evaluator was also asked to identify the members of his or 
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her group with another student code. The evaluation question required the 

evaluator to score each group member on a five-point scale: 1 = poor; 2 = fair; 3 = 

good; 4 = very good; and 5 = excellent. 

  The students were queried about the group members’ attendance as a 

secondary method in which previous records could be checked. Although each 

group was asked to submit a weekly summary sheet containing group attendance, 

the location and length of the group meeting, and each group members’ signature, 

the evaluation gave the student a private opportunity to give a truthful account of 

each member’s attendance, as well as, an honest private assessment of each 

member’s contribution to the group’s interaction.   

Table 4.49 provides a distribution across the sections for the first 

collection of evaluation scores. As indicated in the table, 270 students, out of the 

possible 333 DS-participants in the exam one interval, complied with the 

evaluation task. 

The tabulated responses and the resulting group means for the ratings of 

each section appear in Figure 4.11. The average group evaluation scores were 

assessed for each exam period and sorted for poor group performance.  If an 

obvious overall poor rating resulted, the leader of the section of that particular 

group was advised and possible resolutions for the group’s problems were 

discussed.  As a result, in a few circumstances, the reformation of group members 

was necessary.  In a rare case, however, it was essential to eliminate an individual 

group member from the discussion program as a consequence of a persistent lack 
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of preparation prior to group meetings (a student who was simply along for the 

ride during his or her group meetings) and/or poor group attendance. 

  
Table 4.49. Distribution of Group Evaluation I Scores  
Score for evaluations: 1 = poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent. 

DESCRIPTIVES: SMALL GROUP EVALUATIONS (1)

AVGQ

9 3.295 .373 .124 3.008 3.582 2.6 3.8

42 3.986 .971 .150 3.683 4.289 1.9 5.0

40 4.341 .618 9.769E-02 4.144 4.539 2.7 5.0

44 3.805 .747 .113 3.578 4.032 1.5 5.0

41 4.209 .640 9.998E-02 4.007 4.411 2.8 5.0

34 4.113 .870 .149 3.809 4.416 2.4 5.0

60 4.268 .809 .104 4.059 4.477 2.0 5.0

270 4.099 .803 4.887E-02 4.002 4.195 1.5 5.0

1.0  Sect A & B

2.0  Sect C & D

3.0  Sect E & F

4.0  Sect G & H

5.0  Sect I & J

6.0  Sect K & L

7.0  Sect M, N & O

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

The data in Figure 4.11 indicates that the average groups’ performances 

across the sections range from slightly above good to a little higher than very 

good.   

The final two questions on the evaluation form provided the student with 

the opportunity to (1) rate his or her own average performance during the group 

meetings, and (2) speculate the group rating that he or she would receive from his 

her group members. 
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Small Group Evaluation 1
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Figure 4.11. Mean Scores Evaluation I  
1= poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent 
 

Figure 4.12 represents the outcome of the section’s average self-rankings. 

These results are indicative of the student’s belief in his or her overall 

contribution during the time interval in which the group meetings occurred. 

Figure 4.13 represents the outcome of the section’s average predicted ratings. 

The outcomes of the self-evaluations when compared to the predicted and 

actual evaluations are invaluable as an additional means of monitoring group 

activity.  For example, the two groups that comprised sub-sections A and B 

responded with the lowest averages among all the group performance ratings. Yet, 

it appeared that individual members within those groups, on the average, had the 

attitude that their efforts were more beneficial than their group peers, and as a 

consequence, had expectations that these efforts would be recognized 

accordingly. That kind of obvious inconsistency is clearly a symptom of an 
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unproductive group. It is precisely those sorts of the red flags that were 

scrutinized, during the assessment stage, for the necessity of an external 

intervention in order to maintain productive groups outside of the confines of a 

supervised environment.   

 

Self Rating

Evaluation 1
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Figure 4.12. Evaluation I Self-Rating    
Score for evaluations: 1= poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent.  Peer rate=how the 
student felt how his or her performance should be rated during the past interval of small group 
meetings. 
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Predicted Peer Rating

Evaluation 1
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Figure 4.13. Evaluation I Predicted Rating    
Score for evaluations: 1= poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent.  Peer rate = 
Section average of how the student felt group peers would rate his or her performance during the 
past interval of small group meetings. 
 

Evaluations Two and Three 

Immediately following the second and third exams, the on-line evaluations 

were posted for the DS-participants.  

Although all students, regardless of future DS-participation intentions, 

were greatly encouraged to complete the form, only 167 out of a potential 314 

students submitted the second of the series of evaluations. The distributions, given 

by section, are presented in Table 4.50. In Figure 4.14, the allocations of the 

average section ratings are observed.   
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Table 4.50. Distribution of Evaluation II Scores 
Score for evaluations: 1 = poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent. 

DESCRIPTIVES: SMALL GROUP EVALUATIONS (2)

AVGQ

10 3.224 .733 .232 2.700 3.748 1.8 4.1

22 3.935 1.239 .264 3.385 4.484 1.2 5.0

8 4.160 .756 .267 3.529 4.792 3.1 5.0

34 3.966 .899 .154 3.653 4.280 1.0 5.0

22 4.213 .883 .188 3.821 4.604 2.6 5.0

31 4.058 .809 .145 3.761 4.355 2.1 5.0

40 4.261 1.043 .165 3.928 4.595 1.0 5.0

167 4.047 .969 7.502E-02 3.899 4.195 1.0 5.0

1.0  Sect A & B

2.0  Sect C & D

3.0  Sect E & F

4.0  Sect G & H

5.0  Sect I & J

6.0  Sect K & L

7.0  Sect M, N & O

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

During the analysis of the second evaluations, again a noticeable 

difference exists between the actual ratings received and the self and/or predicted 

ratings of the groups in sub-sections A and B.  Since there was only one group per 

sub-section, the student members of both groups were interviewed.  Following the 

consultations, there were no apparent difficulties revealed that warranted concern 

about the future productivity of either group. 
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SMALL GROUP EVALUATION 2

EXPERIMENT 1
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Figure 4.14.  Mean Scores Evaluation II   
Score for evaluations:  1= poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent. 
 
 

PREDICTED PEER RATING
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Figure 4.15. Evaluation II Predicted Rating 
Score for evaluations: 1= poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent.  Peer rate=how the 
student felt the group peers would rate his or her performance during the past interval of small 
group meetings. 
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The results of the third evaluations can be seen in Table 4.51, Figures 

4.16, 4.17, and 4.18.  From the section distributions, it can be seen that there were 

only two students remaining in section A at this point.  As it turns out, both 

students were in the same sub-section.  Concerning the members of sub-group A, 

comparisons of the three different evaluations give “obvious” implications. 

 
Table 4.51. Distribution of Evaluation III Scores  
Score for evaluations: 1 = poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent. 

DESCRIPTIVES:  SMALL GROUP EVALUATION 3

AVGQ

2 3.964 1.465 1.036 -9.196 17.124 2.9 5.0

23 4.146 .820 .171 3.791 4.500 2.4 5.0

10 4.771 .629 .199 4.322 5.221 3.0 5.0

19 4.241 .604 .139 3.950 4.533 3.0 5.0

36 4.329 .825 .138 4.050 4.608 2.4 5.0

29 4.109 .819 .152 3.797 4.420 2.2 5.0

42 4.197 1.039 .160 3.873 4.520 1.0 5.0

161 4.241 .859 6.768E-02 4.108 4.375 1.0 5.0

1.0  Sect A & B

2.0  Sect C & D

3.0  Sect E & F

4.0  Sect G & H

5.0  Sect I & J

6.0  Sect K & L

7.0  Sect M, N, & O

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max
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SMALL GROUP EVALUATIONS 3

EXPERIMENT 1
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Figure 4.16. Mean Scores Evaluation III Score for Evaluations 
Score for evaluations:  1= poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent 

 
SELF RATING
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Figure 4.17. Evaluation III Self-Rating 
Score for evaluations: 1= poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent.  Peer rate=how the student 
felt how his or her performance should be rated during the past interval of small group meetings. 
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PREDICTED PEER RATING

EVALUATION 3
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Figure 4.18. Evaluation III Predicted Rating   
Score for evaluations: 1= poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent.  Peer rate=how the 
student felt the group peers would rate his or her performance during the past interval of small 
group meetings. 
 

It was customary, following each exam, to perform a z-score17 analysis of 

the exam scores and reevaluate the achievement levels of the students.  These 

results were then utilized to organize new groups by overlapping students with 

closely associated achievement levels.  However, it became evident after the first 

two exams that a majority of the DS-participants were extremely unhappy with 

this process.  The underlying problem associated with their discontent was the 

fact that it was difficult for the students to rearrange their schedules to 

accommodate the weekly meetings with new group members. Although 

subsequent to the third and fourth exams the z-score analysis was performed and 

                                                 
17  Z-scores (standard scores) are a distribution of values that standardizes raw data to a mean of 
zero and a standard deviation of one. The z-score indicates which direction and magnitude that any 
raw score deviates from the distribution mean (95). 
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the student achievement levels were adjusted, the group compositions following 

exam two remained intact for the remainder of the semester. 

The End of Semester Survey 

Following the fourth exam, the students were given a short end of 

semester survey, rather than a group evaluation.  The responses, especially to one 

explicit question, had such a major impact on the manner in which the future of 

the discussions sessions would be implemented that the survey and the 

corresponding responses are included in these results. 

The following list of questions and response choices were presented to the 

DS-participants in the final evaluation: 

1) Participation in the Monday discussion session was: 

a) Very helpful for my understanding of the concepts introduced in the 

lecture class. 

b) Was a little helpful for my understanding of the concepts introduced in 

the lecture class. 

c) Was not helpful, I only participated for the ten points toward my exam 

scores. 

d) I have no opinion about the Monday discussion sessions. 

2) The group assignments were: 

a) Helpful. I felt comfortable with the members in my groups and learned 

more than I would have if I had studied alone. 

b) Generally helpful. I feel that I would have learned more if I could have 

selected the members in my groups. 
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c) A waste of time. I felt uncomfortable with the members in my groups 

and would have learned more if I could have selected the members in my 

group. 

d). A waste of time. I do not like to study in a group environment, I learn 

more when I study on my own. 

e) I have no opinion about the helpfulness of the groups I to which I was 

assigned during the semester. 

3) The peer teaching assistants leading my discussion section: 

a) Were polite and willing to help with the questions that I, or the 

members in my group, had concerning the information on the problem sets 

and quizzes. 

b) Were polite but sometimes unwilling to help with the questions that I, 

or the members in my group, had concerning the information on the 

problem sets and quizzes. 

c) Seemed annoyed when I, or the members in my group, had questions 

concerning the information on the problem sets and quizzes. 

d) Were willing to help but seemed unprepared for the questions that I, or 

the members in my group, had concerning the information on the problem 

sets and quizzes. 

e) I have no opinion concerning the teaching assistants leading my 

discussion section this semester. 
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Consider the following paragraph. 

In a future chemistry course, discussion sessions are made available to all 

students enrolled in the class. Participating students will be assigned into 

groups, but the group meetings will occur in one hour weekly sessions in a 

classroom with movable chairs. Peer teaching assistants, who have 

accomplished all discussion assignments through their own group 

collaboration prior to the weekly meetings, will supervise the sessions. 

Although the discussion assignments will be made available in advance of 

the weekly sessions, the assignments must be completed during the one-

hour sessions and submitted by scantron.  The only incentive offered for 

the student’s participation is that the assignments completed during 

discussion are those administered by the professor of the course--the 

points received are the same whether a student submits the assignment 

following a group discussion session or submits the assignment in a course 

assigned homework receptacle. 

4) If you were registered for the above chemistry course, would you enroll in 
the discussion session described for this course? 

a) Yes 

b) No 
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End of Course Survey
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Figure 4.19. End of Course Survey Results 

The survey responses are presented in Figure 4.19.  From the number of 

“B” responses to question one, it is concluded that the majority of students felt 

that the small group meetings had benefited their achievement to some degree.  

However, from the number of “B” responses given on question two, the 

participants appeared to prefer to select their group members rather than having 

them assigned. This last issue is interpreted as either the need for further 

consideration to be given to the “social interaction factor” when group 

performance is assessed, or the need to produce a more stabile environment in 

which group interactions occur. The overwhelming “A” responses to the last 

question seemed to suggest that the students would prefer to be involved in a 
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more regulated situation where group participation is a component of, rather than, 

a companion to the course.   

EXPERIMENT TWO 

Statistical analyses were employed to quantify the difference between 

course achievement (dependent variable) and the following factors (independent 

variables):  

1) The DS-participants, Eliminated Students, and Non-Participants. 

2) The sections in which the DS-participants were attending. 

3) The number of homework assignments students attempted, and the 

resultant points accrued, during the course of the semester. 

Specifically, the mean scores of the four lecture exams (dependent 

variable one) were related to the above factors and were compared through 

statistical analyses.  The final exam grades were not included in the data released 

by the faculty member in charge of the course, therefore, the course grades 

(dependent variable two) were included in the statistical analyses.  The number of 

homework assignments students attempted, and the resultant points accrued, 

during the course of the semester (dependent variables three) were also 

considered as a measure of achievement in the course. 

The overall statistical significance (an effect size) in the difference 

between the mean scores and the independent variables was considered as an 

indication of whether a single factor or a combination of the factors could explain 

the level of achievement attained by the subjects included in the investigation.  



 133

THE SAMPLE POPULATION DESCRIPTIVES 

Factor One: DS-participants, Eliminations, and Non-Participants 

Initially, the students of the investigative population were divided into the 

categories of DS-participants or Non-Participants on the basis of their voluntary 

commitment to the discussion session’s program, Table 4.52.   It should be noted 

that there were officially 475 students enrolled in the lecture class, but there were 

two students excluded from the analysis because their total course points were 

zeros.  It was assumed these students did not attend the lecture class.  

Although the semester encompassed 16 weeks of classes, the DS program 

spanned the time interval of 13 weeks. (The discussion sessions were not held 

during the first, the last or spring break weeks of classes.) 

 
Table 4.52. Distribution of DS-Participant Classifications 

DESCRIPTIVES:  DS-PARTICIPANTS VS. NON-PARTICIPANTS

142 30.0 30.0 30.0

331 70.0 70.0 100.0

473 100.0 100.0

1.00  Non-Participants

2.00  DS-Participants

Total

Valid
Frequency Percent

Valid
Percent

Cumulative
Percent

 

 

Subsequent to the second lecture exam, all of the students registered for 

the lecture course were classified into one of three categories: DS-participants, 

Eliminations, or Non-Participants. The reason for this final classification was that 

no students were added or eliminated from the program beyond the second exam 
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interval, Table 4.53.  Any discrepancies in the populations of the three categories 

that appear in later analyses were a result of the adjustments made for students 

who withdrew from the course. 

 
Table 4.53. Final Distribution of DS-Participation Classifications 

DESCRIPTIVES:  POPULATION DISTRIBUTIONS OF DS-DEPENDENT
CATEGORIES

122 25.8 25.8 25.8

100 21.1 21.1 46.9

251 53.1 53.1 100.0

473 100.0 100.0

1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

Valid
Frequency Percent

Valid
Percent

Cumulative
Percent

 
 
 

Factor Two: Discussion Session Sections 

To determine if an achievement effect was specific to a particular section 

or sections, the DS-participants were grouped according to the section they 

attended.  Once the section rosters had been established after the add/drop period, 

students were only allowed to attend the section in which he or she had signed up.   

Table 4.54 represents the numbers of students per section following the final sign 

up period. 
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Table 4.54. Distribution of DS-Section Populations 

DESCRIPTIVES: DS-PARTICIPANTS BY SECTION

23 4.9 6.9 6.9

21 4.4 6.3 13.3

28 5.9 8.5 21.8

15 3.2 4.5 26.3

53 11.2 16.0 42.3

58 12.3 17.5 59.8

37 7.8 11.2 71.0

20 4.2 6.0 77.0

49 10.4 14.8 91.8

11 2.3 3.3 95.2

16 3.4 4.8 100.0

331 70.0 100.0

142 30.0

473 100.0

1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

Valid

SystemMissing

Total

Frequency Percent
Valid

Percent
Cumulative

Percent

 

 

Factor Three: Course Homework 

This particular course activity served as both a dependent and independent 

variable in the analysis of experiment two.  As the independent factor, the number 

of homework submissions by students was correlated to the course grade.  On the 

other hand, as the dependent variable, homework submissions were correlated 

with the categories of DS-Participation, the assumption was that the number of 

homeworks completed, and the number of correct answers were positively 

correlated to the degree of success the students achieved in the course.  If the 

assumption proved to be correct, then it was reasonable to presume that a 

measurement of student achievement could also be ascertained through 
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correlations among the first factor (DS-participants, Eliminations, and Non-

Participants) and the number of homeworks submitted and the total points 

amassed from these submissions. 

The data of Table 4.55 describes the numbers and percentages of the total 

homework submitted at the end of the semester. 

 
Table 4.55. Distribution of Homework Submissions 

TOTAL NUMBER OF HOMEWORK SUBMITTED

37 7.8 7.8 7.8

35 7.4 7.4 15.2

55 11.6 11.6 26.8

31 6.6 6.6 33.4

34 7.2 7.2 40.6

33 7.0 7.0 47.6

58 12.3 12.3 59.8

81 17.1 17.1 77.0

109 23.0 23.0 100.0

473 100.0 100.0

.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

Total

Valid
Frequency Percent

Valid
Percent

Cumulative
Percent

 

 

The information in Table 4.56 provides the mean number of points earned 

for each quantity of homework submitted at the end of the semester. As an 

example, the table shows that there were 37 students who did not submit 

homework, and consequently, received zero bonus points. There were 35 students 

who submitted one homework assignment during the entire semester and received 
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a mean of 2.549 bonus points.  As is apparent in the table, the bonus points for the 

homework submissions were cumulative.  

 
Table 4.56. Distribution of Total Points from Homework Submissions 

DESCRIPTIVES:  NUMBER OF QUIZZES AND THE MEAN TOTAL POINTS

TOTHW

37 .000 .000 .000 .000 .000 .00 .00

35 2.549 .681 .115 2.314 2.783 1.00 3.70

55 4.931 1.437 .194 4.542 5.319 2.00 8.20

31 8.319 1.828 .328 7.649 8.990 3.90 11.20

34 10.279 2.139 .367 9.533 11.026 5.90 15.30

33 14.697 3.580 .623 13.427 15.967 7.80 21.10

58 18.348 3.921 .515 17.317 19.379 7.90 26.70

81 22.304 3.681 .409 21.490 23.118 10.40 30.70

109 26.866 4.296 .411 26.050 27.682 14.00 36.50

473 15.332 9.924 .456 14.435 16.229 .00 36.50

.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

STATISTICAL ANALYSIS (NONPARAMETRIC ANOVA) 

Factor One-Dependent Variable One: Participation Dependent Levels and 
Exam Scores 

Pretest  

The pretest scores for the different categories of participation were 

analyzed.  The point of this analysis was to determine if prior knowledge 

variations existed among the separate groups before the implementation of the 
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research treatment. The distributions of mean scores by participation classification 

are available in Table 4.57. 

 
Table 4.57. Distribution of Pretest Scores 

DESCRIPTIVES: PRESTEST SCORES BY DS-PARTICIPATION CLASSIFICATION

PRET

26 8.769 4.102 .804 7.112 10.426 2.00 16.00

92 7.511 3.940 .411 6.695 8.327 .00 16.00

230 7.409 3.498 .231 6.954 7.863 .00 17.00

348 7.537 3.672 .197 7.150 7.924 .00 17.00

1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

Homogeneity of variance analysis was executed to determine if the 

variance between groups was significant.  As indicated in Table 4.58, the 

variation was not significant between the different classifications of groups. 

 
Table 4.58. Levine Test for Pretest Scores 

Test of Homogeneity of Variances

PRET

2.147 2 345 .118

Levene
Statistic df1 df2 Sig.

 

 

A graphical representation of the distribution of mean scores by group 

classification is presented in Figure 4.20. 
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PRETEST SCORES BY PARTICIPATION CLASSIFICATION
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Figure 4.20. Mean Pretest Scores 

 

A Kruskal-Wallis ranked scores analysis (see Appendix I) was conducted 

to determine the level of significance among the groups. Tables 4.59 and 4.60 

indicate no significant differences in the mean pretest scores exist between the 

different groups.  As a matter of fact, an examination of the mean scores (Table 

4.57) and the means ranks test analysis (Table 4.59) shows that the students in the 

non-participants’ category scored the highest mean on the pretest. From the 

ranked mean results, it was determined that no significant differences in prior 

knowledge existed between the groups before the semester began. 
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Table 4.59. Pretest Ranked Scores 

Kruskal-Wallis Ranks Test

26 205.58

92 172.63

230 171.74

348

E2TIME
1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

PRET
N Mean Rank

 
 

 
Table 4.60. Comparison of Pretest Scores 

Test Statisticsa,b

2.706

2

.258

Chi-Square

df

Asymp. Sig.

PRET

Kruskal Wallis Testa. 

Grouping Variable: E2TIMEb. 
 

 

Factor One-Dependent Variable One: Participation Dependent Levels and 
Exam Scores 

Exam One 

To determine the effect of small group interaction on the DS-participants, 

statistical analysis was performed to determine if a significant difference in exam 

scores exists between the DS-participants and non-participants.  Table 4.61 
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represents the distributions of mean exam one scores by the participants and non-

participants. 

 
Table 4.61. Distribution of Exam I Scores 

DESCRIPTIVES:  EXAM 1 SCORES BY PARTICIPATION CLASSIFICATION

EX1

142 115.141 50.771 4.261 106.718 123.564 .00 200

328 127.951 35.301 1.949 124.117 131.786 42.0 200

470 124.081 40.969 1.890 120.367 127.794 .00 200

1.00 
Non-Participants

2.00 
DS-Participants

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 

Given that students were given the option to drop one lecture exam, a 

second comparison was made by removing the numbers of students who received 

a zero on the first lecture exam from the analysis.  Table 4.62 indicates the 

distributions for the second analysis. 
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Table 4.62. Distribution of Exam I Scores (No Zeros) 

DESCRIPTIVES:  EXAM 1 (NO ZERO SCORES) BY DS-PARTICIPATION
CLASSIFICATION

EX1

128 127.734 35.221 3.113 121.57 133.895 58.00 200.00

328 127.951 35.301 1.949 124.12 131.786 42.00 200.00

456 127.890 35.240 1.650 124.65 131.133 42.00 200.00

1.00 
Non-Participants

2.00 
DS-Participants

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

There are two interesting observations concerning the results of Tables 

4.61 and 4.62. First, there appears to be no significant differences between the 

two groups, regardless of whether the exam scores included or did not include the 

students who received zeros.  To confirm the observation, a Mann-Whitney ranks 

test was performed (see Appendix I).  The results, Tables 4.63 and 4.64, indicate 

that there are, indeed, no significant differences between the mean exam scores 

between the two groups. This is not, however, a surprising result. Considering that 

students who participated in small group discussions in this study were limited to 

50-minute sessions, whereas, the students in experiment I had no limits on group 

interaction; there was no expectation that significant differences between the 

groups would be present in the first exam.  
 

 



 143

Table 4.63. Exam I Ranked Scores 

Mann-Whitney Ranks Test:  Exam 1

142 218.71 31057.00

328 242.77 79628.00

470

E1TIME
1.00  Non-Participants

2.00  DS-Participants

Total

EX1
N Mean Rank

Sum of
Ranks

 

 
Table 4.64. Comparison of Exam I Scores 

Test Statistics Results EXAM 1a

20904.000

31057.000

-1.764

.078

Mann-Whitney U

Wilcoxon W

Z

Asymp. Sig. (2-tailed)

EX1

Grouping Variable: E1TIMEa. 
 

 
 

Secondly, the results between the two comparisons, with and without 

zero scores included, clearly indicate that no DS-participant had refrained 

from taking the first exam. By comparison, 14 students from the non-

participant category received zeros. Even though there are numerous reasons 

why a student would omit an exam during the semester, it is doubtful that all 

of the zeros in exam one were a result of a personal conflict. A more 

reasonable supposition is to consider that the majority of these students 

failed to prepare, and consequently, were intimidated by the prospects of 

taking the exam. Out of interest, a cross-tabulation was performed to 
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determine the grade these students received for the course.  The results are 

displayed in Table 4.65. 

 
Table 4.65. Cross-tabulation of Exam I Scores (with Zeros) 

GRADE * EXAM I (ZERO SCORES) CROSSTABULATION

Count

3 3

3 3

1 1

6 6

1 1

14 14

dropped before Ex 3

dropped before Ex 2

CR/F or X

1.00  F

2.00  D

GRD

Total

1.00 
Non-Participants

E1TIME

Total

 

 

The parameters for the cross-tabulation were (1) only students who 

received a zero on exam one are included, (2) the results are reported by 

group classification, and (3) the students who dropped the course are 

included in the results. Therefore, the results of Table 4.65 indicate that, out 

of the 14 students who received zeros on the first exam, six dropped the 

course before exam three, one received an incomplete or pass/fail grade, one 

received a D, and the remaining six students received an F for the course. 

Exam Two 

Considering the results of exam one analysis, it is assumed that a score of 

zero has the related implications of poor performance and should be considered a 
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viable score in the analysis of subsequent exams. Nevertheless, we decided to 

include the comparisons between results with and without zero scores as a means 

to determine the outcome of those students who elected not to take the exams. 

(Unlike experiment one; the author had access to the data that included the dates 

of withdrawals and pass/fail standings of the students included in experiment 

two.) 

The distribution results for exam two scores, with and without zeros, are 

reported in Tables 4.66 and 4.67. 

 
Table 4.66. Distribution of Exam II Scores (with Zeros) 

 
 

 

 

 

DESCRIPTIVES:  EXAM 2 SCORES BY PARTICIPATION CLASSIFICATIONS

EX2

117 110.556 51.242 4.737 101.173 119.938 .00 195.0

91 117.901 51.497 5.398 107.176 128.626 .00 201.0

249 136.229 39.844 2.525 131.256 141.202 .00 201.0

457 126.007 46.756 2.187 121.708 130.305 .00 201.0

1.00 
Non-Participants

2.00  Eliminations

3.00 
DS-Participants

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max
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Table 4.67. Distribution of Exam II Scores (without Zeros) 

DESCRIPTIVES: EXAM 2 (NO ZEROS) BY PARTICIPATION CLASSIFICATIONS

EX2

103 125.583 32.871 3.239 119.158 132.007 48.00 195.00

81 132.457 32.114 3.568 125.356 139.558 67.00 201.00

241 140.751 31.643 2.038 136.736 144.766 50.00 201.00

425 135.494 32.598 1.581 132.386 138.602 48.00 201.00

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

The analysis of significance between group means was performed without 

zero scores. Utilizing the Kruskal-Wallis ranks test, the results indicate a 

significant difference between the mean of exam two scores between the three 

different groups. (Tables 4.68 and 4.69) 

 
Table 4.68. Exam II Ranked Scores (no Zeros) 

Kruskal-Wallis Ranks Test

103 176.63

81 197.73

241 233.68

425

E2TIME
1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

EX2
N Mean Rank
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Table 4.69. Comparison of Exam II Scores (no Zeros) 

Test Statisticsa,b

17.115

2

.000

Chi-Square

df

Asymp. Sig.

EX2

Kruskal Wallis Testa. 

Grouping Variable: E2TIMEb. 
 

 

From the ranked means analysis (Table 4.68), it appears that 

significance might exist between the means of all three groups. To 

determine if a significant difference was present between any two groups, 

the Tamhane multiple comparisons post hoc, and a contrast analyses were 

performed. 

The outcomes of the post hoc comparisons are presented in Tables 

4.70, 4.71, and 4.72.  The Tamhane analysis reveals a significant difference 

between the mean scores of the DS-participants and Non-Participants (p = 

.00), but there is no difference in the mean scores between the students who 

were eliminated when compared to the DS-participants or the Non-

Participants. Since there appears to be a lower probability for the 

comparison between the participants and the students who were eliminated, 

a contrast analysis was carried out in order to determine if significance 

between these groups of students had been masked by the conservativeness 

of the Tamhane test.   
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Table 4.70. Tamhane Post Hoc Results Exam II Scores (no Zeros) 

Multiple Comparisons: EXAM 2 BY PARTICIPATION CLASSIFICATION (NO ZEROS)

Dependent Variable: EX2
Tamhane

-6.874 4.757 .398 -21.212 7.463

-15.169* 3.771 .000 -26.544 -3.793

6.874 4.757 .398 -7.463 21.212

-8.294 4.114 .130 -20.568 3.980

15.169* 3.771 .000 3.793 26.544

8.294 4.114 .130 -3.980 20.568

(J) EXAM 2
Eliminations

DS-Participants

Non-Participants

DS-Participants

Non-Participants

Eliminations

(I) E2TIME
Non-Participants

Eliminations

DS-Participants

Mean
Difference

(I-J)
Std.

Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
 

 
 
 
Table 4.71. Contrast Matrix Exam II Scores (no Zeros)   

Contrast Coefficients: Exam 2 vs. Participation Classifications

0 1 -1
Contrast
1

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

E2TIME

 

 

The results of the orthogonal contrast between the DS-participants and 

eliminations (Table 4.72) indicate that a significant difference (p = .046) exists 

between these two groups, using the unequal variance assumption. The graphical 

representation of the mean results per participation category is given in Figure 

4.21. 
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Table 4.72. Contrast Results Exam II Scores (no Zeros) 

Contrast Tests:  Comparisons of Exam 2 Means by Participation Classifications

-8.294 4.114 -2.016 422 .044

-8.294 4.109 -2.018 135.906 .046

Contrast
1

1

Assume equal
variances

Does not
assume equal
variances

EX2

Value of
Contrast

Std.
Error t df

Sig.
(2-tailed)
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Figure 4.21. Mean Exam II Scores (no Zeros) 
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Table 4.73. Cross-tabulation of Grades of Exam II Zero Scores 

GRADE * PARTICIPATION CLASSIFICATIONS CROSSTABULATION

Count

4 3 2 9

9 2 4 15

3 1 4

1 1 2

1 1 2

14 10 8 32

dropped
before EX4

1.00  F

2.00  D

3.00  C

4.00  B

GRD

Total

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

E2TIME

Total

 
 
 

The data in Table 4.73 shows the grades and drops associated with the 

students who received zeros on exam two.  In this particular case, there were four 

students who did not take the exam and passed the course with a grade of C or 

better.  The remaining students either dropped or received a low grade for the 

course. 

The results of the Tamhane post hoc comparisons for mean scores with 

zero scores is seen in Table 4.74. Clearly, a significant difference is seen between 

the DS-participants when compared to both the eliminations and non-participants 

groups. 
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Table 4.74. Tamhane Post Hoc Results Exam II Scores (with zeros) 

Multiple Comparisons: EXAM 2 BY PARTICIPATION CLASSIFICATIONS

Dependent Variable: EX2
Tamhane

-7.346 6.350 .668 -28.684 13.993

-25.673* 5.092 .000 -41.632 -9.714

7.346 6.350 .668 -13.993 28.684

-18.328* 5.565 .008 -36.140 -.516

25.673* 5.092 .000 9.714 41.632

18.328* 5.565 .008 .516 36.140

(J) Groups
 Eliminations

DS-Participants

Non-Participants

DS-Participants

Non-Participants

 Eliminations

(I) Groups
Non-Participants

Eliminations

DS-Participants

Mean
Difference

(I-J)
Std.

Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
 

 

Exam Three 

The distributions for the mean exam scores for the comparisons with and 

without zero scores are presented in Tables 4.75 and 4.76. 

 
Table 4.75. Distribution of Exam III Scores (with Zeros) 

DESCRIPTIVES: EXAM 3 SCORES BY PARTICIPATION CLASSIFICATIONS

EX3

109 132.000 48.981 4.692 122.701 141.299 .00 200.00

83 133.024 40.482 4.443 124.185 141.864 .00 200.00

246 149.268 35.712 2.277 144.783 153.753 .00 200.00

438 141.893 41.054 1.962 138.037 145.748 .00 200.00

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max
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Table 4.76. Distribution of Exam III Score (without Zeros) 

DESCRIPTIVES: EXAM 3 SCORES (NO ZEROS) vs. PARTICIPATION
CLASSIFICATIONS

EX3

100 143.880 29.845 2.984 137.958 149.802 42.00 200.00

81 136.309 35.021 3.891 128.565 144.052 42.00 200.00

241 152.365 28.777 1.854 148.714 156.017 52.00 200.00

422 147.273 30.908 1.505 144.315 150.230 42.00 200.00

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

As in previous analyses, the nonparametric ranks test, Kruskal-Wallis, was 

performed on the exam three scores without zero scores. The results of Table 4.77 

indicate and mean difference in the ranked scores. Table 4.78 reports a significant 

difference exists between the three groups. 
 
 

Table 4.77. Exam III Ranked Scores (no Zeros) 

Kruskal-Wallis Ranks Test

100 194.60

81 171.02

241 232.12

422

E3TIME
1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

EX3
N Mean Rank
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Table 4.78. Comparison of Exam III Scores (no Zeros) 

Test Statisticsa,b

17.739

2

.000

Chi-Square

df

Asymp. Sig.

EX3

Kruskal Wallis Testa. 

Grouping Variable: E3TIMEb. 
 

 
 

The results of the Tamhane post hoc analysis (Table 4.79) determined a 

significant difference of p = .049 between the DS-participants and non-

participants, and a significance of p = .001 between the DS-participants and the 

eliminations.   
 
 

Table 4.79. Tamhane Post Hoc Results Exam III (no Zero Scores) 

Multiple Comparisons: EXAM 3 VS. PARTICIPATION CLASSIFICATIONS (NO
ZEROS)

Dependent Variable: EX3
Tamhane

7.571 4.532 .329 -7.040 22.183

-8.485 3.606 .049 -18.934 1.963

-7.571 4.532 .329 -22.183 7.040

-16.057* 3.893 .001 -28.965 -3.148

8.485 3.606 .049 -1.963 18.934

16.057* 3.893 .001 3.148 28.965

(J)EXAM 3
Eliminations

DS-Participants

Non-Participants

DS-Participants

Non-Participants

Eliminations

(I) E3TIME
Non-Participants

Eliminations

DS-Participants

Mean
Difference

(I-J)
Std.

Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
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A contrast analysis was conducted to compare the results of the 

eliminations group with the non-participants under less stringent conditions. The 

results reported from the contrast test, Table 4-81, suggest no significant 

differences exists in the mean scores of those students in the non-participants 

category versus those student who were eliminated from the program.  The 

conclusion drawn from these analyses implies that students who participated in 

the small group discussion sessions were generally more successful on exam three 

than the students who did not participate.  
 
 

Table 4.80. Contrast Matrix Exam III (no Zeros) 

Contrast Coefficients Results:  Exam 3 Scores

1 -1 0
Contrast
1

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

E3TIME

 
 
 

Table 4.81. Contrast Results Exam III Scores (no Zeros) 

CONTRAST TEST RESULTS: EXAM 3 SCORES

7.571 4.532 1.67 419 .096

7.571 4.904 1.54 157.706 .125

Contrast
1

1

Assume
equal
variances

Does not
assume
equal
variances

EX3

Value of
Contrast

Std.
Error t df

Sig.
(2-tailed)
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The graphical representation of the exam three results appears in Figure 

4.22.  The end of semester status of the students receiving zeros on exam three 

appear in Table 4.82. 
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Figure 4.22. Mean Exam III Scores (no Zeros) 
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Table 4.82. Cross-tabulation of Grades of Exam III Scores 

GRADE * EXAM 3 (ZERO SCORES) CROSSTABULATION

Count

1 1

9 1 4 14

1 1

9 2 5 16

pass/fail or
incomplete

1.00  F

3.00  C

GRD

Total

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

E3TIME

Total

 
 

Exam Four 

The distributions for the mean exam four scores, with and without zeros, 

are reported in Tables 4.83 and 4.84.   

The most obvious discrepancy between the results of the two tables is the 

number of students who elected not to take the last lecture exam.  There was a 

possible justification for these numbers of students who chose to abstain from 

taking exam four.   

During the last two weeks of the semester, it had become apparent that the 

students tended to be divided into two factions; those with a noticeably high level 

of apathy towards their prospective performance on the impending fourth exam, 

and those with a high level of anxiety at the prospect of the impending fourth 

exam.  An explanation for some of the perceived apathy towards the fourth exam 

might have been due to the students’ awareness that the lowest of the course 

exams would be dropped from the course grade calculation. There were, on 
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several occasions, statements made by students, particularly high performance 

students, indicating that the fourth exam was a formality and would be taken only 

for the opportunity to determine what material would be included on the final 

examination from the last few weeks of lecture. 

These observations made by the author are purely anecdotal.  It should be 

noted that the author maintained a high degree of interaction with the students in 

her role as the course graduate teaching assistant; as such she attended every 

lecture, maintained weekly office hours, acted as the leader of exam review 

sessions, and was an observer of weekly discussion sessions. 

 
Table 4.83. Distribution of Exam IV Scores (with Zeros) 

DESCRIPTIVES:  EXAM 4 BY PARTICPATION CLASSIFICATIONS

EX4

109 93.982 59.440 5.693 82.697 105.267 .00 200.00

83 91.590 54.081 5.936 79.781 103.399 .00 200.00

246 116.886 48.101 3.067 110.846 122.927 .00 194.00

438 106.393 53.490 2.556 101.369 111.416 .00 200.00

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max
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Table 4.84. Distribution of Exam IV Scores (without Zeros) 

DESCRIPTIVES: EXAM 4 SCORES (NO ZEROS) BY PARTICIPATION CLASSIFICATIONS

EX4

87 117.747 40.075 4.297 109.206 126.288 22.00 200.00

72 105.583 43.355 5.109 95.395 115.771 24.00 200.00

233 123.408 40.436 2.649 118.188 128.627 14.00 194.00

392 118.878 41.349 2.088 114.772 122.984 14.00 200.00

1.00 
Non-Participants

2.00  Eliminations

3.00 
DS-Participants

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

Before analyzing the significant differences between the mean scores of 

exam four, we decided to evaluate the students with zero scores first.  The results 

listed in Table 4.85 indicate that 17 of the 46 students, who did not take the last 

exam, passed the course with a grade of C or better.  More importantly, 27 out of 

46 received poor grades for the course.  In light of those results, it was decided to 

carry out the remainder of the analyses on the scores with and without the zeros 

for the fourth examination 
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Table 4.85. Cross-tabulation of Grades of Exam IV Zero Scores 

GRADE * PARTICIPATION  CLASSIFICATION CROSSTABULATION         
(EXAM 4)

Count

2 2

14 4 5 23

1 1 2 4

1 5 2 8

3 1 4

1 1 3 5

22 11 13 46

pass/fail or
incomplete

1.00  F

2.00  D

3.00  C

4.00  B

5.00  A

GRD

Total

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

E4TIME

Total

 
 
 

The result of the Kruskal-Wallis analysis concerning the exam mean 

scores with zeros included is reported in Tables 4.86 and 4.87. 

 
Table 4.86. Exam IV Ranked Scores (with zeros) 

Kruskal-Wallis Ranks Test

109 194.54

83 182.31

246 243.11

438

E4TIME
1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

EX4
N Mean Rank
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Table 4.87. Comparison of Exam IV Scores (with Zeros) 

Test Statisticsa,b

19.987

2

.000

Chi-Square

df

Asymp. Sig.

EX4

Kruskal Wallis Testa. 

Grouping Variable: E4TIMEb. 
 

 

The Tamhane post hoc tests for the data with zero scores are presented in 

Table 4.88. The indications are that the DS-participants mean scores are 

significantly different from the non-participants (p = .002), and the eliminations 

group (p = .001). 

 
Table 4.88. Tamhane Post Hoc Results Exam IV with Zero Scores 

Multiple Comparisons: EXAM 4 VS. PARTICIPATION CLASSIFICATIONS (WITH
ZEROS)

Dependent Variable: EX4
Tamhane

2.391 7.614 .988 -22.061 26.844

-22.905* 6.014 .002 -42.145 -3.664

-2.391 7.614 .988 -26.844 22.061

-25.296* 6.634 .001 -45.273 -5.318

22.905* 6.014 .002 3.664 42.145

25.296* 6.634 .001 5.318 45.273

(J) E4TIME
Eliminations

DS-Participants

Non-Participants

DS-Participants

Non-Participants

Eliminations

(I) E4TIME
Non-Participants

Eliminations

DS-Participants

Mean
Difference

(I-J)
Std.

Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
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The results of the statistical analysis of the non-zero data are reported in 

Tables 4.89 and 4.90.   

 
Table 4.89. Exam IV Ranked Scores (no Zeros) 

Kruskal-Wallis Ranks Test (No Zeros)

87 177.14

73 163.05

232 214.28

392

E2TIME
1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

EX3
N Mean Rank

 
 
 
Table 4.90. Comparison Exam IV Scores (no Zeros) 

Test Statistics (No Zeros) a,b

14.626

2

.001

Chi-Square

df

Asymp. Sig.

EX3

Kruskal Wallis Testa. 

Grouping Variable: E2TIMEb. 
 

 
 

The post hoc analyses for the non-zero scores are reported in Table 4.91.  

In these results, the DS-participants are significantly different (p = .007) from the 

students in the eliminations category.  

Even though there are a number of poor performance students in each of 

participation classifications in Table 4.85, the fact that largest numbers of low 

achievement students are in the non-participants classification cannot be ignored.  
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Had these students taken the exam, they would have in all probability brought the 

overall mean scores down for the non-participations category even if all students 

represented in Table 4.85 had taken exam four.  With this consideration in mind, 

we conclude that the students who participated in the small group discussion 

sessions outperformed their corresponding peers in the other participation 

classifications. 

The graphical representations of the results of exam four are presented in 

Figures 4.23 and 4.24. 
 
 

Table 4.91. Tamhane Post Hoc Results Exam IV (no Zero Scores) 

Multiple Comparisons: EXAM 4 VS. PARTICIPATION CLASSIFICATIONS (NO ZEROS)

Dependent Variable: EX4
Tamhane

12.164 6.517 .197 -7.750 32.078

-5.661 5.140 .601 -20.703 9.382

-12.164 6.517 .197 -32.078 7.750

-17.824* 5.516 .007 -35.081 -.567

5.661 5.140 .601 -9.382 20.703

17.824* 5.516 .007 .567 35.081

(J) E4TIME
Eliminations

DS-Participants

Non-Participants

DS-Participants

Non-Participants

Eliminations

(I) E4TIME
Non-Participants

Eliminations

DS-Participants

Mean
Difference

(I-J)
Std.

Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
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Figure 4.23. Mean Exam IV Scores (with Zeros) 
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Figure 4.24. Mean Exam IV Scores (no Zeros) 
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STATISTICAL ANALYSIS (REPEATED MEASURES ANALYSIS) 

The final analysis completed for the comparisons between participation 

classifications and lecture exams was the repeated measures test (see page 103).  

This statistical analysis measures the difference between means on the four exams 

within each subject in a specific group classification.  In other words, the four 

different exams are treated as the same exam taken by each subject under four 

different conditions.   

The distribution of the four exam means for each classification of groups 

is presented in Table 4.92.  Only those subjects who received a course grade were 

included in this analysis, which removed the students who withdrew from the 

course from this analysis. 

 
Table 4.92. Descriptives Repeated Measures 

DESCRIPTIVES: LECTURE EXAMS BY PARTICIPATION

121.029 47.779 105

127.284 35.491 81

130.963 34.347 243

127.837 38.395 429

114.495 48.935 105

122.000 48.301 81

137.728 38.247 243

129.072 44.150 429

131.848 49.721 105

134.765 38.140 81

149.276 35.919 243

142.270 40.832 429

95.638 59.120 105

91.309 54.711 81

117.300 48.123 243

107.091 53.448 429

Participation
1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

Total

EX1

EX2

EX3

EX4

Mean SD N
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Table 4.93. Repeated Measures Results 

Tests of Between-Subjects Effects: Lecture Exams by Participation Classifications

Measure: MEASURE_1
Transformed Variable: Average

20893054.209 1 20893054.209 4232.715 .000 .909 1.000

119557.853 2 59778.927 12.111 .000 .054 .977

2102773.305 426 4936.088

Source
Intercept

E4TIME

Error

Type III Sum
of Squares df Mean Square F Sig.

Eta
Squared

Observed
Powera

Computed using alpha = .01a. 
 

 
 
Table 4.94. Tamhane Post Hoc Analysis of Repeated Measures 

Multiple Comparisons: Lecture Exams by Participation Classificatins

Measure: MEASURE_1
Tamhane

-3.087 5.195 .927 -19.732 13.558

-18.064* 4.103 .000 -31.920 -4.209

3.087 5.195 .927 -13.558 19.732

-14.977* 4.507 .002 -27.680 -2.275

18.064* 4.103 .000 4.209 31.920

14.977* 4.507 .002 2.275 27.680

(J) E4TIME
2.00  Eliminations

3.00  DS-Participants

1.00  Non-Participants

3.00  DS-Participants

1.00  Non-Participants

2.00  Eliminations

(I) E4TIME
1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

Mean
Difference

(I-J) SD Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

Based on observed means.
The mean difference is significant at the .01 level.*. 
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The magnitudes of change of the mean differences between groups for the 

four exams are significant (p = .000), as reported in Table 4.93.  The observed 

power term in Table 4.93 that is defined as the probability of detecting a 

significant finding when a significant difference exists. The information in Table 

4.93 indicates the probability of determining a significant finding in the 

measurements between exam scores for the separate groups is 97.7%. The large 

percentage is directly related to the size of the samples in each group, i.e., the 

larger the samples, the greater the chance to determine a significance if it exists. 

The estimated mean differences, between exams one to four, are indicated 

for each participation classification in post hoc results in Table 4.94.  The 

negative mean score indicates that the average score (estimated from the variation 

in scores between the four different exams) for that particular group was lower by 

the designated number of points than the comparison group.  From the data in 

Table 4.94, it could be argued that the zero exam scores that were incorporated in 

the analysis could explain the sizable point differences between the group 

comparisons. However, when consideration is given to the numbers of low 

performance subjects responsible for the zero scores18, the zeros were deemed as 

valid results for inclusion in the analysis. 

The data of the post hoc analysis in Table 4.94, it indicates that the DS-

participants had an overall higher mean point value increase between exams when 

                                                 
18 The course performances of students responsible for zero scores in lecture exams were 
determined in the following manner.  The number of individuals, per classification, receiving a D 
or F course grade out of the number of total zeros accumulated from the lecture exams equals 
40/46 for the Non-Participants, 11/21 for the Eliminations, and 16/24 for the DS-participants.  
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compared to the Non-Participants and Eliminations groups. The significant 

differences at a probability of .01 are p = .002 and p = .000 respectively. 

Figure 4.25 is a graphical representation of the repeated measures analysis. 
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Figure 4.25. Estimated Means of Repeated Measures 

Factor One-Dependent Variable Two: Participation Dependent Levels and 
Course Grades 

The final achievement analysis was conducted on the course grades earned 

by the students in the second study.  Those students who received an incomplete 

or pass/fail grade are not included in the analyses. 

The distribution of mean course grades for each category of participation 

is presented in Table 4.95.  The numbers of grades per participation categories are 
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available in the cross-tabulation analysis, the results of which, appears in Table 

4.96. 

 
Table 4.95. Distributions of Grades 

DESCRIPTIVES: COURSE GRADES BY PARTICIPATION CLASSIFICATIONS

GRD

105 2.714 1.357 .132 2.452 2.977 1.00 5.00

81 2.778 1.235 .137 2.505 3.051 1.00 5.00

243 3.387 1.339 8.6E-02 3.218 3.556 1.00 5.00

429 3.107 1.360 6.6E-02 2.978 3.236 1.00 5.00

1.00 
Non-Participants

2.00 
Eliminations

3.00 
DS-Participants

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 
 

Table 4.96. Cross-tabulation of Grades by Participation Classifications 

PARTICIPATION * GRADE CROSSTABULATION

Count

29 17 25 23 11 105

15 18 27 12 9 81

32 27 64 55 65 243

76 62 116 90 85 429

1.00  Non-Participants

2.00  Eliminations

3.00  DS-Participants

E4TIME

Total

1.00  F 2.00  D 3.00  C 4.00  B 5.00  A

GRD

Total
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The results obtained from the cross-tabulation analysis reveals that the 

numbers of failures are approximately the same for the non-participants and DS-

participants, but about 40% more D grades were earned by the DS-participants.  

On the other hand, the numbers of passing grades (C or better) received by the 

DS-participants were unmistakably in the majority.  Taking into consideration 

that the number of students who were, in effect, not participating in the program 

from the time following exam one, the results are noteworthy.  

Tables 4.97 contain the results for the test of homogeneity of variances. 

Since the variance among the different groups is not significant, an ANOVA was 

conducted to test the significant differences between groups. The outcome 

reported in Table 4.98 indicates a significant difference (p = .000) between the 

three groups of students. 

 
Table 4.97. Levine Test of Course Grades 

Test of Homogeneity of Variances

GRD

1.612 2 426 .201

Levene
Statistic df1 df2 Sig.

 

 

 

 
 



 170

Table 4.98. ANOVA Results for Course Grades 

ANOVA:  Course Grades by Participation Classification

GRD

44.001 2 22.001 12.545 .000

747.066 426 1.754

791.068 428

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.

 

 

The evidence of a significant difference between the DS-participants, the 

eliminations, and the non-participants using the Tamhane post hoc analysis 

appears in Table 4.99.  The minimum level of significant difference that exists 

between the DS-participants and each of the other group categories is p = .001. 

The graphical interpretation of the analysis is presented in Figure 4.26. 

 
Table 4.99. Tamhane Post Hoc Results for Course Grades 

Multiple Comparisons: COURSE GRADE BY PARTICIPATION CLASSIFICATIONS

Dependent Variable: GRD
Tamhane

-.063 .196 .982 -.631 .504

-.673* .155 .000 -1.141 -.204

.063 .196 .982 -.504 .631

-.609* .170 .001 -1.092 -.126

.673* .155 .000 .204 1.141

.609* .170 .001 .126 1.092

(J) E4TIME
Eliminations

DS-Participants

Non-Participants

DS-Participants

Non-Participants

Eliminations

(I) E4TIME
Non-Participants

Eliminations

DS-Participants

Mean
Differen
ce (I-J)

Std.
Error Sig.

Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
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COURSE GRADE BY PARTICIPATION CLASSIFICATIONS

EXPERIMENT 2

PARTICIPATION CLASSIFICATIONS
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Figure 4.26. Mean of Course Grades 

Factor Two-Dependent Variable One: Discussion Session Sections and 
Lecture Examinations 

To determine if a significant achievement effect could be correlated to a 

particular section or sections in which a DS-participants attended, a statistical 

comparison between the lecture examinations and discussion session sections 

were performed.  Subsequent to the analyses, there were no apparent significant 

differences in the exam means when compared to the eleven different discussion 

sections.  The evidence to support the conclusions is presented in the following 

charts and graphs. 
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Exam One 

The distribution of mean exam scores for each discussion session section 

is reported in Table 4.100.  The result of the ranks test, Table 4.102, indicates no 

significant differences between the mean exam scores and the sections in which 

the DS-participants attended. A graphical representation is shown in Figure 4.27. 

 
Table 4.100. Distribution of Exam I Scores by DS-Section 

DESCRIPTIVES:  EXAM 1 BY DS SECTIONS

EX1

21 149.619 22.544 4.920 139.357 159.881 114.00 190.00

21 131.905 33.205 7.246 116.790 147.020 80.00 196.00

28 127.214 39.957 7.551 111.721 142.708 68.00 200.00

15 132.800 31.927 8.243 115.120 150.480 74.00 186.00

53 121.245 34.028 4.674 111.866 130.624 .00 184.00

57 129.018 39.050 5.172 118.656 139.379 52.00 196.00

37 125.892 29.601 4.866 116.022 135.761 78.00 190.00

20 128.500 40.590 9.076 109.503 147.497 56.00 200.00

49 125.755 37.179 5.311 115.076 136.434 42.00 200.00

11 129.818 40.875 12.324 102.358 157.278 50.00 182.00

16 125.500 37.951 9.488 105.277 145.723 70.00 196.00

328 128.268 35.676 1.970 124.393 132.144 .00 200.00

1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max
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Table 4.101. Exam I Ranked Scores by Section 

Kruskal-Wallis Ranks Test

21 224.19

21 172.36

28 158.29

15 177.53

53 148.04

57 166.26

37 154.66

20 166.52

49 159.03

11 172.86

16 153.97

328

DS SECTION
1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

EX1
N Mean Rank

 
 

 
Table 4.102. Comparison of Exam I Scores by Section 

Test Statisticsa,b

11.342

10

.331

Chi-Square

df

Asymp. Sig.

EX1

Kruskal Wallis Testa. 

Grouping Variable: SECTNOb. 
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EXAM 1 BY DS SECTIONS

EXPERIMENT 2

DISCUSSION SECTIONS
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Figure 4.27. Mean Exam I Scores by DS-Sections 
 

A visual representation of these results appears in Figure 4.27 and 

suggests that the distribution of prior student achievement by section might not 

have been homogeneous. Therefore, an analysis was performed to determine the 

average pretest scores per discussion section. 

The ranks test and results, Table 4.103 and 4.104, indicate that a marginal 

significant difference of p = .091 exists between pretest scores in the discussion 

sections. The Tamhane post hoc analysis (the printout was enormous and, 

therefore, not included as a Table) revealed a significant difference (p = .022) 

between sections G and J, and a marginal significant difference (p = .052) 

between sections J and C.  Since neither of these comparisons accounts for the 

apparent large discrepancy in the mean scores between section A and the 
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remaining sections, it is assumed that subjects attending section A had a more 

beneficial group discussion experience. 

   
Table 4.103. Pretest Ranked Scores 

Kruskal-Wallis Ranks Test

19 179.32

20 148.77

27 131.85

15 161.03

46 140.13

54 160.94

35 123.90

20 134.38

41 154.15

11 219.82

12 157.79

300

SECTNO
1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

PRET
N Mean Rank

 

 
Table 4.104. Comparison of Pretest Scores by Sections 

Test Statistics a,b

16.302

10

.091

Chi-Square

df

Asymp. Sig.

PRET

Kruskal Wallis Testa. 

Grouping Variable: SECTNOb. 
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PRETEST MEANS BY DS SECTIONS

EXPERIMENT 2

DS SECTIONS
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Figure 4.28. Pretest Means for Each DS Section 

Exam Two 

The distribution of mean exam scores per DS-section is reported in Table 

4.105, and Figure 4.29.  Although the overall differences between the mean scores 

of the different sections were not significant, Table 4.107, the lowest exam means 

occurred in sections C and K.  However, a Tamhane post hoc analysis (the output 

was too large to include as a table) did not indicate a significant difference 

between any paired comparisons between the sections.  It is concluded, therefore, 

that there was no advantage for achievement on exam two in reference to the 

sections in which the DS-participants attended. 
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Table 4.105. Distribution of Exam II Scores by DS-Sections 

DESCRIPTIVES: EXAM 2 BY DS SECTIONS

EX2

21 135.429 50.595 11.041 112.398 158.459 .00 185.00

21 139.524 24.451 5.336 128.394 150.654 103.00 191.00

28 116.286 59.403 11.226 93.252 139.320 .00 201.00

14 144.000 34.603 9.248 124.021 163.979 93.00 190.00

51 121.961 45.888 6.426 109.055 134.867 .00 190.00

57 130.632 39.722 5.261 120.092 141.171 .00 201.00

37 136.541 41.301 6.790 122.770 150.311 .00 191.00

20 140.000 31.339 7.008 125.333 154.667 72.00 195.00

47 142.489 35.012 5.107 132.210 152.769 50.00 201.00

11 141.909 34.645 10.446 118.634 165.184 73.00 179.00

14 117.000 59.574 15.922 82.603 151.397 .00 185.00

321 132.274 42.912 2.395 127.562 136.986 .00 201.00

1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 
Table 4.106. Exam II Ranks Test Results  

Kruskal-Wallis Ranks Test

21 180.48

21 165.38

28 139.43

14 184.50

51 136.83

57 151.65

37 170.62

20 170.85

47 181.33

11 184.36

14 144.86

321

SECTNO
1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

EX2
N Mean Rank
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Table 4.107. Comparison of Exam II Scores by Sections 

Test Statisticsa,b

11.421

10

.326

Chi-Square

df

Asymp. Sig.

EX2

Kruskal Wallis Testa. 

Grouping Variable: SECTNOb. 
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Figure 4.29. Mean Exam II Scores by DS-Sections 
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Exam Three 

The results reported in Tables 4.108 through 4.110 suggest no significant 

differences between the mean scores of the sections in which the DS-participants 

attended. A graphical representation of the distribution of scores is shown in 

Figure 4.30. 

 
Table 4.108. Distribution of Exam III Scores by DS-Sections 

DESCRIPTIVES: EXAM 3 BY DS SECTIONS

EX3

21 149.381 27.780 6.062 136.735 162.026 99.00 194.0

21 154.048 30.212 6.593 140.295 167.800 70.00 184.0

28 140.071 39.939 7.548 124.585 155.558 .00 183.0

13 155.308 20.495 5.684 142.922 167.693 110.00 189.0

47 139.851 39.399 5.747 128.283 151.419 .00 190.0

54 136.648 46.015 6.262 124.089 149.208 .00 194.0

37 148.162 38.928 6.400 135.183 161.141 .00 200.0

20 146.650 38.786 8.673 128.498 164.802 .00 178.0

46 154.870 26.291 3.876 147.062 162.677 92.00 200.0

11 141.273 32.416 9.774 119.495 163.050 74.00 176.0

12 127.083 66.804 19.28 84.638 169.529 .00 200.0

310 144.784 38.472 2.185 140.484 149.083 .00 200.0

1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max
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Table 4.109. Exam III Ranked Scores by Section 

Kruskal-Wallis Ranks Test

21 157.17

21 179.55

28 142.82

13 170.69

47 140.24

54 141.97

37 164.86

20 161.40

46 173.91

11 139.09

12 150.00

310

SECTNO
1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

EX3
N Mean Rank

 

 
 
Table 4.110. Comparison of Exam III Scores by Sections 

Test Statisticsa,b

7.895

10

.639

Chi-Square

df

Asymp. Sig.

EX3

Kruskal Wallis Testa. 

Grouping Variable: SECTNOb. 
 

 
 
 
 
 
 
 
 



 181

EXAM 3 BY DS SECTIONS
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Figure 4.30. Mean of Exam III Scores by DS-Sections 

Exam Four 

The distributions of the mean scores of exam four per DS-section are 

reported in Tables 4.111, 4.112, and Figure 4.31.  No significant differences are 

apparent in the analyses given in Table 4.113 or the Tamhane post hoc analysis.  

Hence, it is concluded that there was no benefit, for achievement on exam four, 

from small group discussion in any particular section as compared to the others. 
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Table 4.111. Distribution of Exam IV Scores by DS-Sections 

DESCRIPTIVES: EXAM 4 BY DS SECTIONS

EX4

21 117.905 43.788 9.555 97.973 137.837 .00 200.0

21 126.190 47.307 10.323 104.657 147.724 .00 192.0

28 110.500 42.859 8.100 93.881 127.119 30.00 174.0

13 106.000 50.013 13.871 75.777 136.223 .00 174.0

47 98.340 44.089 6.431 85.395 111.286 .00 184.0

54 108.630 54.304 7.390 93.807 123.452 .00 194.0

37 107.027 57.926 9.523 87.713 126.341 .00 192.0

20 118.200 50.994 11.403 94.334 142.066 .00 192.0

46 119.870 46.681 6.883 106.007 133.732 .00 200.0

11 124.545 50.312 15.170 90.746 158.345 50.00 184.0

12 101.667 67.252 19.414 58.937 144.396 .00 184.0

310 111.335 50.050 2.843 105.742 116.929 .00 200.0

1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 
Table 4.112. Exam IV Ranked Scores by DS-Sections 

Kruskal-Wallis Ranks Test

21 165.00

21 183.10

28 150.25

13 143.73

47 128.89

54 152.50

37 151.62

20 171.68

46 168.92

11 176.91

12 147.21

310

SECT
1.00  Section A

2.00  Section B

3.00  Section C

4.00  Section D

5.00  Section E

6.00  Section F

7.00  Section G

8.00  Section H

9.00  Section I

10.00  Section J

11.00  Section K

Total

EX4
N

Mean
Rank
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Table 4.113. Comparison of Exam IV Scores by Sections 

Test Statisticsa,b

9.236

10

.510

Chi-Square

df

Asymp. Sig.

EX4

Kruskal Wallis Testa. 

Grouping Variable: SECTNOb. 
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Figure 4.31. Exam IV Means by DS-Sections 
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Discussion Session Sections and Course Withdrawals 

At different times during the semester, 35 students withdrew from the 

course.  As a means of determining the extent of withdrawals by DS-participants, 

a cross-tabulation analysis was performed. The cross-tabulation was designed to 

assign the numbers of students who withdrew before an upcoming lecture exam 

(coded by date of withdrawal) to the sections they attended, provided they were 

DS-participants.  If the students did not attend a discussion section, the results 

were reported as non-participants.  The outcome of the cross-tabulation is 

presented in Table 4.114.   

Interestingly, the DS-participants who chose to withdraw from the course 

came from six of the eleven sections.  However, the numbers of withdrawals from 

any one section are not alarming. 

 
Table 4.114. Cross-tabulation Withdrawals from DS-Sections 

SECT * WITHDRAWAL CROSSTABULATION

Count

6 8 14

2 2

1 1 2

2 4 6

1 3 4

2 1 3

2 2 4

3 13 19 35

non-part

A

D

E

F

I

K

SECT

Total

before
exam 1

before
exam 2

before
exam 3

withdrawal

Total
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Factor Three-Dependent Variable One: Homework and Exam Achievement 

Before each lecture exam, two fairly lengthy homework assignments were 

provided to assist students in their efforts toward understanding the course 

content.  Realizing the necessity of an incentive, as experience surely dictated, the 

professor offered a maximum of 30 bonus points for the correct homework 

solutions submitted, which were added to the student’s total points at the end of 

the semester.   

To ascertain the effects of homework compliance with the degree of 

achievement accomplished by the students in the course, a correlation analysis 

was conducted on the number of homeworks attempted, as well as, the total 

number of points awarded, as related to the final course grades.   

The association between homework attempts and the grade distributions 

were analyzed as a broad-spectrum method of linking the degree of effort given 

by the students to the final grade distribution. It was reasoned that a certain 

number of students existed who would not have the capacity to reach excellence 

in the course, but nevertheless, would religiously attend lectures and attempt all 

suggested assignments, even though they were unable to completely assimilate 

the course information. On the other hand, a certain number of students who 

would give little effort in terms of attending lectures or attempting suggested 

assignments. It was therefore assumed that the students, who submitted the most 

homework irrespective of bonus points amassed, had given the most effort for 

achievement in the course. The outcome, as indicated in Figure 4.32, clearly 

indicates a strong relationship between the numbers of homeworks attempted with 
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the grades that were earned. The results of the correlation analysis between 

number of homeworks attempted and the grade distribution, Table 4.115, shows a 

strong correlation (.591) at a significance level of .01. 
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Figure 4.32. Mean Number of Homework Submitted by Course Grades 
 
 
Table 4.115. Correlation of Number of Homework by Grades 

Correlations

1.000 .591**

. .000

429 429

.591** 1.000

.000 .

429 429

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

NO. HW

GRD

NO. HW GRD

Correlation is significant at the 0.01 level
( il d)

**. 
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The second correlation compares the relationship of course grade and the 

number of points received from the homework submissions.  Here, as shown in 

Figure 4.33, the association is even stronger.  Table 4.116 presents the results of 

the correlation analysis as significant at the probability level of .01. 
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Figure 4.33. Mean Homework Points by Course Grades 
 
 

Table 4.116. Correlation of Homework Points by Course Grade 

Correlations

1.000 .690**

. .000

429 429

.690** 1.000

.000 .

429 429

Pearson Correlation

Sig. (2-tailed)

N

Pearson Correlation

Sig. (2-tailed)

N

GRD

TOT HW PTS.

GRD TOT PTS

Correlation is significant at the 0.01 level (2-tailed).**. 
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Factor One-Dependent Variable Three: Participation and Homework 

As the results of the analyses clearly indicate, the course homework 

assignments are an important factor in determining the level of achievement 

attained by the students in the study.  The question of whether small group 

discussions contributed to the efforts and the resulting accomplishments of the 

DS-participants was resolved through the analysis of variance between 

homework, total number attempted and total number of points received, and the 

students’ classifications of participation, non-participants, eliminations, and DS-

Participants. 

Figure 4.34 represents the mean number of homeworks submitted by the 

subjects of each participation classification.  Since the distribution shown in 

Figure 4.34 is noticeably divergent, only the post hoc results of significant 

differences between classification groups are given in Table 4.117.  The number 

of homeworks attempted by the DS-participants was significantly different from 

the comparisons to either group by p = .000, at a probability level of .01. 

A cross-tabulation analysis was completed to determine the actual 

distribution of homework submitted by each group classification.  From the 

results of the cross-tabulation, Table 4.118, we estimate 37% of non-participants, 

42% eliminations, and 71% of DS-participants who turned six or more homework 

assignments. Evidently, the small group discussions contributed to the 

achievement effort (time on task outside of discussion) given by the participants.  
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Figure 4.34. Mean Number of Homework Submitted by Participation 

 
Table 4.117. Tamhane Post Hoc Results of Homework Attempts   

Multiple Comparisons: Homework Attempts by Participation

Dependent Variable: NOHWTOT
Tamhane

-.5369 .3684 .419 -1.6828 .6091

-2.0883* .2909 .000 -3.0297 -1.1469

.5369 .3684 .419 -.6091 1.6828

-1.5514* .3196 .000 -2.4675 -.6354

2.0883* .2909 .000 1.1469 3.0297

1.5514* .3196 .000 .6354 2.4675

(J) Participation
 Eliminations

DS-Participants

 Non-Participants

DS-Participants

 Non-Participants

 Eliminations

(I) Participation
Non-Participants

 Eliminations

 DS-Participants

Mean
Difference

(I-J)
Std.

Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
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Table 4.118. Cross-tabulation of Homework Submissions 

Number of HW * DS-Participation Crosstabulation

Count

18 2 8 28

12 8 11 31

11 14 15 40

9 8 10 27

7 10 8 25

9 5 19 33

11 13 33 57

15 12 54 81

13 9 85 107

105 81 243 429

.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

Number
of HW
submitted

Total

Non-Participants Eliminations DS-Participants

Participation Classification

Total

 

 

The analyses of homework bonus points were conducted in the same 

manner as the number of homework submissions.  The results are reported by the 

distributions shown in Figure 4.35, and post hoc analysis in Table 4.119.  

Examination of the information given in both outcomes reveals a substantial 

significant difference in the mean bonus points earned by the DS-participants as 

compared to either the non-participants or eliminations groups. 
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Number of Homework Points by Participation
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Figure 4.35. Mean Total Homework Points by Participation Classifications 

 
Table 4.119. Tamhane Post Hoc Results of Total Homework Points 

Multiple Comparisons: Number of HW Points by Participation

Dependent Variable: TOTHW
Tamhane

-2.255 1.360 .283 -6.370 1.861

-7.572* 1.074 .000 -10.896 -4.248

2.255 1.360 .283 -1.861 6.370

-5.318* 1.180 .000 -8.761 -1.874

7.572* 1.074 .000 4.248 10.896

5.318* 1.180 .000 1.874 8.761

(J) Participation
 Eliminations

 DS-Participants

Non-Participants

 DS-Participants

Non-Participants

 Eliminations

(I) Participation
 Non-Participants

 Eliminations

DS-Participants

Mean
Difference

(I-J)
Std.

Error Sig.
Lower
Bound

Upper
Bound

99% Confidence
Interval

The mean difference is significant at the .01 level.*. 
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Figures 4.36 and 4.37 summarize the comparisons between the different 

groups of participation classifications.   
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Figure 4.36. Mean HW Points by Course Grades per Group Classification 
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Total Homework Points by Course Grade
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Figure 4.37. Mean HW Points and Submissions by DS Classifications 

 

Table 4.120 indicates the results of a cross-tabulation between total points, 

grade, and participation classifications. 
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Table 4.120. Cross-tabulation: HW Points, Grades, and Participation  

GRADE * HWPTS* PARTICIPATION Crosstabulation

Count

23 4 1 1 29

8 5 4 17

5 7 5 5 3 25

2 6 2 2 7 3 22

1 2 7 1 11

39 22 7 12 13 10 1 104

11 3 1 15

6 5 3 3 1 18

3 7 6 6 4 1 27

1 1 5 3 2 12

1 1 4 2 8

20 16 11 16 11 4 2 80

19 4 3 2 3 1 32

9 7 4 2 3 2 27

5 4 6 18 24 7 64

4 2 19 13 13 4 55

1 4 8 17 27 8 65

33 20 19 49 60 50 12 243

1.00  F

2.00  D

3.00  C

4.00  B

5.00  A

GRADE

Total

1.00  F

2.00  D

3.00  C

4.00  B

5.00  A

GRADE

Total

1.00  F

2.00  D

3.00  C

4.00  B

5.00  A

GRADE

Total

E4TIME
Non-Participants

Eliminations

DS-Participants

0-5
pts

 6-10
pts

 11-15
pts

16-20
pts

21-25
pts

26-30
pts

31-36
pts

HOMEWORK POINTS ACCUMULATED

Tot

 

 

Factor Two-Dependent Variable 3: Discussion Sections and Homework 
Points 

The last consideration for analysis is the discussion sections and number 

of points accumulated by DS-participants.  The distribution of points per section 

is reported in Table 4.121.  
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Table 4.121. Distribution of HW Points by DS-Sections 

Descriptives:  Homework Points by Discussion Section

TOTHW

21 20.471 7.643 1.668 16.993 23.950 3.30 29.50

21 19.867 6.857 1.496 16.745 22.988 5.30 29.30

28 15.771 9.355 1.768 12.144 19.399 .00 35.90

12 18.967 8.905 2.571 13.309 24.625 3.60 29.20

46 14.893 8.842 1.304 12.268 17.519 .00 29.20

53 18.000 9.215 1.266 15.460 20.540 .00 33.50

36 18.394 10.358 1.726 14.890 21.899 .00 34.40

20 20.575 8.320 1.861 16.681 24.469 2.60 31.40

46 18.935 9.588 1.414 16.088 21.782 .00 36.50

11 21.782 10.515 3.170 14.718 28.846 4.00 32.60

12 14.592 10.725 3.096 7.778 21.406 3.30 30.70

306 18.022 9.255 .529 16.981 19.063 .00 36.50

Section A

Section B

Section C

Section D

Section E

Section F

Section G

Section H

Section I

Section J

Section K

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 

 

To determine if the number of points the students received was dependent 

upon the section in which they attended, an ANOVA is performed and the results 

appear in Table 4.122.  The results illustrate no significant difference (p = .136) 

between the number of points accumulated and the section in which a student 

attended.  The distribution of means per section is available graphically in Figure 

4.38. 
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Table 4.122. ANOVA Results HW Points by DS-Sections 

ANOVA: Homework Points by Discussion Section

TOTHW

1270.621 10 127.062 1.508 .136

24855.608 295 84.256

26126.229 305

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.
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Figure 4.38. Mean of HW Points for DS-Sections 

 ACHIEVEMENT ANALYSIS 

The analysis between participation classifications and exam scores 

indicate that students who participated in the small group discussion sessions had 

achieved higher scores for the four lecture examinations.  The results from the 
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analysis of the grades achieved by DS-participants suggested that the small group 

discussion sessions were beneficial to the achievement level that was attained in 

the course for those students who participated in the small group sessions. 

 Figure 4.39 represents course grades broken down by the percentage of 

students in the three categories of participation.   
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Figure 4.39. Grade by Participation Classification 
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EXPERIMENT THREE 

Statistical analyses were utilized to quantify the difference between 

achievement between the pretest and posttest (the dependent variable) and the two 

groups of students who were classified as either attending a tutor-directed session 

or facilitator-directed session.  

The Sample Population Distributions 

Distribution of Discussion Sessions Classifications 

The information shown in Table 4.123 is the numbers of students in each 

group category at the close of the semester.  There were 117 students who 

participated in the discussion session program, and, as indicated in the cumulative 

percent column, this represents 93.6 % of the CH304K class.  As shown in Table 

4.123, 51 students attended the discussion sections with pTAs who directed the 

sessions as facilitators, 58 students attended the discussion sections with pTAs 

who directed the sessions as tutors.  It should be noted that the students labeled 

“independent” attended discussion sessions, however, they were not included in 

the final pretest/posttest analysis.  The primary reason for this decision was that 

the “independent” students were added to their section following the twelfth class 

day and did not take the pretest. The non-participants were students who either 

did not elect to sign up for the discussion session’s program or withdrew from the 

program within the first three weeks. 

Figure 4.40 is a graphical representation of the distribution of students 

according to their group classifications. 
 
 



 199

Table 4.123. Categorization of Students Registered for CH304K  

DISTRIBUTION OF GROUP CLASSIFICATIONS

51 40.8 40.8 40.8

58 46.4 46.4 87.2

8 6.4 6.4 93.6

8 6.4 6.4 100.0

125 100.0 100.0

Facilitator

Tutor

Independent

Non-participant

Total

Valid

Number of
Students Percent

Valid
Percent

Cumulative
Percent
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Figure 4.40. Classification of CH 304K Students  
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Distribution of Discussion Sessions Classifications By Sections 
 

The data shown in Table 4.124 represents the distribution of students in 

each of the group classifications.  As indicated in Table 4.124, Sections A, C, E, 

and G were directed by pTAs that had been trained as facilitators and Sections B, 

D, F, and G were directed by the pTAs that had been trained as tutors.  Section I 

was an independent section that was directed by a pTA who attended the tutor 

training sessions. Four of the eight non-participants (Table 4.121) had withdrawn 

from the sections indicated in Table 4.124 within the first three weeks following 

the beginning of classes. 
 
 

Table 4.124. Distribution of DS Classifications 

SECTIONS * GROUP CLASSIFICTIONS CROSSTABULATION

Count

8 8

16 16

14 1 15

17 2 19

16 16

10 10

13 13

15 15

8 1 9

51 58 8 4 121

Sect A

Sect B

Sect C

Sect D

Sect E

Sect F

Sect G

Sect H

Sect I

SECT

Total

Facilitator Tutor
 

Independent
Non-par
ticipant

GROUP CLASSIFICATIONS

Total
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Distribution of Pretest/Posttest Classifications 

The purpose of this study was to determine if students attending 

discussion sessions directed by facilitators would attain higher achievement, as 

assessed by a pretest at the beginning of the semester and a posttest at the end of 

the semester, than those students who attended discussion sessions directed by 

tutors.  Therefore, only the students who complied with taking both tests were 

included in the final analysis.  The distributions of the numbers of students in 

each category in the study are shown in Table 4.125. 

 
Table 4.125. Distributions of Students in Study 

DISTRIBUTION OF DS GROUPS

36 46.2 46.2 46.2

42 53.8 53.8 100.0

78 100.0 100.0

Facilitator

Tutor

Total

Valid

Number of
Students Percent

Valid
Percent

Cumulative
Percent

 
 
 

The graphical representation of the numbers of students in each DS 

category is shown in Figure 4.41. 
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Distribution of DS Classifications
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Figure 4.41. Classification of Students in DS 

STATISTICAL ANALYSIS (ANOVA) 

Pretest 

An analysis of variance was performed on the pretest scores of the two 

group classifications of students included in the study.  The results shown in 

Table 4.126 indicate the mean pretest scores for each group category.  The 

standard deviation, as shown in column three, is very similar in value, indicating 

there is equal variance in both groups.  The homogeneity test of variance, Table 

4.127, confirms that equal variance exists among the groups (p = .446 at a 

probability of .05); therefore, the analysis of variance (for parametric data) was 

chosen for the analysis of significant differences between the groups. 
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Table 4.126. Mean Pretest Scores for Facilitator vs. Tutor Directed Sessions 

DESCRIPTIVES: PRETEST MEANS FOR DS CLASSIFICATIONS

PRET

36 5.306 2.692 .449 4.395 6.216 2.00 13.0

42 6.119 2.915 .450 5.211 7.027 1.00 12.0

78 5.744 2.826 .320 5.106 6.381 1.00 13.0

Facilitator

Tutor

Total

N Mean SD
Std.

Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

Table 4.127. The Levene Test (Pretest) 

Test of Homogeneity of Variances

PRET

.587 1 76 .446

Levene
Statistic df1 df2 Sig.

 
 
 

The results of the ANOVA, Table 4.128, indicate that no significant 

difference (p = .207) exists between the pretest scores of the two groups. 

 
Table 4.128. ANOVA: Pretest Scores by DS Groups 

ANOVA: PRETEST SCORES FOR DS GROUPS

PRET

12.828 1 12.828 1.619 .207

602.044 76 7.922

614.872 77

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.
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Posttest 

The distributions of mean scores for both groups are shown in Table 

4.126.  As indicated in Table 4.125, the standard deviation of each group is 

similar in value to the other. The Levene test for homogeneity of variance, Table 

4.129, confirms that the variance is equal (p = .577 at a probability of .05)  among 

the groups, therefore, the ANOVA (for parametric data) was selected to determine 

if a significant difference exists between the mean posttest scores of the two 

groups. 

 
Table 4.129. Distribution of Posttest Mean Scores for DS Classifications 

DESCRIPTIVES: POSTTEST MEANS FOR DS CLASSIFICATIONS

POSTT

36 8.639 3.365 .561 7.500 9.777 2.00 14.00

42 8.929 3.685 .569 7.780 10.077 2.00 16.00

78 8.795 3.521 .399 8.001 9.589 2.00 16.00

Facilitator

Tutor

Total

N Mean SD Std. Error
Lower
Bound

Upper
Bound

95% Confidence
Interval for Mean

Min Max

 
 
 

Table 4.130. The Levene Test (Posttest) 

Test of Homogeneity of Variances

POSTT

.313 1 76 .577

Levene
Statistic df1 df2 Sig.
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The result of the ANOVA, Table 4.131, shows no significant difference (p 

= .720) exists between the mean posttest scores of the two group categories.  A 

graphical representation of a comparison between pretest and posttest mean scores 

for both groups is shown in Figure 4.42. 
 

Table 4.131. ANOVA: Posttest Scores by DS Groups 

ANOVA: POSTTEST SCORES FOR DS GROUPS

POSTT

1.627 1 1.627 .130 .720

953.091 76 12.541

954.718 77

Between Groups

Within Groups

Total

Sum of
Squares df

Mean
Square F Sig.
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Figure 4.42. Comparisons of Pretest/Posttest Mean Scores for DS Groups 
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The results shown in Figure 4.43 represent the mean scores (± two 

standard deviations) for the pretest and posttest in each group category.  These 

results clearly indicate that the groups are not significantly different because the 

pretest and posttest means for the facilitator group overlap the pretest and posttest 

means of the tutor group.  It is also shown in Figure 4.43 that the achievement 

attained on the posttest by both groups is essentially the same magnitude. 

Therefore, we conclude that students who attended the facilitated discussion 

sections did not benefit more than the students who attended the tutored 

discussion sections.  
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Figure 4-43. Comparison of Pretest/Posttest Mean Scores By DS Groups 
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Chapter 5:  Discussion 

The research employed over a period of three semesters was designed to 

determine whether small group discussion sessions would enhance the 

achievement of students enrolled in a large lecture course (>400 students).  

Toward an effort to establish a protocol that provides a practical set of conditions 

in which students would acquire the most benefit from such a program, the 

following questions were addressed: 

1) Would small-group interaction be more beneficial to students if group 

meetings occurred outside a formal classroom or in a structured, 

monitored environment? 

2) Is it possible to adopt a model of “grouping by achievement levels” for 

such a large number of students? 

3) Could undergraduate peer teaching assistants (pTAs) be trained as 

effective facilitators of small-group interaction during weekly 

discussion sessions? 

4) Would student achievement be enhanced more if the pTAs were 

trained as strict facilitators (no interaction with students during group 

meetings) or as tutors (minimal interaction with students during group 

meetings) when they direct the weekly discussion sessions? 

The answers to questions one through three were resolved by the results 

attained in experiment one and two.  The fourth question was answered by the 

results acquired in experiment three.  
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DATA ANALYSIS 

The results of the first two studies were determined by statistical analyses 

assuming the data collected were nonparametric (distribution-free). This 

assumption was derived from the consequences that the different groups when 

compared, in the first two studies, contained unequal variances, i.e., the standard 

deviation of the group means were considerably different when compared to each 

other, and the groups were comprised of unequal sizes.   

To insure the integrity of the results obtained from the first two studies, 

the conservative nonparametric analysis of the Mann-Whitney U and Wilcoxon 

statistics, rather than the analysis of variance (ANOVA), were preformed on 

sample data when comparisons were made between two independent groups, e.g., 

the comparisons between the mean exam I scores of the two sample groups in 

experiment one and the Krushal-Wallis H were selected to analyze data 

comparisons between three or more group samples. The fundamental procedure, 

utilized by all the nonparametric analysis chosen for these studies, is the ranks 

test.  In these tests, group means are based on ranks rather than on the raw scores.  

That is, all observations (individual scores in these studies) are pooled then 

ordered, from low to high, while maintaining the group samples’ identity.  The 

final process assigns a rank to the pooled observations, again from low to high.  

The manners in which the ranked scores are manipulated for determining a 

significant finding between groups are different for each test. (See Appendix I for 

a complete description of the nonparametric tests.)  Because the data collected 

from experiment three falls within the parameters of normal distribution of 
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variances and group sizes, the analysis of variance (ANOVA) was selected for 

determining if differences existed in the pretest/posttest scores of this study. 

As a means of finding any and all significant comparisons between three 

or more group samples, it was necessary to evaluate the groups through post hoc 

analysis.  In statistics, post hoc analysis is performed when an overall significant 

difference had been found following an analysis of variance (ANOVA) because 

the implication is that there is at least one significant comparison between the data 

of the sample groups.  However, there are no post hoc tests associated with an 

overall significant finding when nonparametric analyses are employed.  

Consequently, when an overall significance finding was established with 

nonparametric analysis in these studies, the data were reevaluated by employing 

the analysis of variance (ANOVA).  It seemed a reasonable assumption that if an 

overall significant difference were determined via a conservative nonparametric 

test, then the result of the ANOVA would not be an overestimation of the true 

difference between the sample groups. The very conservative Tamhane post hoc 

analysis and/or orthogonal contrast tests (see Appendix I), which are only 

available following a significant finding through the ANOVA, are employed for 

comparisons of all group samples in the studies. 

THE RESULTS AND CONCLUSION 

Experiment One 

In this study, students who volunteered to participate in the weekly half-

hour small-group discussion session’s (DS) program selected one of eleven 

sections to attend throughout the semester. The students in each section were then 
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placed into groups of four or five, according to achievement levels as determined 

by a pretest or lecture exam performance, and the groups were instructed to meet 

at least once in the interval between sessions.  The focus of discussion during 

group meetings was to reach a consensus upon the correct solutions to a problem 

set (PS) that specially covered the topics that had been introduced in that 

particular week’s lecture.   

Once established, group productivity and stability were maintained 

through the following (pre-disclosed) requirements:  

1) Attendance in weekly group meetings and discussion sessions was 

mandatory. (More than two absences from either occasion eliminated a 

student from his or her group.) 

2) Student’s must attend both the sessions and the group meetings 

prepared—with lecture notes, the course textbook, and a copy of the 

PS. (Failure to comply with this requirement during any group or 

session meeting was regarded as an absence.) 

If the allowed the number of absences for either the group meetings or 

discussion sessions was exceeded, or if a student received more than two 

warnings as a result of being unprepared, the student was eliminated from the 

program without consideration for reentry at a later date.  

A team of trained and talented undergraduate pTAs supervised the weekly 

half-hour discussion sessions, which were instituted for the following reasons:  

1) To offer a setting in which DS-participants could meet with a trained 

pTA and inquire about problems incurred during the group meetings 
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that concerned either unresolved solutions to PS questions, and/or 

difficulties with respective group members’ performance or 

attendance.  

2) To implement short quizzes over the previous week’s PS material, 

which had two functions: 

a) to determine the comprehension of the PS material by 

individual group members. 

b) to track attendance.  

The sample groups, for comparison of achievement, were categorized by 

the time the students participated the DS program.  The time of participation 

categories coincided with the intervals of time between the lecture examinations, 

so that at the conclusion of the semester there were four categories of group 

samples; the zero-time (comprised of those students who elected not to participate 

in the program), the 1-3 weeks, 4-6 weeks, 7-9 weeks, and 10-12 weeks. The 

reasoning for this method of categorization was strongly influenced by the results 

of a study conducted by a colleague, Dr. Sparks, who conducted her research in 

chemistry education at The University of Texas (99). Her study indicated that 

poor performing students could attain a higher level of achievement through 

short-term (three to four weeks) involvement in small-group work, suggesting that 

students who participated in DS would receive some level of benefit for their 

involvement for periods as little as three weeks. The underlying concept that 

emerged from the Sparks’ study was that underachieving students need a small 

exposure to the methods of attaining the basic skills to be successful in chemistry 
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(useful note taking, learning conceptually, reading the text effectively) and 

realizing the benefits of group collaboration. Given that the methods for acquiring 

these skills are introduced early in our program, and are continuously reinforced 

throughout the semester, it was logical to assume that there would be a difference 

in achievement between all categories of DS-participation.   

The results of the study were systematically obtained from analysis of 

achievement (the dependent variable) from the mean scores of the four lecture 

examinations and the final examination (the independent variables).  The outcome 

from each assessment produced the following conclusions: 

Exam One 

The results from the exam one scores indicated that those students who 

participated in DS program achieved a higher mean score on exam one than those 

students who did not participate in the program.  However, because the students 

who made up the zero-time category had not complied with the request to take a 

pretest during the first two weeks of class, there was no method in which to assess 

the prior knowledge of this group. As a result, it was possible that these students, 

collectively, were below the chemistry achievement level of those students in the 

DS-participation group. Therefore, no conclusion concerning the difference in 

mean scores between these two groups could be made in respect to the benefits of 

attending weekly small-group discussion sessions. 

Exam Two 

The categories of group samples for this analysis consisted of zero-time, 

1-3 weeks, and 4-6 weeks.  The students who were categorized as 1-3 weeks 
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comprised two classifications; those who withdrew or were eliminated, and those 

who signed up for the program following the first exam.  Regardless of the reason 

the student was placed in the 1-3 week category; this group achieved a marginally 

significant difference in the mean scores of exam two when compared to the zero-

time category.  It was problematical reaching a conclusion concerning the 

achievement of students who comprised the 1-3 weeks groups as a consequence 

of the following four possibilities that could have accounted for the higher level 

of achievement over the zero-time group: (1) the zero-time group was intrinsically 

lower achievers than the 1-3 weeks group, (2) the 1-3 weeks group either had 

students who were no longer in the program but had gained some achievement 

skills which allowed them to perform at a higher level than those who were non-

participants, (3) the students who joined the program following the first exam 

were more motivated to learn from the small-group experience and outperformed 

the non-participants, or perhaps, (4) there was a combination of both a small 

group of recently acquired, highly motivated students with a small group of 

students who had left the program with a certain level of newly attained skills. At 

any rate, the significant finding following the comparison of the 1-3 weeks group 

vs. the zero-time group is only marginal, which precluded any conclusions other 

than there is a low level of achievement seen in the 1-3 weeks DS-participants’ 

group. Conversely, there is a significant difference of p = .001 at a probability of 

.01 for the 4-6 weeks’ group when compared to either of the other group 

categories. This result is a strong indication that the DS participants had received 
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benefit, in terms of achievement, from their involvement in the small-group 

program. 

Exam Three 

The categories of groups for comparisons consisted, again, of zero-time, 

1-3 weeks, 4-6 weeks, and 7-9 weeks. The 1-3 weeks’ group at this stage clearly 

involved students who had not been in the program for period of more than a 

month. The 4-6 weeks students had either recently left the program or had 

continued from the previous interval as the newly acquired students. What is 

interesting about the comparisons made between exam three mean scores for 

these groups is that it is evident that the students in the 1-3 weeks’ group had 

become essentially the zero-time group. That is, the students in the 1-3 weeks 

group performed at an achievement level with the non-participants, no significant 

differences are seen between the mean scores of these two groups.  This result has 

several implications: (1) The students who left the program following the first 

exam apparently had gained no skills that would differentiate their exam 

performance from the students who had no exposure to the benefits of the DS 

program; the zero-time group, (2) Considering that the pretest scores of the 

students, determined at the beginning of the semester, indicated no significant 

differences between the groups in which they were ultimately categorized at end 

of the semester, we concluded that the zero-time students, at least by the third 

exam, are not below the achievement level of the students who participated in the 

program. In other words, since the 1-3 weeks group were not significantly 

different, in terms of pretest means, than any other DS-group, and since the zero-
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time and 1-3 weeks groups showed no differences in achievement on the third 

exam, we concluded that the zero-time category should be included in the final 

analysis of determining the potential benefits of small-group discussion in regards 

to enhanced achievement in general chemistry, and (3) at the time interval when 

the zero-time and 1-3 weeks groups were combined and compared to the 4-6 

weeks group, a significant difference of  p = .020, at a probability of .01, is shown 

to exist between the two groups.  This is an indication that the longer the students 

participated in the program, the greater the achievement they accomplished on 

lecture exams.  The 7-9 weeks’ group achieved at a higher level than any of the 

other groups by a significant difference of p = .001 at a level of probability of .01. 

There was, however, the potential of “time category contamination” by 

students who had been incorrectly credited with more time in the program than 

was actually the case, specifically the 4-6 weeks classification.  As a rule, when a 

student had exceeded his or her allowed absences, the author would pool that 

student’s name with other students who had exceeded their allowed absences, and 

send the elimination notifications, via e-mail, at the end that particular exam 

interval. As the method of determining DS eliminations for a particular time 

interval, the computer records were the source the author utilized for determining 

the specific numbers of weeks the DS-participants should receive credit for 

attending.  However, the time-stamped computer records proved to be unreliable. 

This was partly derived from the mechanical problems with the computers, which 

frequently thwarted students’ efforts to take the weekly DS quizzes. On the 

occasions when computers failure prevented students’ access to quizzes, the pTA 
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leaders created methods of taking attendance. But unfortunately, not all of the 

methods were useful. For example, during a computer shut down, a particular 

section pTA leader wrote the quiz questions on the board and had his student’s 

hand in the solutions on paper, only to realize much later that many of the 

students did not write their names on the submissions. Another example was the 

time the computers went down while students were taking their quizzes. The 

section leader informed her students not to be concerned because accessing the 

quiz was enough to give them credit for attendance. She soon learned that 

students had to actually click the submit button in order to be electronically 

stamped as present—as a consequence, all her students had to be counted present, 

whether the student was present or not for that particular week. Another concern, 

which compounded the issue of tracking students’ attendance through computer 

records, surfaced when the author, on three separate occasions during a period of 

one week, received e-mails from DS-participants who were concerned about their 

fellow section mates who were taking quizzes for absent friends.   

Within a period of two weeks, during the 4-6 weeks interval, it became 

apparent that the manner of keeping attendance was not a workable method of 

determining the actual time a student participated in the DS program. Therefore, 

we re-grouped and resolved a better game plan. Unfortunately, by that time, the 

harm had been realized, and the data collected from that point forward could not 

be assumed to be a good representation of the genuine time that many students 

had participated in the DS program. This experimental anomaly offers a possible 

explanation for the necessity of pooling group samples as a technique for 
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determining the existence of a significant difference between students that were 

categorized in the 4-6 weeks, and in the later analyses of the 7-9 weeks time 

periods. 

Exam Four 

The groups for comparisons encompassed the zero-time, 1-3 weeks, 4-6 

weeks, 7-9 weeks, and 10-12 weeks categories.  It should be noted, however, that 

the groups that comprised the DS-participants (7-9 weeks and 10-12 weeks) were 

not restructured by achievement analysis.  This was a result of a very “loud cry” 

of a resistance to change of their respective group members following the normal 

routine of post-exam regrouping.  Apparently, the group rearrangements 

presented difficulties in arranging meeting times; therefore, the groups were left 

intact from the previous time interval.    

In these analyses, a significant difference (p = .001) was shown to exist 

between the pooled zero-time and 1-3 weeks’ groups and the pooled 4-6 weeks 

and 7-9 weeks’ groups. On the other hand, the students who remained in the 

program since the onset, the 10-12 weeks’ group, persisted to outperform all 

categories of groups, which increasingly confirm the benefits of the small-group 

discussions program.   

Final Exam 

The analyses of the mean scores from the final exam are considered the 

most conclusive evidence concerning the benefits of small-group interaction at the 

different time-levels. The logic associated with this sweeping statement is derived 

from the fact that the final exam was composed from a selection of the “exact 
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questions” that had been asked on the previous four lecture examinations.  Since 

the students had virtually no opportunity to ascertain this information, the final 

exam was essentially a posttest for each of the four lecture exams.   

The repeated analysis statistical test was chosen to determine if significant 

differences existed in the performances between the comparisons of the time-

dependent group categories. This particular statistical test was designed to 

measure whether differences in performance occur when individuals are required 

to repeat the same type of task more than once.  In other words, when the same 

type of task is performed more than once, there is often a change from one trial to 

the next.  Because the difference in change, from one trial to another, is correlated 

successively with the performance on previous trial, the repeated measures 

analysis adjusts for the influences that are assumed to carry over from one trial to 

the next. The classic example of such a measure would be the difference seen in 

the performance between a pretest and posttest. For our study, the repeated 

analysis was chosen to determine the magnitude of change, positive or negative, 

in the performance of the time-dependent groups between each lecture exam and 

the final exam.   

The outcome of the between groups analysis indicates that there is a 

significant positive difference (p = .001) between the 7-9 weeks groups when 

compared to the zero-time.  However, the difference in the magnitude of change 

between the comparisons made between either the 7-9 weeks group and the 1-3 

weeks or 4-6 weeks groups is not large enough to indicate a significance 
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difference.  The 10-12 weeks group showed a positive significant difference over 

all of the groups (p = .000) when compared at a probability of .01.   

When considering the results of these repeated measures analyses, we 

carefully examined the Tamhane post hoc analyses presented in Table 4.36 

(Chapter 4, page 103). Upon close examination of the mean differences (column 

three), it can be seen that the magnitude of the positive change for the 10-12 

weeks group is sequentially larger when compared to the time-dependent groups 

going from highest time to the lowest time categories.  Even though the indication 

of mean differences between the 7-9 weeks, the 4-6 weeks, or 1-3 weeks’ groups 

in the Tamhane report is not considered significant, the interpretation of these 

positive changes of magnitude in means, from the highest to lowest time-

dependent groups, is that some achievement benefit exists for students who 

participated in the DS program, regardless of the time they participated in the 

program. However, the students who continued in the program from its inception 

received, by far, the most benefit in regards to their achievement in the chemistry 

course.  The results in Table 4.36 are obtained at a level of .01, which indicate 

that there is 1/100 probability that the significant results were due to sampling 

error, and by all standards, that this author has encountered; this is a strong 

indication that the results are valid. It should be noted at this point in the 

discussion that the exam results (for all exams) were also analyzed to ascertain the 

potential of significant section-specific benefits for the DS-participants. The 

results of these analyses indicated that there were no achievement benefits to be 

gained from student attendance in one DS-section over another.  
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Lecture Attendance 

A means of assessing the benefit of the DS program in terms of enhancing 

lecture attendance, a hypothesis was put forward that lecture attendance could be 

concluded by the number of quiz attempts accomplished by students at conclusion 

of the semester.  This assumption that a correlation between the numbers of 

quizzes attempted and lecture attendance existed was derived from the 

observation that the probability of a student taking a randomly administered 

lecture quiz was directly related to the student’s attendance in lecture.  The results 

of the correlation analysis between the time-dependent group categories and the 

number of quizzes attempted were significantly positive, indicating that 

participation in DS-program may have influenced increased lecture attendance. 

Conclusion 

As evidenced by the systematic analyses of the data collected during the     

progression of student involvement in the small-group discussion sessions, it 

appears that there is a significant positive correlation between the level of 

achievement attained by the student DS-participants and the time of DS-

participation.  We, therefore, conclude that the DS program, under the conditions 

described by the protocol, provided a valuable learning asset for the student 

participants in respect to their knowledge gained in the general chemistry. We 

also conclude that DS-participation may have increased lecture attendance, and 

that some exposure to the small-group learning may provide some small benefit, 

but the greatest achievement benefits were clearly seen by the DS-participants 

who persevered through the program throughout the entire semester. 
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EXPERIMENT TWO 

In the second study, the DS protocol was altered to increase the discussion 

sessions to an hour so as to accommodate the small-group interactions in a 

supervised environment. As a result, there were also the accompanying 

administrative changes that were necessary for the success of the transition into 

the new time-extended discussion sessions’ setting.  The purpose for the protocol 

adjustments succeeding the first study was threefold: (1) to relieve the participants 

from the stress of having to reorganize outside meetings with new members from 

the regrouping process, which we presumed to be a major contributing factor to 

the attrition of DS-participation in the previous study (Experiment 1), (2) to create 

a setting in which group dynamics could be monitored for social interactions as 

well as group productivity, which we presumed would heighten group 

productivity and accountability, and (3) because the discussion session were held 

in classrooms, rather than a computer lab, it was also necessary to change from 

computer-generated quizzes to hardcopy quizzes, which required student 

responses to be collected on bubble sheets. 

One of the most surprising results of this study, following the initial 

analyses of the data, was that the time-dependent groups fell into just three 

categories: the non-participants (those students who elected not to participate in 

the program), the eliminations (those students who were either eliminated by poor 

attendance or withdrew from the program), and the DS-participants (those 

students who signed up for the program and remained throughout the semester).  
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Beyond the second exam interval, no student was eliminated or withdrew from 

the program.  

The results of the study were systematically obtained from the analysis of 

achievement (the dependent variable) from the mean scores of the four lecture 

examinations (with and without zero score), and final course grade distributions.  

The independent variables in the study were the time-dependent groups. The 

outcome from each assessment gave the following results: 

Exam One 

No differences in achievement are seen from the comparisons of the non-

participants and DS-participants.  Considering that the DS-participants had only 

two group encounters, for a period of 45 minutes per encounter, this is not an 

unexpected outcome.   

Exams Two, Three, and Four 

  Since the assessment of data concerning the remaining three exams lead 

to the same results and conclusions, and because there were no specific concerns 

with the sample populations of the time-dependent groups, the results and 

conclusions concerning exams two, three, and four are combined for this portion 

of the discussion.  

The last three exams, considered together, indicated significant differences 

in the results of the comparisons between the DS-participants and the eliminations 

and non-participants.  The significant findings between the exam two means of 

the DS-participants and the eliminations groups had to be determined by the less 

conservative contrast comparisons, rather than the Tamhane post hoc analyses, 
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however, the necessity of the contrast tests was a direct result of removing the 

zero scores from each of the three exams before the time-dependent group 

evaluations were performed, as evidenced by the results in Table 4.73, page 150. 

Nonetheless, it was shown repeatedly in the cross-tabulation results that the zero 

scores were associated with poor performance for each exam considered, e.g., the 

results of the cross-tabulation analyses (Table 4.72, page 149) of zero scores 

acquired on exam two indicated that 28 out of 32 students who received zeros 

scores had either dropped the course or received course grades below a C, and the 

cross-tabulation analysis of exam three zero scores (Table 4.80, page 154) showed 

that 14 out of 16 students who had received zero scores had received an F for their  

course grade.  Even though the analyses were presented with nonzero data, the 

results of the time-dependent group comparisons for all dependent variables 

indicated a significant difference existed between the DS-participants when 

compared to either the eliminations group or the non-participants group. 

Repeated Measures Analysis 

Considering the strong implications of poor performances associated with 

the students who received the zero scores, and taking into consideration the 

impact that the zero scores had on the analyses results (the nonzero score data 

tended to add ambiguities to the distinction between significant differences seen 

the post hoc comparisons of the three time-dependent groups), the author decided 

that the zero score analyses most accurately reflected the performance results of 

three time-dependent groups for all of the exam scores compared.  Therefore, we 
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decided to perform the repeated measures analysis on the mean scores of the 

exams with zero scores included.  

The results of the repeated measures test are not considered as definitive 

as the results obtained in repeated measures test of the previous study because the 

final exam scores of this study are not available for comparison in the analysis.  

Nonetheless, the results (Table 4.93, page 165) show a persuasive positive 

significant difference in magnitude of change between exam scores when 

compared to either the eliminations or non-participants groups.   

Analysis was completed on all the exam means for each DS section as A 

method of determining if an achievement advantage could be seen in any 

particular section/s.  For the exception of exam one, which showed significant 

differences between certain DS sections, the results of the analyses for the 

remaining examinations revealed that there was no advantage for DS-participants 

to attend one section over the others. 

Course Grades 

The Tamhane post hoc analysis indicated a difference in the mean course 

grades between the DS-participants and the other two groups by a significance no 

less than p = .001 at a probability of .01.  

Homework Analysis 

As discussed in chapter three, the homework problems were not discussed 

during the small group interactions. Instead, students were provided with problem 

sets generated by the author that contained demanding material complementary to 

the lecture topics. The goal was to challenge the DS-participants, through small 
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group discussion, to enhance their conceptual knowledge, and thereby, increase 

their potential for successfully completing the homework assignments without 

assistance. As a result, it was anticipated that the number of bonus points received 

by DS-participants would be an outcome of comprehension, rather than, the 

memorization of a procedure.  If the presumption were true, there should be a 

significant positive correlation between the bonus points awarded and 

achievement, which was initially shown to be true in the correlation analysis 

reported in Table 4.115, page 186.  However, the information seen in Figure 5.1 

provides an additional prospective of the correlation between course grades and 

accumulated homework bonus points as distributed by the time-dependent groups.  

The figure contains a summary of the time-dependent groups’ course grades as a 

function of the confidence intervals encompassing the means of the groups’ 

respective total points accumulated.   
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Figure 5.1. Summary of Bonus Points Correlated to Course Grades 

 

A confidence interval represents the mean of the scores plus the standard 

deviation of the sample distribution for a particular sample population.  In this 

case, the interval encloses the limits in which there is 95% confidence that the 

means of the sample population would capture the means of the general 

population. The size of the interval represents sampling error, i.e., the larger the 

confidence interval, the greater the sampling error will be. These results are 

interpreted as in the following manner: 

1) The sample population of DS-participants who made an A grade in the 

chemistry course had a smaller confidence interval than the other groups, 

which indicates that standard deviation in the mean scores is very small 
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compared to the means of the elimination group and the non-participants. 

Because the intervals overlap, there is no significant difference in the 

points accumulated from one group to the other, however, there is a much 

less chance that the means of the DS-participants were a product of 

sampling error.  In other words, we could reasonably predict with 95% 

confidence that if all chemistry students took this particular chemistry 

course and participated in the small-group discussion program, they would 

have mean homework points that would fall into the blue interval, if they 

received an A grade. More importantly, the narrow confidence interval 

suggests a stronger correlation exists between the course grade received 

and the homework points accumulated for this group of DS-participation. 

2) The same analysis as above applies to the DS-participants who received a 

B grade in the course.  Although the mean of this group is higher than the 

eliminations or non-participants’ groups, there are still no significant 

differences in points accumulated for a course grade of B as evidenced by 

the overlap in confidence intervals. However, the smaller confidence 

interval suggests a higher correlation between course grades and 

homework bonus points received for the DS-participants. 

3) For those DS-participants who received a course grade of C, there is both 

a significant difference in the number of bonus received, and the mean 

points show a higher correlation with the course grade received when 

compared to the other groups, although there is a slight overlap between 
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the intervals of the DS-participants who received a C and the DS-

participants who received a B in the course. 

4) When comparing the time-dependent groups who had a course grade 

below a C it is obvious that no differences exist between either the bonus 

points accumulated or the correlation of means with course grades, for the 

exception of the non-participants who received an F in the course.  The 

smaller point interval for the non-participants who received an F shows a 

higher correlation of their efforts to their grade.  

Conclusion 

As evidenced by the systematic analyses of the data collected during the 

progression of student involvement in the small-group discussion sessions, there 

is a significant positive correlation between the level of achievement attained by 

the DS-participants and the time of their participation.  

From the results of the homework analysis, there is a higher correlation 

between the number of homework bonus points gained and the course grade 

received by the DS-participants, as evidenced by the small standard deviations for 

the course grades of a C or better. Although the results indicated in Figure 5.1 

suggest that the DS-participants who received an B or C in the course gave greater 

effort for their respective grades than their time-dependent group counterparts, it 

also suggests that those students who did not take part in the small-group 

discussions may have increased their efforts (total homework bonus points) for a 

potentially higher course grade if they had participated in the program. By the 

same token, if those students, who received the same grade as their counterparts 
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for more apparent effort, had elected not to participate in the program, it is 

probable that they would have received a lower course grade. The intervals 

encompassing the D and F time-dependent groups suggest that these students did 

not do honest work for their points, as is apparent from their interval overlap with 

higher grade intervals. 

From these analyses, we conclude that the DS program, when extended to 

one-hour weekly-supervised small-group interactions, benefited the DS-

participants in terms of (1) the effort they gave in completing homework 

assignments, and (2) the knowledge they gained in the general chemistry course. 

However, under these conditions there appeared to be very little achievement 

benefit gained by the students who were exposed to small-group learning up to 

exam two.   

COMPARISON OF EXPERIMENTS ONE AND TWO 

Subsequent to the analysis of the above studies, the author made the 

following observations concerning the limitations and strengths of the two 

experiments: 

EXPERIMENT ONE 

Limitations  

a) Time intervals determined as the independent variables contained 

possible contamination of students who just gave up during their 

participation in the program with students who recently joined the 

program and were making an honest attempt to improve. 
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b) There are definite problems associated with students reorganizing 

small group meetings following the regrouping process that occurred 

after each exam interval. 

c) Requiring the small-group meetings to occur outside of the discussion 

sessions limited our ability to monitor contributions made by 

individual group members’, and as a result we had less control over 

group accountability. 

d) The main limitation was the high attrition rated that was apparently 

associated with most of the above problems. 

Strengths  

a) The greatest strength of the program is that student participants 

were not limited to a period of time in which to interact during 

small group discussions. 

b) The value of experiencing unsupervised small-group meetings; 

students were more likely to result in the students’ awareness of 

the value of learning through small-group discussion and utilizing 

this methodology to learn in other courses. 

c) A higher level of dependence upon group members for information 

rather than information from the pTAs was generally observed 

during the progression of the semester. 

d) Students tended to gain more from the discussion sessions as a 

result of attending the sessions with specific problems that had not 

been resolved during the small-group meetings. 
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EXPERIMENT TWO 

Limitations 

a) The time for small-group interactions was limited to approximately 

45 minutes per session. 

b) Students showed less dependence on group members for 

information and higher dependence on pTAs. 

c) Initially, students showed a higher degree of agitation with some of 

the facilitators, many group members wanted more pTA 

interaction. 

e) Students tended to ask more questions during the discussion 

sessions, which appeared to be a result of attending the sessions 

without specific problems because there had been no small-group 

interaction prior to the sessions. 

Strengths 

a) Group interaction was supervised. 

b) Group accountability was enforced. 

c) A more equitable distribution of individual contributions was 

required. 

d) Social interactions could be monitored. 

e) A strong rapport usually developed between pTAs and the 

students. 

f) Attrition among DS participants was substantially lower. 
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EXPERIMENT THREE 

The purpose of this study was to determine if DS-participants would 

achieve a higher level of conceptual knowledge by attending discussion sessions 

that were lead by pTAs who had been trained to be strict facilitators, i.e., 

facilitators who were trained to have no interaction with students other than 

keeping group members on task. The sample populations were drawn from 

student volunteers who were registered for a CH304K chemistry lecture course. 

Student participants were divided into two classifications based on whether they 

attended session’s lead by strict pTA facilitators or by pTA tutors (which were 

pTAs that had been trained to interact with students in the same manner as the 

pTAs in previous studies.)  Student participants were required to take a pretest at 

the beginning of the semester (administered in the first session meeting) and were 

requested to take an electronically delivered posttest (the same test given as the 

pretest) at the end of the semester. The analyses were restricted to those data that 

were obtained from student participants who submitted responses to both tests. 

The results of the analysis of variance (ANOVA) from the comparisons of 

the mean pretest scores indicated no significant differences between the two 

groups of DS-participants.  The same results were seen from the ANOVA results 

when comparisons were made between the mean posttest scores of the two 

groups.  In other words, there was no achievement advantage for those students 

who attended the sessions supervised by the strict pTA facilitators and pTA 

tutors. 
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Results obtained from this study were not, however, unexpected.  The 

author, who attended every session during the semester, made a few interesting 

observations that might account for the lack of any apparent difference between 

the methods that were employed by pTA’s while supervising their sessions.  The 

first observation was that the students in the facilitated sections tended to 

compensate for the lack of a “tutor-type” pTA by becoming dependent on certain 

more knowledgeable students that attended their sections.  For example, whenever 

groups were unable to resolve problems in the discussion materials, there were 

always one or two student participants in facilitated sections who would come to 

the rescue.  After a short while, it was noticed that these sought after student peers 

had a propensity to become the leaders of their respective sections.  They would 

actually begin to walk around the room helping different groups—very much in 

the same manner as the pTA tutors. This would appear to have been advantageous 

for the students in the facilitated sections; however, on some occasions the student 

peer would just provide an answer rather than helping a student reason through a 

solution. On the other side of the isle, in the pTA-tutored sections, the pTA tutors 

never provided answers. The responses to student questions were always given in 

the same sequence, “look in your notes, look in your text, ask your group, ask the 

members of the other groups, and then as a last resort, ask me”. However, it was 

observed that there was much less interaction between members of other groups 

in the tutored sections; most groups rely solely upon the help of the pTAs.  

One of the realizations that occurred early from the author’s observations 

in previous studies, and was obvious in this study as well, is that the pTAs not 
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only help their students to learn chemistry but they also brought to the sessions 

the added dimension of also helping their students become better students. At 

least once during the semester, a student participant in every section that was 

observed, would inquire from one of the pTAs how he or she managed to take a 

full course load, belong to organizations such as the pTA program, and still 

maintain a high grade point average; the pTAs in all cases were happy to impart 

his or her strategies for his or her success in college.  This observation is 

supported in the literature reports of Rafoth (69), Hansen (71), and Miller (58) 

whose respective findings indicated that the influence of successful peer tutors 

benefited unsuccessful student with the motivation to become better students. 

Another observation that distinguished the two methodologies of pTA supervision 

was the approach used by the pTA tutors to help student participants’ reason 

through challenging chemistry topics.  Whenever a difficult question surfaced 

during a discussion session that confused all students, in the pTA-tutored section, 

one member of the pTA team would, as a last resort, go to the blackboard and 

systematically work through a solution for the problem. Throughout the 

explanation process, the pTA would verbalize his or her reasoning while querying 

student participants for information that might be useful for achieving a solution.  

The knowledgeable student peer, in the facilitated section, would also work 

through solutions to questions on the blackboard, but he or she was less capable in 

engaging the other student participants to get involved during the solution 

process. 
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Unlike previous studies (Experiments 1 and 2), scores from lecture 

examinations were not the achievement criteria utilized for regrouping student 

participants in this experiment.  Instead, the pTAs were given this task based on 

their observations of the interactions that occurred between group members. As 

would be expected, the pTA tutors were more likely to rearrange group members 

because the groups in these tutored sections tended to work independent of each 

other. Alternatively, all the student participants in a particular facilitated section 

were inclined to work together; in effect, they became one large group under the 

guidance of one or two knowledgeable student participant peers.    

Conclusion 

The results of the study indicate no difference exists in the mean scores of 

the pretests and posttests between the two sample groups when compared in the 

analyses. There were, however, observations by the author that differentiated the 

two methods of pTA supervision in favor of the pTA-tutored discussion sessions.  

The student participants attending the pTA-tutored sections were exposed to 

talented, knowledgeable, and successful peer models whose influences may have 

affected some of their students with benefits beyond learning chemistry, e.g., the 

pTA tutors were at liberty to interact with their students on topics such as the 

learning strategies that they have determined to be useful or how they cope with 

the stresses of being a college student or how they established and attained goals. 

The facilitated sections, otherwise, were focused solely on solving chemistry 

problems during the sessions. Even though a more knowledgeable student 

participant emerged to help his or her peers in each of the facilitated sections, the 



 236

author never heard the discussions of these student leaders deviate from their 

explanations of the solutions to the chemistry problems.  

As a result of the author’s observations, we conclude that the pTA-tutored 

sections were more beneficial to their student participants.  Therefore, future pTA 

training sessions will continue to instruct pTAs to interact with their student DS-

participants by the methods described in Chapter 3. 

THE PEER TEACHING ASSISTANTS 

The undergraduate peer teaching assistants who were recruited for the 

discussion sessions’ program proved to be very capable small-group facilitators, 

as substantiated by the apparent success of the discussion session’s program in the 

first two studies.  The third study indicates that undergraduate peer facilitators are 

exceptional role models for achieving success as a college student, which may 

have an influence on the DS-participants to become better students.  

The peer teachers were observed to be knowledgeable, professional, and 

devoted to helping the students in their respective sections. In many instances, the 

pTAs went beyond the call of duty by preparing additional work sheets, offering 

simple demonstrations of chemical reactions, or even making flash cards for 

helping students learn chemical nomenclature or the solubility rules. The only 

weakness observed in the undergraduate pTAs during the studies was their 

general reluctance to discipline student participants who were perpetually 

unprepared for group discussion, which accounts for the numbers of students who 

completed the small-group discussion program but failed the course. This 

problem, however, has become a focus in the pTA training meetings and we 
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presume that the future pTAs will become more apt at dealing with this necessary 

but unfortunate downside to being a peer-teaching assistant.  

THE RECOMMENDED PROTOCOL FOR SMALL-GROUP DISCUSSION SESSIONS 

Analyses of data collected from experiments one, two and three resulted in 

our conclusion that the protocol design for administering small-group discussion 

sessions that benefit students enrolled in a first semester large lecture general 

chemistry course include the following: 

1) The small-group interactions should occur in a structured facilitated 

environment where student relations may be monitored so that all students 

are encouraged to contribute during group discussion and the attrition of 

student participation are reduced.  

2) Prior knowledge assessment is a necessary component for grouping 

students so that the knowledge levels within a group are not too diverse, 

i.e., students with a high level of prior knowledge are not grouped with 

students with a low level of prior knowledge. 

3) Group social dynamics, in some instances, can be more important for 

group productivity than the members’ achievement levels. Consequently, 

groups should be scrutinized for students who do not work well with other 

members in their assigned groups. 

4) Problem sets, rather than course homework assignments, are preferable for 

the focus of group discussion. The homework assignments should be 

utilized as method in which students are able to ‘self test’ for topic 

comprehension. 
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5) Student preparation prior to group interaction is vital for success. 

Specifically, students must come to the sessions with their lecture notes, 

the course textbook, and a copy of the problem set, which we encourage 

students to work on before the sessions.  

6) Trained undergraduate peer teaching assistants should be employed as 

peer tutors who limit their problem solving interactions with students as 

the only remaining option, and in so doing should model a conceptually 

derived solution. 

A FINAL ARGUMENT 

It may be argued that the apparent benefits associated with the discussion 

session’s program can be contributed to the increase of “time on task” that the 

students receive in weekly small-group interactions. While it is true that the 

participants received at least 45-minutes of additional time on the task of learning 

chemistry in the small-group encounters, and they received a few bonus points 

(roughly 3% of the total achievable points for the course if all points were 

earned), we would be hard pressed to agree that the weekly group meetings would 

provide enough time for most participants to master the information that is 

expected of them to learn in chemistry or that a possible three percentage points 

could account for the significant differences seen in achievement when the time 

category groups were compared. Rather, we suggest that attending small-group 

discussions appears to increase student willingness to give more time to the task 

of learning chemistry or that small-group discussion is a more effective use of the 
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students’ time.  In either event, the use of small group discussion as described 

here does, indeed, provide measurable benefits to the students involved. 

  There is no doubt that when a student devotes more time to learning the 

concepts of chemistry that he or she will surely achieve a higher level of 

understanding of the material. However, spending a lot time working on 

chemistry problems does not guarantee success in the course. The research of 

Treisman (13) conducted at the University of California, Berkeley, indicated that 

studying mathematics in isolation was not as effective as studying in peer groups 

(100). In a review of the literature concerning the achievement affect of 

homework, it was determined by Cooper (56), that there was no effect in 

achievement unless the total amount of time given to homework was more than 

four hours per week. A study conducted at Oregon State University Math 

Learning Center determined that the hours studied per week were not a significant 

predictor of course grades (101). One of the factors that may partially explain the 

results of such studies comes from the author’s observation that many students are 

prone to dedicating large amounts of time to memorizing processes rather than 

understanding concepts.  

In every chemistry lecture course in which this author has been a graduate 

teaching assistant, at the beginning of the semester, the professor will implore his 

or her students to attend lectures, take notes and review those notes, read the text, 

and solve the questions at the end of the text chapters and/or the assigned 

homework. The discussion sessions are designed to reinforce these tasks that 

promote success in chemistry learning, with a focus on solving problems through 
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conceptual understanding rather than rote processes. There are indications from 

the results of these studies, that the discussion sessions may encourage students to 

attend lecture, and may increase the effort given by students in completing 

homework assignments. But at the very least, the requirements for student 

participants in discussion are to bring their lecture notes, the course text, and to 

refer to these materials as the resources for solving challenging chemistry 

problems during the small-group meetings. The author would argue that the 

success of the discussions session’s program is the result of the procedures we use 

to help student participants acquire the learning skills considered necessary to 

accomplish the task of comprehending general chemistry.  

The future of the discussion sessions’ program has potential for 

application in all general chemistry (CH301and CH302) lecture sections in a 

given semester.  The recommendations for implementing the program in multiple 

sections follow: (1) a full-time administrator with a strong background in 

chemistry and education theory to manage the enormity of the pTA recruitment, 

training classes, and discussion sessions program, (2) a upper divisional course 

number, such as 307L at UT, be made available for a least one semester to upper-

divisional students who have satisfied their useful limit of lower divisional (207L 

at UT) hours, and (3) funding for those pTAs who remain in the program for an 

excess of four semesters.  
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Appendix A 

 
Chemistry 301, Section 48335 
Fall 1999                

DISCUSSION SESSIONS DISCLOSURE 
  
 
The Monday discussion sessions are completely voluntary and are accessible to 
students’ registered for Chemistry 301, section 48335.  At any time during the 
semester, any student may choose to withdraw with the understanding that reentry 
into the program at a later date will not be allowed. 
  
The focus of the materials offered during these sessions will be conceptual. This 
does not mean that we will neglect the algorithmic methods of determining 
solutions to problems, but rather, we will aim to construct your knowledge of 
chemistry through the development of critical thinking and logical deduction 
which helps you build the skills necessary to master the mathematical models 
which symbolize chemical theory and facts. 
 
As participants, you are entitled to understand what is expected from you and 
what you may expect from those of us who are here to guide you. Therefore, we 
have constructed a complete outline concerning the requirements for the student’s 
participation, the responsibilities of the peer teachers who will lead the discussion 
sessions, and the manner in which points will be distributed toward the lecture 
exams. 
 
Please read the below information carefully.  Following the examination of 
the below material, download, print and sign the signature sheet that 
accompanies this outline.  The signature sheet must be submitted no later 
than midnight Sunday, September 19, 1999. 
 

1) Monday Discussion Sessions—Student Participation 

2) All students participating in these sessions must be registered 

for a half-hour time slot. 



 242

3) The number of computers available limits the enrollment for 

each session, therefore, each student will attend their 

registered times only. 

Following September 13, no changes of time slots will be allowed for students 
registered. 
 
Following September 13, students not registered will not participate in   
Monday discussions. 
   
Attendance 

1) Attendance is mandatory for each session. 

2) For the consequence of the success for those students 

participating, two absences will cause automatic withdrawal from 

the sessions without further consideration for reentry in the 

program.  

Group Discussion  
1) Students enrolled in sessions will be divided into groups of more 

than five (5) individuals. 

2) Initial determination of the group members will result from the 

pretest given during the September 13, Monday sessions. 

3) Once the groups have been established, materials will be 

administered in which each group will solve as a unit outside of 

the discussion times. 

4) Problems associated the solution to chemistry materials will be 

addressed during Monday sessions. 

The participation in group meetings outside of discussion sessions is vital for the 
success of the individual member and group members in solving the assigned 
materials. Each member of a group will monitor participation of the other group 
members through evaluations. The evaluations will be completed outside the 
discussion sessions in a private environment via a designated web site. Disclosure 
of the results of the evaluations will be kept in strict confidence. (The peer 
teachers will not have access to these results and, thus, unable to give any insight 
into the results of any individual’s evaluation.) 
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At different times during the semester, students will be reorganized into groups 
with different members. This regrouping will occur following the results of 
certain quizzes and/ or exam grades. 
 
QUIZZES 

1) At the start of each Monday session, students will log on to a 

designated web page and take a short quiz. 

2) The quizzes are a method of providing information about the 

students understanding of the materials assigned the previous 

week. 

3) The total number of correct responses will be keep in a grade book 

and used to determine the number of points allowed for quizzes. 

(See section III-a below.) 

4) The quizzes will also be used for keeping attendance.   

Novellas and Problem Sets 
1) The answers to novellas will be entered into the web site and 

either accepted as correct (submitted) or rejected as incorrect (not 

submitted).  

2) Three attempts at the correct response will be allowed.  More than 

three attempts will be considered as not submitted. 

3) Problem sets will be submitted in the same manner as the novellas 

with the same number of attempts allowed.  

Monday Discussion Sessions—Peer Teachers. 
1) Each Monday session has a maximum of three peer teachers 

available for problem solving. 

2) These teachers are undergraduate students who have successfully 

completed CH301. 

3) The peer teachers attend weekly meetings and are prepared to help 

students with problems associated with the materials distributed 

for Monday discussion sessions. 
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4) Time limits prevent peer teachers from answering questions 

associated with homework problems. Such questions should be 

taken to outside class help sessions and office hours. 

5) Each Monday the peer teachers will facilitate group discussions 

over assigned materials, monitor quizzes, and provide information 

for the upcoming assignments. 

6) Peer teachers will have access to the e-mail addresses of the 

students registered for their particular session.  

7) In the event that beneficial information may occur, e.g. practice 

problem sets have been made available to the students, a system of 

an e-mail relay, provided by your discussion leaders, will help 

expedite this information to students participating in Monday 

discussion sessions. 

The Distribution of the ten (10) points to be added to exam scores. 

1) Quizzes = 2 points 

2) The total number of points accumulated divided by total number 

of points received on quizzes multiplied by 2% and multiplied by 

100. 

3) Novellas and problem sets = 3 points 

4) The total number of novellas and problem sets distributed divided 

by the number of responses submitted multiplied by 3% and 

multiplied by 100. 

5) Participation in group meetings outside of discussion sessions = 

2.5 points 

6) The groups’ evaluation of individual members will be scored and 

the total will be multiplied by 2.5 points. 

          
NOTE: THE EVALUATIONS OF INDIVIDUAL MEMBERS ARE DESIGNED 
TO DETERMINE THE ATTENDANCE AND THE EXTENT OF THE 
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INDIVIDUAL’S PREPAREDNESS AND INVOLVEMENT IN OUTSIDE 
MEETINGS. IF YOU PREPARE, ATTEND, PARTICIPATE IN ALL 
MEETINGS, YOUR SCORE WILL REFLECT THE MAXIMUM POINTS 
ALLOCATED FOR THE EVALUATION. 
 
Data collection 

 
The participation of students in this program will offer valuable information for 

the benefit of future CH301 courses. Data will be collected throughout the 

semester from the above assignments and evaluations and through responses 

given to an assessment survey administered at the end of the semester.   

All of the information collected will be confidential and will not be correlated to 

any individual’s name.  The information collected will have no affect upon the 

grade in which a student will receive for the course. 

 
A FINAL NOTE: the above outline may appear rigid and unforgiving.  However, 
it is necessary to establish a sound foundation in which to build a program that 
will benefit all students who wish to participate.  The rules are devised to offer the 
best conditions in which a very large number of students may receive the help 
they need during their participation.  It is the sincere goal of the course professor, 
the course TAs, the peer teaching assistants, and the Department of Chemistry 
Education, that each student has the opportunity to achieve excellence in their 
knowledge of the central science, chemistry.  
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Appendix B 

Chemistry 301, Section 48335 
Fall 1999                
Discussion Sessions Agreement 

SIGNATURE SHEET 
 
 I have read the above guidelines for my participation in the Monday discussion 
sessions.  In so doing, I am aware that my participation is completely voluntary 
and that I may at any time during the semester choose to withdraw from the 
program without further consideration for reentry to the program for the 
remainder of the fall semester, 1999. It is also my understanding that if I am 
absent for two sessions that I will be withdrawn from continued participation and 
will not be considered for reentry to the program for the remainder of the fall 
semester, 1999. 
 
In exchange for my participation in the above program, I will receive a maximum 
of ten (10) points to be added to the score of each exam given in the lecture 
course.  It is clear that I must participate in group meetings outside of the 
discussion sessions and that I will be held accountable for my participation 
through group evaluations. The distribution of the points awarded toward my 
course exams has been openly stated and I agree to these terms. 
 
I am aware that information will be collected from my performance in the 
Monday sessions, from my responses to course surveys, and from the evaluations 
administered by my group peers and discussion leaders.  It is my understanding 
that information collected will be utilized for research and will neither affect the 
grade I receive for CH 301 nor be published in association with my name. 
 
 
Name: (print) 
 
 
Name: (signature) 
 
 
Social Security Number  
 
 
Time of Discussion Session  
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Appendix C 

CHEMISTRY PRETEST 
 
Circle the best answer for the following questions.  Please do not guess.    If you 
do not understand how to answer the question, leave the answer blank.  
References: (81-86) 
 
1. Assume that a beaker of water on a hot plate has been boiling for an hour.  

Within the liquid, bubbles can be seen rising to the surface.  What are the 
bubbles made of?   
a. A mixture of hydrogen and oxygen gases 
b. Oxygen 
c. Water vapor 
d. Molecules of water 
e. c and d because they are the same 

 
2.     If sodium carbonate is Na2CO3, ammonium chloride is NH4Cl, and sodium 
chloride is NaCl, then ammonium carbonate is: 

a. (NH4)2CO3 
b. NH4CO3 
c. NH4(CO3)2 
d. NaNH4CO3 
e. None of the selections are correct     

 
3.     The reaction of carbon and hydrogen to form ethane can be represented by  
the chemical equation 
                                                     xC (g)   +   yH2 (g)    →      zC2H6 (g) 
               This equation is properly balanced when the values of x, y, and z are: 

a. 1, 1, 1 
b. 4, 6, 2 
c. 1, 3, 1 
d. 2, 3, 1 
e. 4, 2, 2 

 
4.    If  PV=nRT and n=m/W, then a correct expression for W is: 

a. W = mRT/PV 
b. W = PV/mRT 
c. W = m/PV 
d. W = PV/RT 
e. W = PV/nRT 
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5. Potassium, vanadium, and iron crystallize in a body-centered cubic unit cell.  
Given the lengths of the unit cell edges (a) and the atomic weights (AW) listed 
below, which of these elements has the highest density (is the most dense)? (81) 
potassium: a = 5.250 Å       vanadium: a = 3.024 Å             iron: a = 2.861 Å 
 AW = 39.098                        AW = 50.942                            AW = 55.847 

(A) potassium 
(B) vanadium 
(C) iron 
(D) They all have the same density. 
(E) Not enough information is given. 

 
6. The drawings below are drawn to scale and illustrate the crystal structure of 
rubidium, niobium, and molybdenum. The atomic weights of these elements are 
roughly equivalent. Which of the elements has the lowest density (is the least 
dense)? (81) 
                                   

 
 
(A) niobium  (B) rubidium  (C) molybdenum (D) They all have the same density. 
(E) Not enough information is given. 
 
7. Which is the most reactive of the metals mentioned above?  
 
       (A) niobium 
       (B) rubidium 
       (C) molybdenum 
 
8. What is the empirical formula of a compound if a sample of the compound 
contains 3.01 x 1023 S atoms and 0.50 mol of Fe atoms?  
 
a. FeS                   b. FeS2               c. FeS3             d. Fe2S3         e. Fe3S2
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9.  Two moles of H2 gas are known to combine with one mole of 02 gas to form 
two moles of water. Which of the following concepts is NOT associated with 
understanding this statement? (81) 

a. Chemical reactions involve the breaking and rearranging of chemical   
bonds. 
b. Chemical formulas show the ratios of atoms in a molecule. 
c. The moles of H2, O2, and H2O are proportionally related to each other. 
d. Chemical formulas show the spatial arrangement of atoms in a  
molecule. 
e. The number of moles of water formed is determined by the number of  
moles of H2 and 02. 

 
10.  Select the letter below the illustration that represents the correct answer.   

 
          A                                 B                             C                             D 

 
11. Select the letter below the illustration that represents the correct answer.  
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12.   Atoms of two different elements are represented by ∅ and ∎.  Which is 
the limiting reactant when two ∎∎ molecules and two ∅∅∎ molecules react 
to form ∎∅∎ and ∅∅.  

a. ∎∎ 
b. ∅∅∎ 
c. ∎∅∎ 
d. ∅∅ 
e. There is no limiting reactant 

 
Below is a periodic table of the elements.  Within each box you may locate the 
atomic weight and the symbol of the element.    
Examine this table and select the correct response to the question below. 

 
 
The following compounds are the results of reaction between various elements 
from the periodic table: XQ, X2J, YQ2, L2J, YD. Element G does not form 
compounds with the other elements, select the formula for each compound 
resulting from reactions between L and A,  K and D,  W and J,   E and A, and  
W and Z. 
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                  13.   a) LA             b) L2A             c) LA2            d) L2A3           e) L3A2                     
                          f)  L and A cannot react 
  
                   14.   a) KD            b) K2D             c) KD2           d) K2D3           e) K3D2                
                           f)  K and D cannot react 
 
                  15.    a) WJ             b) W2J             c) WJ2            d) W2J3           e) W3J2                 
                           f)  W and J cannot react 
 
                  16.    a) EA             b) E2A             c) EA2            d) E2A3           e) E3A2                 
                           f)  E and A cannot react 
 
                  17.    a) WZ            b) W2Z            c) WZ2           d) W2Z3          e)W3Z2                       
                           f)  W and Z cannot react 
 
18. Which of the above questions did you consider the most challenging? (Select 
one) 
 
a) question 1             b) question 2           c) question 3             d)  question 4            
e) question 5             f) question 6           g) question 7              h) question 8             
i)  question 9            j) question 10           k) question 11           l) question 12 
m) questions 13-14 
 
 
19. Which of the above questions did you consider the least challenging? (Select 
one) 
a) question 1             b) question 2           c) question 3             d)  question 4            
e) question 5             f) question 6           g) question 7              h) question 8             
i)  question 9            j) question 10           k) question 11           l) question 12 
m) questions 13-14 
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Appendix D 

SURVEY QUESTIONS 
Please give thoughtful consideration to the following questions and answer with 
the best responses that most represent your honest feelings: (select only one 
response unless otherwise indicated) 
 
General Information: 
 
1. How many course hours are you registered this semester? 

 a. Less that twelve 
 b. Twelve 
 c. More than twelve but less than fifteen 
 d. Fifteen 
 e. More than fifteen 
 

2. What is your classification at the beginning this fall semester? 
a. Freshman 

  b. Sophomore 
  c. Junior 
  d. Senior 
  e. Fifth year senior 
 
3. Which of the following best describes your chemistry experience prior to 
enrolling in chemistry 301? 

a. One year of high school chemistry 
  b. AP chemistry in high school 
  c. 304 K or equivalent college introductory chemistry course 

d. At least one year high school chemistry but it has been greater than five  
    years since I had the course/s. 
e. No prior chemistry courses 

 
4. How would you rate your chemistry education prior to CH 301? 

 a. Excellent high school chemistry   
 b. Good high school chemistry 
 c. Fair high school chemistry 
 d. Poor high school chemistry 
 e. Did not take high school chemistry 

 
 



 253

5. Which of the following do you feel should be a necessary prerequisite in 
order to successfully understand the material covered in CH 301 ?  
    a. Excellent mathematics background 
    b. Good mathematics background  
    c. Fair mathematics background 
    d. Poor mathematics background 
     e. No mathematics background 
 
6.  How important do you feel a chemistry education is to your career goals? 
    a. Very important, it is my declared major course of study 
   b. Very important, it is related to my major course of study 
    c. Very important even though it is not my major course of study 
   d. Not important because it is only related to my major course of study 
   e. A waste of time because it is not related to my major course of study 
 
7. Which of the following most accurately describes your major course of 
study? 
   a. Biochemistry/Chemistry 
   b. Biology/ Microbiology 
   c. Chemical Engineering 
   d. all other Engineering 
   e. None of the above 
 
8. Which of the following best describes your feelings about chemistry 
compared to the other courses in which you are enrolled this semester? 
   a. Chemistry is the most challenging topic. 
   b. Chemistry is the moderately more challenging topic. 
    c. Chemistry is an equally challenging topic. 
   d. Chemistry is the least challenging topic. 
   e. I do not know how chemistry will compare to my other courses. 
 
9. Which of the following best describes your concerns about a large lecture 
environment? 
   a. I am accustomed to small classrooms and feel intimated by a large  

     lecture class. 
   b. I feel that I will not receive the individual attention that I will need. 
   c. I feel that the material of the subject will be presented too quickly. 
   d. All of the above 
   e. I have no concerns 
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10. Which of the following best describes your feelings about learning 
chemistry? 

a. I am not confident in my ability to understand the concepts of the     
    subject. 
b. I am only moderately confident in my ability to understand the concepts  
    of the subject. 

   c. I am confident in my ability to understand the concepts of the subject. 
   d. I am very confident in my ability to understand the concepts of the  

     subject. 
  e. I do not have an opinion in my ability to understand the concepts of the  
            subject. 
 
11. Which of the following do you feel will be the most helpful for a successful 
semester in chemistry? 
   a. Attending lectures 
   b. Completing all assignments 

 c. Discussion sessions with a teaching assistant 
 d. A steady routine of outside class study 

   e. Forming a study group that meets at least once weekly 
 
12.  Why are you pursuing a college education? 
   a. For a good paying job 
   b. For the knowledge 
    c. For a position of prestige 
    d. Because my family or friends have pressured me to attend college. 
 
13.   For a challenging class, when do you generally begin to study for an 
exam?  
     a. The night before the exam 
    b. A weekend before the exam 
    c. A week before the exam 
    d. More than a week before the exam 
    e. I try to keep up with the course material so that I do not need to spend  

    much time studying before an exam. 
 
14.  How long before registration did you plan your class schedule for this 
semester? 
    a.  A day or two before registration 
    b.  Between several days to a week before registration 
    c.  Between a week and a month before registration 
    d.  At the beginning of the prior semester  
    e.  At the beginning of my freshman year 
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15.  Which of the following most represents your time spent outside of 
academic study? 
   a. Recreational sports 
   b. Intramural sports 
   c. Watching television 
   d. Watching MTV 
   e. Socializing with friends 
 
16. In which of the following would you prefer to be involved?  (Select “a” , 
“b”, or “c”) 
   a. Football, baseball, basketball, volley ball, hockey 
  b. Track, tennis, swimming, golf, weight training 

c. None of these 
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Appendix E 

PROBLEM SET 8—FALL 1999 
Form 3 
 
  1. The strength of ion-dipole forces is proportional to 
 
  a) µ 3/d‚ 
  b) q1µ /d3 
  c) q+q− /d2 
  d) qµ/d2 
 
2.   London-dispersion force is the attractive force between 
 
  a) an ion and a permanent dipole 
  b) an instantaneous dipole and an induced dipole 
  c) two permanent dipoles 
  d) two molecules with hydrogen bonded to an oxygen atom 
 

3. Iodine (I2) is a solid at room temperature.  What is the major attractive force that 
exists among different I2 molecules in the solid? 

 
  a) dispersion 
  b) dipole 
  c) ionic 
  d) covalent 
   

4. Which one of the following substances would have hydrogen bonding as one of 
its intermolecular forces? 

 
  a) HCOH 
              b) CH3COCH3 
              c) NH2COH 
              d) CH3F 
 
 5. When NaCl dissolves in water, the force of attraction that exists between Na+ and 
 H2O is called 
 
  a) dipole-dipole 
  b) ion-ion 
  c) hydrogen bonding 
  d) ion-dipole 
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6.  The substance with the largest enthalpy of vaporization is 
 
  a) I2 
  b) Br2 
  c) Cl2 
  d) F2 
 
7.  The vapor pressure of a liquid 
 
  a) increases linearly with increasing temperature 
  b) increases nonlinearly with increasing temperature 
  c) decreases linearly with increasing temperature 
  d) decreases nonlinearly with increasing temperature 
  e) is totally unrelated to its molecular structure 
 
8.  Increasing the amount of liquid in a closed container will cause the vapor 
 pressure of the liquid to  
 

a) increase 
  b) decrease 
  c) remain the same 
  d) depends on the liquid 
 
9.  Copper(I) chloride solid has the zinc blend structure.  In this structure, the 

chloride ions take on the 
 
  a) body-centered cubic structure 
  b) face-centered cubic structure 
  c) primitive cubic structure 
 
10.  Which choice below is not characteristic of a metallic solid? 
 
  a) excellent thermal conductivity 
  b) excellent electrical conductivity 
  c) variable hardness (function of identity of metal) 
  d) extreme brittleness 
  e) variable melting point (function of identity of metal) 
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Appendix F 

DISCUSSION SESSIONS—QUIZ 4 (ACIDS AND BASES) 
  
Form   1             
 
Consider the below acid/base reaction and answer the following questions. 
 
 
  2 HClO4 (aq)   +     Ba(OH)2 (aq)    →   Ba(ClO4)2 (aq)   +     2H2O (l) 
 
 
 
1. In the above reaction, HClO4 (aq) is       2. In the above reaction, Ba(OH)2 (aq)     
 
a. A strong soluble base                                  a. A strong soluble base 
b. A strong conjugate acid                               b. A strong conjugate acid 
c. A strong acid                                                c. A strong acid 
d. A weak acid                                                 d. A weak acid 
e. A strong conjugate base                               e. A strong conjugate base 
 
 
3. Brønsted-Lowry would define              4. The Lewis theory would define  
     HClO4 (aq) as                                             Ba(OH)2 (aq) as   
 
a. An electron pair donor                               a. An electron pair donor 
b. An electron pair acceptor                           b. An electron pair acceptor 
c. A proton donor                                           c. A proton donor 
d. A proton acceptor                                      d. A proton acceptor 
 
 
 
5. In the above reaction, HClO4 (aq) 
 
a. Is just a Brønsted-Lowry acid  
b. Is just a Brønsted-Lowry base  
c. Is a Brønsted -Lowry base and a Lewis base 
d. Is a Brønsted-Lowry acid and a Lewis acid 
e. Is a Brønsted-Lowry acid and a Lewis base 
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Appendix G 

GROUP EVALUATIONS 

 
September 27 through October 4, 1999. 

Number of individuals assigned to your group 

Your group identification number         

 
1) Please give thoughtful consideration to the following questions and answer 

with the best responses that most represent your honest feelings:  
 

2) Use the below scale to indicate the attendance of the members of your group 
during the weekly group meeting. 

                                                         0 =  no          1 = yes 
3) For the remaining questions, rate the members of your group with the 

following scale:                                                            
                               Poor       Fair          Good          Very good       Excellent 
                                  1            2                3                    4                       5 
 
Please exclude your name from this rating.                                  Group Members                                                 
 1 2 3 4 5
1.   Attendance      
2.   Read the chapter material prior to meeting      
3.   Attempted solutions to problems prior to meeting      
4.   Listened to other members’ suggestions      
5.   Willing to help others with problem solving      
6.   Contribution to your understanding of the material in  
      Chapter 7      
7.   Contribution to your understanding of the material in  
      Chapter 8      
8.   Contribution to your understanding of the material in   
      Chapter 9      
9.   Demonstrated a positive attitude for scheduling a group  
      meeting.      
10. Demonstrated a genuine interest in understanding the  
      material during the group meeting.      

 
What overall rating do you feel you will receive from your peers? 
 
What overall rating do you feel you should receive from your peers? 
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Appendix H 

END OF SEMESTER REPORTS: PEER TEACHING ASSISTANT PROGRAM 

 
First semester pTAs (206K): Outline for pTA report 
Due: The last day of classes by 5:00p.m.  

Please give careful consideration to your report. Do not write what you 

feel will make me happy, but rather, express your honest feelings. 

Submit your report as a typewritten, double-spaced paper.  There are no 

restrictions concerning length. The report will be evaluated by the content, 

however, a paper laden with misspellings and poor grammar is difficult to read 

and, therefore, uninteresting. 

This outline represents a guideline by which you may write your report.  

Keep in mind that the below items are significant for my assessment of the pTA 

program, especially the suggestions for your introduction and conclusion.  

The preferred method of submitting your report would be as an 

attachment through e-mail. This method provides an electronic copy of your 

report, which can be easily distributed, to those individuals who have an interest 

in our program. 
1) Introduction 

a) Background (personal information -- interests, goals, etc…) 
b) Reasons for entering the pTA program  

2) Main body 
a) Perceived strengths prior to this semester 
b) Previous teaching experience, or experience as a student (i.e., an 

excellent chemistry professor or teacher as your model) 
c) Self-assessment of chemistry knowledge before semester began 
d) Observations of students’ needs---what they wanted help with the 

most.  
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Students’ attitude toward the subject’s content--how did the students respond to 
the material covered during the course?   
With what concepts did they appear to have the most difficulty? 
Students’ weaknesses---students were unprepared, they didn’t appear to have 
enough prior knowledge to understand the material, etc… 
Adjustments in technique 
Changes made to accommodate the above observations--- what techniques were 
used to motivate and create interest? What resources were used? 
Time for preparation---how much time was required to prepare for discussion 
sessions? 
 

3) Conclusion 
a) Value of pTA program 
b) Perceived value for the students enrolled the discussion sessions. 
c) Has this experience as a peer teacher altered your attitude for 

achievement in your own studies? 
d) Weakness of pTA program 
e) What suggestions would you offer to increase the success of the 

students enrolled in the group discussion sessions? 
f) What suggestions would you offer to increase the success of the 

peer teaching assistants during facilitation of the group discussion 
sessions? 

Second semester pTAs (206K): pTA Report 
 
Please give careful consideration to your report. Do not write what you feel will 
make me happy, but rather, express your honest feelings. 
Submit your report as a typewritten, double-spaced paper.  There are no 
restrictions concerning length. The report will be evaluated by the content, 
however, a paper laden with misspellings and poor grammar is difficult to read 
and, therefore, uninteresting. 
This paper should be concerned with observations and experiences that support 
your thoughts on whether group work is effective in advancing students’ 
understanding of chemistry 301.  You should also include how your experiences 
as a peer teacher have influenced any of the following changes in: 
 

1) Knowledge of chemistry 
2) Study habits  
3) Professional goals 
4) Leadership skills 
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The preferred method of submitting your report would be as an 

attachment through e-mail. This method provides an electronic copy of your 

report, which can be easily distributed, to those individuals who have an interest 

in our program. 
 

pTA Report:  369K 

A draft of this report is due no later than one week prior to the last 

day of classes by 5:00p.m. The final report is due by the last day of classes by 

12 noon. (This time has been set by the Department) 

The topic of this report should be centered on an aspect of educational 

theory. You may select to use one of the papers distributed during pTA meetings 

as a starting point—for example, you may wish to write a report on the 

Vygotsky’s zone of proximal development theory. Although you may elect to 

either advocate or refute a theory based on your observations and experiences as a 

peer teacher, you must include citations (references), which lend support to your 

beliefs.  

This is a research report that must follow the below guidelines: 

 
CH 369K REPORT REQUIREMENTS 

      Due, in part, to the requirements and recommendations put forth by ACS for 

degree accreditation, students taking CH 369K (Independent Research) will be 

required to turn in a report at the end of each semester for which they are 

registered in the course. A copy of the report with the faculty supervisor's 
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approval must be received in the Chem/Biochem Advising Center, Welch 2.216, 

before a grade will be issued for 369K. 

      Minimum requirement for report: Cover page, abstract, and 6 pages of text 

(excluding tables and figures) + bibliography (or foot note page). The cover page 

should include the title, student name, faculty supervisor's name and signature, the 

course number (CH 369K) and the semester (e.g., Fall 99). The text length should 

be a minimum of 6 pages, typed and double-spaced (12 point font and 1inch 

margins). The recommended report style should be that of a research manuscript, 

but this is ultimately left to you. 
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Appendix I  

NONPARAMETRIC ANALYSIS 

The computation of the Wilcoxon test (the nonparametric equivalent to the 

t-test) involves ranking data for two independent samples (no one individual is 

part of both groups), and determining if the ranks are randomly mixed between 

the samples.  For example, Table 6.1 represents a two independent group samples 

(Group I and Group II). Group I has an n=6, and Group II has an n=7.  The 

statistic is computed in the following manner:  

First, the scores are rank ordered from lowest to highest, as shown in part 

a of Table 6.1.  Secondly, the scores are given rank values 1 through 13, Table 

6.1, part b. Duplicate scores are given the average of the ranks, e.g., columns 1 

and 5 have the same scores for both groups, therefore, the median of rank 3 and 

rank 4, 3.5, is assigned to both scores. Since the sample sizes are unequal, the 

third step determines the sum of the ranks for the smaller group, as described 

below: 

Let R equal the sum of the ranks for the group with the smallest sample 

size, Group I, by adding the rank scores. 

R = 1 + 3.5 + 6.5 + 6.5 + 8 + 11 = 36.5   

From a table of rank sum statistics, (96), at a probability of .05, the sum of 

the ranks has an interval of 28 to 56.  Since the R-value falls into this interval, a 

significant difference does not exist between the groups. 

 

 



 265

Table 6.1. The Wilcoxon and Mann-Whitney U Computation Chart 

Test  
Scores  
  (a) 7 8 9 9 10 11 11 13 14 14 15 16 17 

Rank 
Scores 
 (b) 1 2 3.5 3.5 5 6.5 6.5 8 9.5 9.5 11 12 13 

Groups  
   (c) I II II I II I I I II II I II II 

 

The Mann-Whitney, which is equivalent to the Wilcoxan test, is obtained 

by counting the number of observations (ranks) from the smaller group that 

precedes an observation from the larger group.  The computation for the Mann-

Whitney test is as follows:   

Let U equal the sum of the ranks for Group I by counting number of 

Group I rank entries (part c, Table 6.1) that precedes the each Group II, counting 

from the beginning each time, e.g., there is only one Group I rank entry before the 

first Group II, one Group I before the second Group II, there are a total of two 

Group I rank entries before the third Group II, and so on for all of the Group II.   

U = 1 + 1 + 2 + 5 + 5 + 6 + 6 = 26   

The equation for the Mann-Whitney U is,  

 
1 1

1 2
( 1)

2
6(7)(6)(7) 36.5

2
26.5

n nU n n R

U

+
= + −

= + −

=
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where n1and n2 are the sample sizes of the two groups, and R is the sum of ranks 

for Group I.  

From a table of U-values, (96), it is determined that the value of U has a p 

= 0.239 at a probability of .05, and therefore, indicates a significant difference 

does not exist between the means of the groups. 

Kruskal – Wallis H test, determined the nonparametric analysis for more 

than two groups.  The data from all samples are ordered in a same manner as the 

Mann-Whitney U tests; however, the calculation for this test includes the sums of 

the ranks for each group and the total sum of the ranks for all groups. For 

example, Table 6.2 represents raw scores from three independent group samples 

(Group I, Group II, and Group III) with unequal sample sizes.   

 
Table 6.2. Kruskal-Wallis H Data Table 

Group I 9 12 13 15 17 18 20 

Group II 8 9 13 14 15 17  

Group III 6 10 11 12 15   

 

The scores are ordered from lowest to highest for each group category and 

then ranks are assigned a corresponding rank, also lowest to highest, see Table 

6.2.  The ranks are then summed for each group, see bottom row in Table 6.3. 

To determine the significance difference that may exist between the three groups, 

the H statistics is calculated with the following equation: 
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Where N are the total number of observations for the combined samples, n 

is the observations for any particular sample, and Tg are the sums of the ranks for 

each group. 

As shown in Table 6.3, the sum of ranks for Groups I, II, and III are:   

 

Table 6.3. Kruskal-Wallis H Ranks Table 

 
Group I 
Ranks 

Group II 
Ranks 

Group III 
Ranks 

 3.5 2 1 

 7.5 3.5 5 

 9.5 9.5 6 

 13 11.5 7.5 

 15.5 13 13 

 17 15.5  

 18   
Group sum of 
Rank scores 84 55 32.5 
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