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Abstract 

 
Identifying Differences in Student Interactions with Near-Peer and Non Near-Peer Instructors in 

the General Chemistry Laboratory 
 

by 
 

Sara Marie Tischhauser 
 

Doctor of Philosophy in Science and Mathematics Education 
 

University of California, Berkeley 
 

Professor Anne M. Baranger, Chair 
 

 There is consensus in the literature that peer learning is beneficial for student content 
learning as well as affective response to courses. Peer learning methods are used frequently in 
large science and math courses and often show positive outcomes from all participants. Peer 
learning programs in undergraduate science education rarely distinguish between the types of 
instructors leading the peer learning sessions, but medical education literature argues that a 
distinction should be made. This literature reports that the benefits produced as a result of peer 
learning are produced to an even greater degree when students learn from near-peer instructors. 
While there is consensus that student content learning and affective gains increase when taught 
by peers, especially near-peers, there is little real-time data to support these gains to explain how 
the perceived benefits are produced.  Additionally, there is a lack of real-time data to indicate 
whether there are in fact real time differences between peer instruction and near-peer instruction. 
Retrospective methods, such as surveys, interviews, and focus groups serve as the primary data 
collection methods used in existing literature to evaluate the benefits of peer and near-peer 
learning. The Undergraduate Teacher-Scholar Program was created to investigate this gap in the 
literature. The program places a near-peer instructor and a non-near peer instructor together in 
laboratory course sections to teach students simultaneously. This environment allows real-time 
audio comparison of student interactions with near-peer and non near-peer instructors.  
 Audio data suggests that the presence of a near-peer instructor in the laboratory section 
results in increased student-instructor interaction times with both types of instructors. When 
there is no near-peer instructor present in the laboratory section, graduate student instructors 
interact with students for fewer minutes per hour of instruction. There is additional evidence to 
suggest that the presence of a near-peer instructor allows students to ask questions about life 
outside of the laboratory, which may contribute to increased feelings of comfort in the learning 
environment. Near-peer instructors also mirror student language and express empathy in 
conversation at a greater rate than their non near-peer instructor counterparts. Although this 
happens at a low frequency, it may contribute to positive affective benefits reported by students 
in surveys, interviews, and focus groups. Findings from this study suggest that the presence of a 
near-peer instructor in the laboratory is beneficial to all program stakeholders, and that real-time 
interaction differences may contribute to the perceived content learning and affective benefits 
expressed by students. 
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1 Introduction and Objectives 
At large undergraduate institutions, many introductory courses, especially introductory 

science courses, are taught in a large lecture format. Often, there are hundreds of students 
enrolled in a single lecture, and students’ only opportunity for a smaller learning environment 
comes in a laboratory or discussion section. Even in these sections, 20-30 students rely on 1 
instructor, making individualized feedback difficult to provide. Students report feeling lost, like 
they are not seen as anything more than a number in a large sea of students, and may even leave 
science because of the impersonal, intimidating nature of the courses. As a solution to this 
problem, peer instructors have been used at an increasing rate. Peer instructors can be 
incorporated into discussion, laboratory or problem solving sections and some programs use peer 
instructors as supplemental help outside of scheduled course time. The addition of a peer 
instructor into the learning environment can increase the one-on-one attention available to the 
student, and can provide a more personalized learning experience for the student.  

1.1 Background: Peer Learning Literature 
 There is a substantial body of literature on peer learning and the benefits that peer 
learning provides for students and for peer instructors. Peer learning has been studied through 
many different models (Treisman Model (Duncan et al. 2000), POGIL (Topping 2005), PLTL 
(Sawyer et al. 2013; Topping 2005), PBL (Topping 2005)) and through many different programs 
at the college level (Merit Program, CASPiE Program (Weaver et al. 2006), Learning Assistant 
Program (Otero et al. 2010)). Peer learning has also been studied in post-college, medical school 
settings. Although the models and the programs each differ slightly from one another, their 
motivation comes from a very similar foundation. When the peer instructor is closer to the 
learner in education experience, knowledge, and label (i.e. undergraduate, graduate student, 
professor), the learner’s zone of proximal development has more overlap with the peer instructor 
and there is greater potential to relate in terms of understanding and explanation ability 
(Topping, 2005). When peer learning models are implemented, students report higher levels of 
willingness to ask questions when they are confused, higher comfort levels learning from the 
peer instructor, greater satisfaction with their experience in the course they are taking, and 
improved content learning (Bulte, 2007; Duncan et al., 2000, Hall et al., 2014; Sawyer et al., 
2013; Singh, 2010; Smith, 2008; Ten Cate & Durning, 2007; Topping, 2005, Weaver et al., 
2006). 

The benefits reported in the literature, however, predominately utilize retrospective 
accounts from students and peer instructors. Surveys and interviews are the dominant form of 
data collection. Very few studies include real time data collection; the few that do use broad real 
time observation notes, record large, holistic pieces of information such as overall mood in the 
classroom. It’s clear from the survey and interview data collected that these affective, holistic 
benefits exist, but the literature fails to explore why and how these benefits are produced 
(Kulatunga & Lewis, 2013). What, specifically, contributes to the positive attitudes, increased 
motivation to participate, improved course grades, and greater comfort asking questions? There 
is a gap in the literature, and a need for real time data in order to record to characterize the 
interactions that occur in the peer learning environment that may lead to these reported benefits.  
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1.2 Opportunity for Advancement 
Recently, there has been a movement to fill this gap in the literature and uncover the 

causal mechanism behind these broadly accepted benefits of peer learning, specifically, the 
benefit of improved chemistry content learning. Kulatunga and Lewis (2013), Repice et al. 
(2016), and Sawyer et al. (2013) have begun to use discourse analysis to uncover the real time 
characteristics of the peer learning environment that contribute to students’ improved chemistry 
content learning.  
 While the researchers mentioned above have begun to make progress toward uncovering 
the mechanism behind the widely accepted benefits of peer learning, they choose to use 
discourse analysis to focus only on how peer learning improves student content learning. The 
existing literature on peer learning shows that benefits extend far beyond content learning to 
many other, more affective type benefits such as increased motivation to ask questions, greater 
comfort being wrong and working through confusion, and improved motivation to learn subject 
matter (Bulte, 2007; Hall et al., 2014; Singh, 2010; Smith, 2008; Ten Cate & Durning, 2007; 
Topping, 2005). Additionally, the existing peer learning environments in chemistry education 
use either a graduate student instructor or an undergraduate student instructor as the peer 
instructor, with no distinction made between the two (Duncan & Dick, 2000; Otero et al., 2010; 
Weaver, 2006). Literature in medical school education proposes that there is an important 
distinction that must be made between these two types of instructors. Instead of categorizing the 
graduate student instructor and the undergraduate student instructor as the same type of peer 
instructor, they should be treated differently (Bulte, 2007; Hall et al., 2014; Singh, 2010, Ten 
Cate & Durning, 2007). While one (the graduate student instructor) can be called a peer 
instructor, the other (the undergraduate student instructor) is a near-peer instructor. A near-peer 
instructor is someone who shares the same label with the learner and who is the closest to the 
learner in terms of age and experience. Hall et al. (2014) shows there are measureable 
differences in student comfort, motivation and learning when a near-peer instructor is used 
compared to a peer instructor. When the instructor shares the same label as the learner (medical 
student as opposed to doctor), the learners report higher levels of comfort admitting they are 
confused or don’t know the answer to something, higher levels of motivation to learn because 
they see a potential, successful, version of their future in the near peer instructor, and report more 
successful learning (Bulte, 2007; Hall et al., 2014; Singh, 2010, Ten Cate & Durning, 2007). 
Because of this, many medical schools have integrated near-peer instructors into their curriculum 
in an attempt to improve student understanding, and also to improve motivation, and comfort in 
the learning process. But, similar to the studies on peer learning in chemistry education, there is a 
significant lack of real time data to explain how these benefits are produced. 
 Anderson et al (2015) broaden the definition of near-peer mentor to indicate anyone who 
is “being a mentor while being mentored” (p. 117). In their study, a near-peer mentor is an 
undergraduate or post-baccalaureate student who is a research intern while also serving as a 
mentor for a high school STEM preparedness program. The program was broken into three 
separate mentoring components: near-peer mentors were mentored as research assistants in a lab, 
were mentored in pedagogical technique, and served as a mentor to high school students in 
STEM preparedness program. They used surveys for data collection, and argued that serving as a 
near-peer mentor increased the near-peer mentor’s professional skills as well as their 
commitment to teaching, and argued that the students being mentored by the near-peer showed 
increased content gains.  
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Although the near-peer definition shares characteristics in both Anderson et al.’s 2005 
study and those studies shown in the medical education literature, this document will focus 
mainly on the definition presented in the medical education literature. When using this model of 
near-peer instructors, an analogy can be made to chemistry education when talking about 
graduate versus undergraduate student instructors. If near-peer instructors yield improved 
content learning, greater motivation to learn course content, and improved comfort asking 
questions and admitting confusion, then a distinction should be made between undergraduate and 
graduate student instructors. Researchers have just begun to use discourse analysis as a useful 
methodology to analyze real time interactions linked to content learning. It follows, then, that 
discourse analysis can be used to uncover the real time interactions in the peer learning 
environment that lead to the affective benefits discussed in existing literature as well. In addition 
to uncovering the mechanism behind the affective benefits, discourse analysis can be used to 
learn how student interactions with a near-peer instructor may differ from those with a non-near-
peer instructor.  
 In this dissertation, I will use discourse analysis in the context of a new peer-learning 
program operating in the UC Berkeley College of Chemistry. I will attempt to identify 
differences that may exist in student interactions with near-peer and non near-peer instructors, 
and will investigate whether there is any evidence in student interactions with near-peer 
instructors to support students’ positive affective reactions shown in the peer learning literature.  
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2 The Undergraduate Teacher-Scholar Program: A new 
Program to Address the Literature Gap  
2.1 Program Description 

I helped to create and develop the Undergraduate Teacher-Scholar Program alongside 
Professor Anne Baranger, a faculty member at UC Berkeley, and Dr. MaryAnn Robak and Dr. 
Pete Marsden, both chemistry lecturers at UC Berkeley. The program operates within the 
College of Chemistry at the University of California, Berkeley and has been supported 
financially by the College of Chemistry and also the Presidential Chair Fellows Curriculum 
Enrichment Grant. With a structure similar to existing undergraduate peer learning programs 
such as the CASPiE Program at Purdue University (Weaver et al., 2006) and the Learning 
Assistant Program at the University of Colorado Boulder (Otero et al., 2010), the Undergraduate 
Teacher-Scholar Program is a peer learning program integrated into the general and organic 
chemistry course structure.  

Different from many other peer learning programs in the field, the Undergraduate 
Teacher-Scholar Program allows the students enrolled in the course, an undergraduate student 
instructor (a near-peer instructor), and a graduate student instructor (a non near-peer instructor) 
to all operate together at the same time and in the same environment. We call this environment a 
vertical community of scholars. Other undergraduate chemistry peer learning programs use either 
an undergraduate peer instructor or a graduate student instructor. If the program contains both, 
they do not operate with the same role, at the same time, in the same environment. Instead, they 
are responsible for different, disintegrated components of the course structure such as 
supplemental office hours or study sessions. Traditionally, the UC Berkeley chemistry laboratory 
and discussion sections are taught by a Graduate Student Instructor (GSI) only. Inserting a near-
peer instructor (the Teacher-Scholar) into the vertical learning community bridges the gap in age, 
label, and experience between the students enrolled in the course and the GSI. Figure 1 illustrates 
the usual laboratory course structure and the modified structure with the addition of a Teacher-
Scholar. 
 

 

   
 
Figure 1. Left – traditional lab and discussion model; Right – Undergraduate Teacher-Scholar 
Program model (vertical community of scholars: smaller distance in age, experience and label 
between tiers than in the traditional model) 
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Undergraduates who have completed general and organic chemistry courses can apply to 
be an Undergraduate Teacher-Scholar (UGTS). The UGTS is placed in either a laboratory or 
discussion section as an apprentice to the GSI. The Undergraduate Teacher-Scholar Program 
contains nearly 100 UGTSs each semester and places UGTSs in eight different courses (all of the 
general and organic chemistry courses for both chemistry majors and non-majors), serving the 
majority of laboratory and discussion sections for each course. The UGTS is required to attend 
the weekly laboratory or discussion section as an apprentice instructor to the GSI. In this 
environment, they are responsible for facilitating discussion, answering student questions and 
helping operate laboratory equipment. The UGTSs are not permitted to grade assignments due to 
graduate student union rules.  

In addition to the instructional component of the Teacher-Scholar Program, the UGTSs 
also participate in a weekly pedagogy course intended to prepare them for the upcoming week’s 
discussion or laboratory session, to help build a community among the UGTSs, to teach them 
about certain pedagogical techniques, and to present special topics*. The weekly course is taught 
by two lecturers in the department of chemistry, who also teach organic and general chemistry 
courses. Although UGTSs from all courses and sections attend this weekly course, they spend 
most of the session working in small groups of UGTSs who all teach the same course. This 
allows specific preparation for the upcoming lab or discussion section. The special topics are all 
taught as a large cohort to maximize participation. Two units of pass/fail course credit are earned 
by the UGTS for participating in the program. Table 1 (shown below) describes the participant 
involvement in the fall and spring semesters. The fall semester has a higher participant 
involvement than the spring because course sizes are much larger in the fall for the courses in 
which UGTSs are involved. Tables 2 and 3 describe the two components of the Undergraduate 
Teacher-Scholar Program, and the time breakdown in each pedagogy course session. 
 
Table 1. Program involvement by semester; combines Chemistry 1A, 1AL, 4A, 4B, 3AL, 3BL, 
112A, 112B 
 

 Undergraduates UGTSs GSIs Faculty Members 

Fall ~3,900 ~100 ~110 6 

Spring ~2,800 ~90 ~85 6 
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Table 2. Expectation for UGTS for each component of the Undergraduate Teacher-Scholar 
Program 
 

 Laboratory/Discussion Section Pedagogy Course 
Description • placed in specific lab or 

discussion section (1x per 
week)  

• 90 minute course session once 
per week 

• content preparation for the 
week’s laboratory or 
discussion assignment 

• introduction to pedagogical 
theory and practice 

UGTS 
Expectations 

• prepare for upcoming 
lab/discussion section 

• attend each weekly 
lab/discussion 

• work in small groups to 
prepare for upcoming 
lab/discussion 

• work in whole cohort to 
complete weekly pedagogical 
methods workshop 

 
 
Table 3. Order of activities for each weekly course session 
 

Time Limit Activity 
20 minutes Attendance, complete preparation worksheet for the upcoming 

lab/discussion in small groups 
 

15 minutes Questions about worksheet/comments about previous week’s lab 
5 minutes Introduction of special topic 
40 minutes Special topic activity* 

 
*Weekly Special Topics: 

• ChemDraw tutorial 
• Conversations in the Classroom 1 
• Conversations in the Classroom 2 
• Fixed vs. growth mindsets 
• Imposter syndrome, identity threat, and implicit bias 
• Write a review worksheet (planning/outlining) 
• Review worksheet - peer review and revision 
• The role of course evaluations and surveys (write a survey for your students) 
• Cognitive biases 
• Curriculum design: organization of a course and choice of lab experiments 
• Present lab experiment proposal (and pizza party) 

 
For a complete description of the special topic units, refer to Appendix I 
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2.2 Program Development 
 It took many iterations to mold the Teacher-Scholar Program into the program it is today. 
Each semester, we incorporated feedback from stakeholders into the ever-adjusting program 
design.  The UC Berkeley Academic Program Review Board Guide 
(https://vpasp.berkeley.edu/academic-program-review/academic-program-review-guide-0) 
recommends a continuous assessment cycle, in which feedback data from program stakeholders 
is continuously incorporated into next program iterations. I collected this feedback each semester 
through surveys, interviews, focus groups, and course evaluations, and each semester of 
feedback informed the program design iteration for the following semester. Without this 
immediate feedback-adjustment loop, the program would not be able to serve undergraduates in 
the ways it currently does. Figure 2 illustrates the changes that were incorporated each semester 
based on feedback received from program stakeholders. These iterations are all described in the 
following sections. 
 

 
 
 
 
 
 
 
 
 
Figure 2. Illustration of iterative program development over time. Δ signifies an alteration of a 
pre-existing feature, + indicates addition of a new topic or feature. The program continues to 
develop after fall 2015. Fall 2015 served as the endpoint for data collection. 

2.2.1 Characteristics of Undergraduate Teacher-Scholars (UGTSs): 
 
 UGTSs are undergraduate students who have performed well (received an above average 
course grade) in one of their general or organic chemistry courses at UC Berkeley and have 
expressed interest in teaching their fellow undergraduates. These students apply to the 
Undergraduate Teacher Scholar Program by completing an online application. The application 
asks for their completed chemistry course grades, which chemistry course they wish to teach, 
their own course schedule, and a writing sample in which they describe a time they helped 
someone understand a difficult concept. If they wish to, they can request a statement of 
recommendation from one of their previous GSIs to accompany their application.  
 
 

Fall  
2013 

Spring 
2013 

Spring 
2014 

Fall  
2014 

Spring 
2015 

Fall  
2015 

Pilot 
Semester 

Δ : Larger 
recruitment class 
+ : Chemistry 
content 
Δ : Worksheet 
writing peer 
review 
+ : GSI priming 
 

Δ : Altered 
recruitment 
method 
+ : Implicit bias, 
learning styles 
+ : Content tests 

 

+ : Content test 
topic feedback 
Δ : Altered 
attendance 
policy 

Δ : Altered 
content test 
+ : Small group 
assignments with 
master UGTSs 
 

Program was 
kept consistent 
from the Spring 
of 2015 to 
prepare for 
controlled data 
collection. 

https://vpasp.berkeley.edu/academic-program-review/academic-program-review-guide-0
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a. UGTS Majors and Career Goals  

UGTSs are primarily biology majors (IB and MCB), but each UGTS cohort includes 
chemistry, engineering, psychology, foreign language, public policy, math, and humanities 
majors. When asked to indicate their career goals, the majority of UGTSs indicate they are pre-
health (medical, dental, optometry), but other career goals include education, law, engineering, 
or research. In the pilot stage and the first active iteration of the Undergraduate Teacher-Scholar 
Program, chemistry majors were not common. Anecdotally, the chemistry majors expressed 
concerns with becoming involved in a research lab, and didn’t know how much additional time 
they would be able to spend on the Teacher-Scholar Program, because the program was still new 
and unknown to the general student population. Over time, however, chemistry majors became 
more and more common applicants to the program and as of Fall 2015, chemistry majors 
represented 27% of Teacher-Scholars involved in the program. Those numbers continue to climb 
in current semesters. Many students work in a research lab, and participate as a Teacher-Scholar 
simultaneously. This data was collected from the Teacher-Scholar Program in the fall of 2015. 
This semester served as the main data collection semester. Figure 3 shows the various academic 
majors represented by the UGTS population. 

 

 
 
Figure 3. Percentage of UGTSs by major (data collected fall 2015) 
 

b. UGTS Prior Teaching Experience 

When asked to describe prior teaching experiences, UGTSs provide examples such as 
tutoring, helping friends with homework, paid tutoring/instruction, music lessons, and sports 
coaching. Some UGTSs indicate they have no prior teaching experiences.  

OTHER BIOLOGY 
1% 

BIO ENGINEERING 
6% 

CHEMISTRY 
10% 

CHEMICAL 
BIOLOGY 

16% 

CHEMICAL 
ENGINEERING 

1% 

COGNITIVE SCIENCE 
4% 

INTEGRATIVE 
BIOLOGY 

7% 
MATHEMATICAL 

BIOLOGY 
1% 

MOLECULAR AND 
CELLULAR 
BIOLOGY 

33% 

MOLECULAR 
ENVIRONMENTAL 

BIOLOGY 
2% 

PUBLIC HEALTH 
4% 

UNDECLARED 
1% 

DOUBLE MAJOR 
16% 

Academic Majors of UGTS 
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c. UGTS Demographics 

The largest groups represented in the UGTS population are white (26%) and 
Chinese/Chinese American (28%). There are a variety of other Asian groups (30%) and a small 
number of African Americans (2%) and Mexican or Latino students (4%). This data was 
collected from the Teacher-Scholar Program in the fall of 2015. This semester served as the main 
data collection semester. Table 4 shows the self-reported demographic break down of the UGTS 
population. 
 
Table 4. UGTS Demographics 
 

Survey Choice Response Rate 
American Indian/Alaska Native 0 
Chinese/Chinese American 28% 
Indian/Indian American 13% 
Pakistani/Pakistani American 0 
Japanese/Japanese American 3% 
Korean/Korean American 5% 
Filipino/Filipino American 0 
Pacific Islander 0 
South East Asian 7% 
Other Asian 2% 
African American/Black 3% 
Mexican/Mexican American/Chicano 2% 
Spanish American/Latino/Latina 2% 
Middle Eastern 7% 
White 26% 
Decline to State 2% 

2.2.2 Spring 2013: Pilot Program 
The spring 2013 semester served as the pilot semester. The main goals of the pilot were 

to assess feasibility of scaling the program up, assessing stakeholder perception of the program, 
and effectiveness of the program in undergraduate chemistry education and Teacher-Scholar 
pedagogical education. Because recruitment methods were limited during the pilot, and program 
advertisement was essentially nonexistent, there was limited student interest in the program.  

a. UGTS Recruitment 

 The spring 2013 semester was the launch of the Undergraduate Teacher-Scholar pilot 
program. Undergraduates who were high performers in their chemistry courses, who were 
passionate about teaching their fellow undergraduates and who were approachable and 
personable were recruited. To initiate recruitment for the pilot semester, I sent emails to the 
Graduate Student Instructors (GSIs) for each of the laboratory courses. The email asked the GSIs 
to recommend students from their laboratory sections, who seemed to have a strong grasp on the 
chemistry content covered in the course, and who were enthusiastic and positive to work with 
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would be ideal candidates. Additionally, each GSI was asked to submit the student’s course 
grade. A course grade cutoff was created based on historical course averages and, using the GSI 
recommendations, students were invited to participate in the program. The email invitation 
explained the roles and responsibilities of an Undergraduate Teacher-Scholar, and explained to 
them that one of their past GSIs had recommended them for the role. Students were asked to 
indicate their first and second choices of courses to teach. The majority of students were placed 
in their first choice course, but some were placed in their second choice because of scheduling 
conflicts.  
 Recruitment was a success and almost all undergraduates who were invited to participate 
in the program accepted the invitation. Chemistry 1A and 1AL (general chemistry discussion and 
general chemistry lab for non-chemistry majors) were the most popular course choices. Very few 
chemistry majors showed interest in participating in the program. The chemistry majors would 
have been placed in Chemistry 4A/4B or Chemistry 112A/112B (general and organic chemistry 
laboratories for chemistry majors). Because there were so few of these UGTSs during the pilot 
semester, few sections of these courses had UGTSs placed in them. When asked, the chemistry 
majors who had accepted the invitation indicated why this lack might exist. They explained that 
the majority of their peers were interested in becoming involved in a research lab, and worried 
they did not have time for an additional commitment. 
 This semester served as a good illustration of what the distribution of interest would be in 
future semesters, and exposed areas that needed improvement, such as increasing recruitment 
and interest in the program. The spring semester served as a perfect pilot program semester 
because, in general, course sizes are smaller in the spring than in the fall. In the spring, transfer 
students, repeat students, and students who need a semester of preparatory chemistry are the 
main participants in Chemistry 1A and 1AL, so course sizes are almost halved compared to the 
fall semester, in which the majority of pre-health, engineering, and biology students take the 
course.  

b. Goals: Pedagogy Course Component 

 The initial goals for the pedagogy course were to expose the UGTSs to pedagogical 
methods and to prepare them for the upcoming week’s laboratory experiment. When making 
decisions for the pedagogy course design and execution, I asked the course instructors for 
feedback and for their response to any new ideas that were presented. Because one of the main 
goals of the Teacher-Scholar pedagogy course was to expose students to methods of teaching, 
and to prepare them for their weekly laboratory session, I chose pedagogical methods-based 
topics to present to the class each week (which were termed “special topics”). The pedagogy 
course time was split between the special topics during the second half of the session, and 
laboratory course-based preparation during the first half. Because UGTSs from every course 
attended the pedagogy course session at the same time, they were asked to sit in groups that 
corresponded to the course they were teaching. During the beginning of the session, the UGTSs 
were instructed to talk to the students around them (those students involved in the same course) 
and reflect on what went well in the previous week’s lab, what went poorly in the previous 
week’s lab, and were asked to predict what might be troublesome in the upcoming week’s lab 
(this could range from student content understand, to equipment failure, etc.). A worksheet was 
created to help facilitate student discussion and each student was asked to complete the 
worksheet as they talked with their group. Please see Appendix II for a template of the in-class 
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worksheet. The methods-based topics were chosen based on what would be helpful for the 
UGTSs to practice, before entering the laboratory-teaching environment. During the pilot 
semester, special topics included role-play, misconceptions, worksheet writing.  

c. Participant Reception 

 Participant reception was important to pay attention to, in order to support program 
satisfaction among all stakeholders. To do this, surveys were administered to GSIs, UGTSs, and 
undergraduates enrolled in courses with UGTSs. Interviews were proposed to faculty members 
teaching courses with UGTSs and, although the interviews were declined, anecdotal 
conversations with faculty members provided insight into their experiences with UGTSs. 
Additionally, observations of laboratory sections with UGTSs were conducted, and informal 
feedback discussions occurred with UGTSs during the weekly pedagogy course.  
 UGTSs responded to the program in an extremely positive way. Not only did they 
express enjoyment, and enthusiasm about teaching, and about the topics presented in the course, 
but they also explained that the Teacher-Scholar Program provided them with a sense of purpose 
that they had not yet felt at UC Berkeley. It gave them a way to apply the knowledge they had 
developed in their courses, and gave them the tools to give back to their fellow undergraduates.  
When asked, 100% of the UGTSs involved in the pilot semester said they would recommend that 
the program continue in future semesters. Examples of quotes that UGTSs provided on surveys 
from the pilot semester are included below. 
 
“I feel like a lot of people have trouble finding their passions, strengths, and a purpose in 
Berkeley.  This program gives us something to be passionate about, shows us our strengths in the 
topics we teach, and instills in us the very simple purpose of extending our knowledge and our 
help for the greater good of Berkeley students taking chemistry.  This, in my opinion, is a rare 
feat.” 
 
 “[The program]…helped me feel less like a number in a sea of students in my huge lecture 
classes and more like my education was mine to do as I wanted with it and there are 
opportunities out there to engage with the material.” 
 
 Similar to UGTSs, the undergraduates who were enrolled in courses with UGTSs 
responded to the program in an extremely positive way. Students explained that they felt much 
more comfortable being wrong, and admitting confusion around the UGTSs, who they viewed as 
a peer. They explained that they were less likely to admit confusion to their GSI because they 
didn’t want to show weakness in front of the person responsible for their grade. Additionally, 
they explained that the UGTSs’ shared experience (taking the same courses at UC Berkeley) 
helped to foster a comfortable environment. The GSIs all attended other universities for their 
undergraduate degrees, so there was a lack of shared experience that contributed to student 
discomfort. When asked, 100% of undergraduate students involved in our pilot semester said that 
they would recommend that the program continue in future semesters.  
 GSIs took longer to acclimate to the new program. While undergraduates and UGTSs 
immediately felt positively about the program, GSIs did not. The majority of the GSIs involved 
in the pilot semester taught Chemistry 1A and Chemistry 1AL (general chemistry discussion and 
laboratory for non-chemistry majors). The majority of GSIs assigned to these courses are first 
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year graduate students at UC Berkeley, and so they are first time GSIs. In addition to learning to 
teach at a new university, they are also getting used to living in a new city, trying to make new 
friends, and competing to find a research group to become a part of for the rest of their graduate 
career. Their nerves are high, and their reputation is constantly being tested. Because of this, 
many of the GSIs involved in our pilot semester were resistant to including a UGTS in their lab 
because they did not want to have a second authority figure in the classroom. They explained 
that they did not want their reputation to be threatened by an undergraduate instructor, and 
expressed a tension or competition for dominance. This was not the goal of the program, and we 
had not intended for the GSIs to feel any sort of competition or threat from the UGTS. We hoped 
the UGTS would lighten the GSI workload, and offer first hand advice to give the GSI some 
background knowledge about the specific labs. Because of the feelings the UGTSs elicited in the 
GSIs, there were many times during which we needed to intervene to mediate conflict, and to 
explain to both the GSI and UGTS how the symbiotic relationship we had envisioned, was 
supposed to work. We realized that there had not been a thorough enough introduction of the 
program to all stakeholders, and this shortcoming needed to improve in future semesters if we 
wanted the program to experience the success we had envisioned. 

d. Participant Feedback 

 On the end-of-semester surveys, all participants (GSIs, UGTSs, and undergraduate 
students enrolled in courses) were asked what they would change about, or add to the Teacher-
Scholar Program for future semesters. The question was formatted as an open response, so that 
participants could contribute whatever ideas and suggestions they felt were appropriate. 
 UGTSs expressed that some of the special topics (specifically the worksheet writing 
component with peer review) felt tedious, so they wanted those topics abbreviated. Additionally, 
they asked to have more explicit preparation about the content of the upcoming laboratory 
experiments that they would be teaching. Finally, they requested better information transmission 
to the GSIs about what the Teacher-Scholar Program is, and what the program goals are, along 
with a role description for each participant. Because many of the GSIs responded with resistance 
in the pilot semester, the UGTSs requested that the GSIs could better understand the purpose of 
the program so that they might respond more positively to the UGTSs’ presence in the 
laboratory. 
 GSIs asked for an explanation of what the role of the UGTS was intended to be. They did 
not understand how to incorporate the UGTS’s participation into their laboratory section, and so 
they asked for direction. Additionally, some GSIs wished that the UGTS could hold their own 
independent section outside of the laboratory instead of co-teaching the laboratory section. 
Unfortunately, this suggestion would remove one of the most fundamental aspects of the 
program design – multiple tiers of instructor in the same classroom at the same time – so this 
suggestion was not adopted in future semesters.  
 Undergraduate students asked that UGTSs hold office hours outside of the laboratory 
section in addition to teaching in the laboratory section because they found the UGTS’s advice 
so helpful. Many of the undergraduates who completed the survey indicated that they did not 
have any suggestions for future semesters – that they were happy with the program as it was 
designed and implemented. 
 



 

 13 

e. Lessons Learned 

 Although obvious in retrospect, introduction of a new participant to an existing system 
requires much scaffolding to be successful. It is not surprising that GSIs reacted poorly upon 
introducing UGTSs to the laboratory. Although the program’s intentions were to improve the 
laboratory experience for students, and also to provide GSIs with extra help in the laboratory, 
that was not automatically obvious to the GSIs. I learned that introductions and thorough 
explanation are necessary when introducing any new piece to an existing puzzle.  
 

2.2.3 Fall 2013: Full Launch 
 In the fall of 2013, the student, UGTS, and GSI feedback that was received during the 
pilot semester was incorporated, and the program was launched again for all general and organic 
chemistry courses for both chemistry majors and non-chemistry majors. At this point in time, 
awareness of the program had spread by word of mouth, and popularity of the program among 
undergraduates and UGTS alumni had increased.  

a. UGTS Recruitment 

 Similarly to the pilot semester, GSIs were asked to provide recommendations of 
undergraduate students based on their experience teaching them in past semesters. They were 
asked to identify and recommend undergraduates who had a command of the course material, 
and who were enthusiastic and approachable. More recommendations were received this 
semester compared to the prior semester, and there was significant interest from undergraduate 
students who had heard about the program through friends and wanted to participate without a 
recommendation. Those students were asked to provide a written statement describing why they 
wanted to be a part of the Teacher-Scholar Program. Additionally, they were asked to describe a 
time they had to teach something new to another person, and how they navigated that situation. 
Finally, they were asked for a list of their past course grades. I attempted to contact their past 
GSIs to ask whether the GSI thought this student would thrive in a UGTS role. 
 In the fall, general chemistry for non-chemistry majors is much larger than it is in the 
spring because it is normative for students to take Chemistry 1A and 1AL during their first 
semester at Berkeley. So, this semester, recruitment of Chemistry 1A and 1AL UGTSs was much 
larger than the pilot semester, filling about 70 percent of the available discussion and laboratory 
sections. Additionally, this was the first semester that chemistry 112A and 4A were included in 
the program because these courses are only offered during the fall semester (112B and 4B were 
not included during this semester because they are only offered in the spring semesters).  

b. Iteration: Pedagogy Course 

Laboratory Content Preparation 
Feedback from the UGTS surveys was taken into account when making adjustments to 

the pedagogy course for the fall 2013 semester. The most frequently mentioned suggestions on 
the UGTS post-semester pilot surveys were to incorporate more lab specific preparation into the 
weekly sessions, and to abbreviate some of the weekly special topics – specifically the worksheet 
writing session with peer review. Planning how to incorporate lab specific preparation into the 
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weekly sessions was difficult because the UGTSs in the weekly sessions do not all teach the 
same course, let alone the same laboratory experiment. There are a wide variety of laboratory 
experiments for the UGTSs to prepare for each week so designing a presentation about one of the 
laboratory experiments would be useful for only a sixth of the total UGTS population. As an 
alternative solution, I decided to delegate the preparation to the UGTSs. I prepared specific 
instructions and repeated them each week. UGTSs were told to get into small four to five person 
groups of UGTSs teaching the same course as them. Different from the pilot semester in which 
they broadly discussed the goals of the lab, and predicted the portions of the lab that students 
might find difficult, this semester they were expected to talk specifically about the laboratory 
content. The UGTSs were asked to take turns explaining the topic of the upcoming laboratory 
experiment, describing the chemical concepts involved that are required to understand the 
laboratory, and discussing which parts of the laboratory or laboratory concepts were confusing 
when they were students in that course. The groups were then asked to talk about how to help 
their students combat those confusions, and were asked to offer alternative explanations for the 
concepts at hand. After about 30 minutes of discussion, the groups were asked to share major 
topics of their discussion. Then it was time for the class to begin the special topic activity for the 
week.  

Worksheet Writing 
 The worksheet writing session remained a special topic in the pedagogy course this 
semester. In the pilot semester, the worksheet writing session involved three rounds of peer 
review, but, after hearing feedback from UGTSs that three rounds was too many, one round of 
peer review was eliminated, yielding two rounds total. We hoped that the worksheet writing 
would provide multiple benefits to students. By choosing a laboratory-relevant concept about 
which to write the worksheet, the UGTS would have an opportunity for content review. 
Additionally, scaffolding students to the normative interpretation of a concept was one of the 
skills we hoped the Teacher-Scholar Program would elicit from the UGTSs, so by writing a 
scaffolded worksheet and receiving peer-review feedback, we hoped that the UGTS would 
incorporate this practice into their daily teaching. It was apparent while teaching the worksheet 
writing sessions that students viewed the worksheet writing as a mandatory task to complete, 
rather than an opportunity to learn a new skill, so it was important to verbally stress the 
importance of these skills for teaching. 

Misconceptions 
 During the special topic unit about misconceptions, the UGTSs’ were asked to reflect on 
their own misconceptions when they were students in these laboratory courses. This task served 
as specific laboratory content review. The UGTSs were asked to predict what their students 
might have trouble understanding when approaching the specific week’s experiment. The 
UGTSs discussed with each other how to lead a student from a non-normative way of thinking 
and to the normative way of thinking, without intimidating, or making the student feel shame for 
being incorrect. UGTSs seemed to enjoy the personalization of this unit, and discussion was rich. 
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c. GSI Preparation 

 A frequent request from a large number of program participants was that there needed to 
be more information given to GSIs about the Teacher-Scholar Program, so that they would 
understand the goals of the program, the role of the UGTS in the laboratory, and methods for 
incorporating this new participant into the laboratory setting.  

Each fall semester, new GSIs are required to take a six-week instructional course on 
teaching. In this course, the new GSIs learn methods of teaching, addressing student 
misconceptions, understanding the implicit biases they may carry into the laboratory, and how to 
respond to academic dishonesty. This course served as an opportunity to present the Teacher-
Scholar Program to all new GSIs, so that they would be exposed to the program goals and 
policies from the very start of their time as a UC Berkeley GSI. I explained to the GSIs that the 
UGTSs provide an extra set of hands in the laboratory, and first-hand experience participating in 
the specific course laboratory sessions. I explained that the UGTSs are not there to overshadow 
the GSI or fight for power, but rather to support the GSI and share some of the laboratory 
responsibilities so that the GSI has more time to interact with students and to teach the chemistry 
content. Additionally, having the UGTS in the room to answer student questions allows the GSI 
and UGTS to spend more time on each individual student in the laboratory compared to the 
standard laboratory model of 1 instructor per 30 students.  

Because the previously described course is only offered to new GSIs, I needed a way to 
present the program to GSIs who had taught in past semesters. I chose to present the program in 
the first GSI meeting of the semester for each of the chemistry courses. That way, the same 
message was presented to everyone involved.  In addition to introducing the program to the GSI 
population, informal observations were also conducted to ensure the GSI and UGTS relationship 
was evolving in a productive manner. Notes were taken regarding the types of questions students 
were asking, general levels of participation from all stakeholder groups, and mood of the lab 
session. These informal observations were conducted each subsequent semester. 

d. Participant Reception 

 Similarly to the pilot semester, UGTSs and undergraduates responded positively to the 
program. Because the population of UGTSs was larger than in the pilot semester, many more 
survey responses were collected than had been previously collected. UGTSs as well as 
undergraduates expressed similar sentiments.  

At this point in time, the program had gained more popularity and familiarity in the 
department among undergraduates. I received many survey responses from undergraduates in 
laboratory sections without Teacher-Scholars, expressing that they wished they had been able to 
have on in their lab, and they felt they were at a disadvantage by not having a Teacher-Scholar 
involved in their learning experience. The UGTSs’ first hand experience with the laboratory 
experiments proved to be an invaluable asset, and one of the biggest strengths of the program 
according to the undergraduates. Additionally, undergraduates who had Teacher-Scholars in their 
laboratory courses expressed that they felt more comfortable asking questions of their UGTS 
because the UGTSs were more relatable and were not as intimidating to the students as the GSIs. 
This theme would repeat itself in future semesters. 

Unlike the pilot semester, in the fall of 2013 I began to see overwhelmingly positive 
responses from GSIs involved in the program. Instead of feeling threatened or upstaged, the GSIs 
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were thankful that the UGTS had experience with the laboratory experiments. Specifically, the 
GSIs explained that the UGTSs were more efficient than they were at troubleshooting when 
things went wrong, and that they were aware of where things might go wrong in the lab and what 
students might find confusing. Additionally, GSIs expressed that they felt they had more time to 
interact with each of their students because they were sharing the load with the UGTS. GSIs who 
had taught previously without a UGTS expressed that they were more relaxed with a UGTS in 
their laboratory because they didn’t feel pulled in too many directions at once, and could take 
their time teaching. 

e. Participant Feedback 

 Post-semester surveys were administered once again to all participants that asked what 
they would change about the Teacher-Scholar Program to improve it for future semesters. 
Undergraduates, similarly to the pilot semester, expressed extreme satisfaction with the program 
and didn’t have many changes to make to the program. Undergraduates without UGTSs wished 
that every section could have a UGTS in the future and, similarly to the pilot semester, some 
undergraduates wished that their UGTS would hold office hours for students outside of their 
scheduled laboratory session because they found the UGTSs so helpful during the laboratory 
session. 
 UGTSs continued to ask for more laboratory-specific content preparation in the Teacher-
Scholar Pedagogy sessions. Additionally, UGTSs who had been involved in the pilot semester as 
well as the Fall 2013 semester asked for variation in the special topics presented in the sessions. 
At this point, we had repeated the same list of special topics both semesters.  
 As stated above, GSIs responded very positively this semester. GSIs without UGTSs 
heard from other GSIs that UGTS presence provided considerable benefits for undergraduates 
and for themselves as well (lightening the work-load and immediate demand for attention from 
30 students). As a result, GSIs who did not have UGTSs requested that they receive a UGTS in 
future semesters.  

f. Lessons Learned  

 It was comforting to see the program operate at full scale. Program stakeholders seemed 
satisfied with the program, and even wanted the program implemented at a larger scale. After 
receiving feedback from UGTSs this semester, it was clear that the syllabus for the Teacher-
Scholar pedagogy course needed to be more dynamic than a traditional course syllabus. Because 
UGTSs were able to participate as a Teacher-Scholar for more than one semester, they interacted 
with the same course content more than once. We needed to decide which topics were important 
to keep as a permanent piece of the course design so that all new UGTSs could be exposed to the 
material. It was also important, however, to have enough course session topic options so that 
repeating UGTSs remained engaged and continued to learn. 
 Additionally, it was important to understand when to delegate teaching to the UGTSs 
during the pedagogy course. UGTSs asked for increased chemistry content preparation during 
the weekly sessions, which proved to be a difficult request because so many different courses are 
taught by UGTSs. Reviewing any one of the courses would only be helpful for a small 
percentage of the UGTS population. A solution to this problem was to delegate the content 
review to the UGTS. Participating in small group content review was helpful for the UGTSs, and 
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was efficient for the course design. Each UGTS population was able to review material, and the 
time spent reviewing material was equally valuable for each UGTS course population. 

2.2.4 Spring 2014: Altered Recruitment and Chemistry Content Test Incorporation 
 At this point in time, two semesters of the Teacher-Scholar Program were complete, and 
we felt confident that I understood how the program was functioning within each of the courses. 
More students were recruited for the chemistry major courses and, in general, popularity was 
growing, as was undergraduate interest. During the academic holiday between the fall 2013 and 
spring 2014 semester I received many emails from undergraduates who had UGTSs in past 
laboratory courses, and wanted to know how to get involved as a UGTS in future semesters. GSI 
interest was high as well, and familiarity with the program was established among all 
stakeholders.  

a. UGTS Recruitment 

 In the past, GSIs were asked to recommend students who they thought might excel as a 
UGTS. This worked moderately well, but I worried that this method might have threatened 
diversity in our UGTS group. Because we asked for recommendations, I worried that only the 
enthusiastic and confident students would receive a recommendation, while the shyer, equally 
equipped student might not. To respond to this concern, an open online application was posted to 
each course’s online webpage. Additionally, announcements were made about the open 
application process during one of the last lectures of each course during the Fall 2013 semester. 
This way, undergraduates who were interested in becoming a UGTS could apply and application 
decisions could be made over the winter academic holiday.  
 The program received an overwhelming number of applications. One of the first factors 
used in the decision making process was past academic performance in the student’s past 
laboratory courses. The average laboratory course grade for each course was taken into account, 
and if the student fell below the average grade, they were not considered for a spot in the 
Teacher-Scholar Program. In most of the laboratory courses, the average is a B, so students with 
a C or lower were not considered. Next, the student’s course teaching preference order was 
considered. The applicants listed their first, second, and third choices on the application. If they 
only desired one course, they left the second and third choices blank. The only reason a student 
was not given their first choice course was if their schedule did not fit with any of the course’s 
laboratory sections, or if the course sections were already saturated with UGTSs. The final 
population of UGTSs was 90, which was larger than any previous semester. 

b. Iteration: Pedagogy Course 

Dynamic Pedagogy Syllabus 
 In the end-of-semester survey from the Fall 2013 semester, UGTSs asked for variation in 
the special topics presented in the Teacher-Scholar Pedagogy course. UGTSs who had 
participated in the pilot semester, and in the Fall 2013 semester, had experienced the same list of 
special topics twice. We hadn’t anticipated UGTSs participating for so many consecutive 
semesters, so we needed to develop new special topics to incorporate into future semesters. 
Certain topics were important for each new UGTS to experience, so those topics were kept each 
semester, but others were interchangeable. Topics such as role-play, worksheet writing, and 
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student misconceptions remained a permanent piece of the syllabus. New special topics 
incorporated into the Spring 2014 semester included a session on implicit bias, and a session 
exposing students to learning styles. 

Chemistry Content Test 
 A piece of feedback that UGTSs continued to provide was that they wanted more 
laboratory specific content test material incorporated into the weekly Teacher-Scholar pedagogy 
course sessions. UGTSs reported that they wished they were more prepared to teach students the 
laboratory specific content material, and that they felt they had forgotten some of the details in 
the time since they had taken the course. I decided to evaluate whether students were prepared to 
teach certain laboratory specific chemistry content material with a beginning and end-of-
semester content test. I used old laboratory final exams from each of the courses that UGTSs 
were assigned to teach, and administered the pre-semester content test on the first day of the 
Spring 2014 semester. Content exams were graded and the students’ pre-semester score was 
recorded. Then, during the last week of the semester, the students received the same exam again 
as the post-semester content test.  The students’ pre- and post- content test scores were compared 
to see (1) whether the students were initially prepared to teach the chemistry concepts necessary 
for each of the courses and (2) whether teaching these concepts to students over the course of the 
semester improved their content knowledge of the topics. To my surprise, the pre-semester 
content test scores mirrored the average in each course when the students took the test as a final 
exam, but the scores did not increase over time. In fact, the scores decreased from pre- to post- 
semester in all courses. The drop in score for each course was not significant, but was surprising 
considering my hypothesis that teaching the concepts would help to improve student content 
knowledge of concepts over time.  
 There was a flaw with this content knowledge evaluation that I later discovered. The flaw 
was students took the pre-semester test, and never received feedback about which concepts gave 
them trouble. The content tests were never returned to the student because the post-semester tests 
were identical, and student question memorization would not represent true content knowledge 
gain. It was my hope that exposure to the pre-semester test would alert the student to topics they 
found difficult and would provide a catalyst for the student to prepare and re-study those 
concepts. I was not correct in this assumption. This model would be changed the following 
semester. 

c. Participant Reception and Feedback 

 Undergraduate, UGTS, and GSI feedback was positive, as it was in the Fall 2013 
semester. GSIs did not give many comments for program improvement this semester. They 
merely expressed their satisfaction with having a UGTS in their laboratory sections. 
Undergraduates continued to express their satisfaction with the program and I continued to 
observe trends in their responses about their perceived differences between the GSI and UGTS. 
Undergraduates expressed that they viewed the UGTS as a peer, and as someone who has shared 
experiences. They used words to describe UGTSs such as “approachable”, “relaxed”, 
“comfortable”, “relatable”, “peer”, and “another Berkeley student”. It seemed very important to 
the undergraduates that there was another undergraduate in the room whom they could ask 
questions. They explained that they were more intimidated to ask the GSI questions when they 
were confused because they didn’t want the GSI to judge them, or give them a lower course 
grade.  
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 UGTSs began to express a desire to be able to present content to students in the pre-
laboratory lecture (this is a role that GSIs have in which they introduce the laboratory experiment 
to their students as well as concepts necessary for laboratory completion). Because this is 
traditionally a GSI role, it was important to leave the decision to share the lecture with the UGTS 
up to the GSI. Some GSIs chose to allow their UGTS to present a specific component of the pre-
lab lecture, or instruct students how to use a specific piece of machinery required for the lab. 
Some UGTSs did not feel comfortable in this role, and some thrived.  
 Another piece of feedback that began to emerge among UGTSs was that they wanted 
more structure to the weekly pedagogy sessions. Some students felt like discussion went on in an 
unstructured way for too long, and sometimes got off track. They wanted time to be accounted 
for more carefully in the weekly meetings.  Additionally, many UGTSs started to take the 
mandatory attendance policy in the weekly meetings as a suggestion, and missed many of the 
sessions. UGTSs who did attend all sessions were dissatisfied with the inconsistent attendance 
among their peers.  
 To address these suggestions, we re-announced our attendance policy to the UGTS 
population and created a cap on student absence. Sickness and a conflicting meetings or course 
review sessions were acceptable reasons to miss the evening session, but missing more than three 
sessions (especially without excused reason) reduced the UGTS’s course grade by a partial letter 
grade (an A changed to an A-; a B+ changed to a B, etc.). In addition to the attendance policy, 
there was a strict time cutoff added to each component of the weekly meeting agenda so that no 
discussions ran overtime, and the chance of discussion getting off track was minimized. 
 The final suggestion that UGTSs made was to receive feedback on their pre-semester 
content exam. They were frustrated that they couldn’t see their score, because they wanted to 
know which concepts they needed to review. 

d. Lessons Learned 

 The first lesson learned this semester concerned UGTS recruitment. Opening the 
recruitment process to all undergraduate courses allowed us to attract a much more diverse group 
of UGTSs than I had recruited for the past two semesters. If I had not been conscious and critical 
of the program’s UGTS population, I would not have realized that we were only attracting a 
certain population of extroverted and enthusiastic students. Eliminating the recommendation 
process allowed us to recruit UGTSs of all personality types, and allowed us to include all 
qualified participants, whether or not they were chosen by a past GSI. 
 The second lesson I learned this semester was that feedback was required for the UGTSs 
to have any chance of improvement on the content exams. Exposure to the content areas alone 
was not enough for UGTSs to understand what they needed to study. I had hoped that the pre-
semester content exam would prime the UGTSs to realize what concepts they needed to review, 
but in retrospect, that may have been asking too much of undergraduate students who may have 
only recently been exposed to that material in their own courses. 
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2.2.5 Fall 2014: Chemistry Content Test – Topic Feedback Incorporation  
 In the fall of 2014, the final changes were incorporated into the program structure. A 
ceiling effect was emerging in survey responses from program participants, and most feedback 
had already been incorporated if incorporation was possible. The final changes seemed like they 
would put the program in a replicable format for future semesters (with the only necessary 
changes being introduction of new and interesting special topics, when necessary).  

a. UGTS Recruitment 

 There were no changes made to UGTS recruitment. We kept the online application 
process consistent from the spring of 2014, and it was equally successful in recruitment. 

b. Iteration: Pedagogy Course 

Chemistry Content Test Topic Feedback 
 One of the biggest pieces of feedback from the spring 2014 semester was that students 
wanted feedback on their chemistry content exams, so they would understand what to review 
before going into the lab to teach. Because we used the same exam pre- and post- semester, we 
couldn’t return the physical exam, because we were concerned students would be too interested 
in obtaining a perfect score and memorize answers, rather than keeping self improvement and 
content understanding as the ultimate goal. So, we combatted this by giving students what we 
called “topic specific feedback”. We categorized each problem on the content exam by chemistry 
topic (ex: acid-base, stoichiometry, redox, Diels-Alder, etc.) and then scored each problem. The 
student received a list of topics and the percentage of correct problems they solved within each 
category. That way, a student could understand that they struggle in certain topic areas without 
giving them the specific exam problems. This wasn’t perfect feedback, as students didn’t always 
remember how they had initially solved the problem, so they couldn’t pinpoint exact ways in 
which they were incorrect versus correct, but it did help to point students in the correct direction 
for studying. Students were moderately satisfied with this improvement. Unfortunately, the 
incorporation of feedback did not improve content exam scores. From the beginning to the end of 
the semester, scored continued to drop. Anecdotally, UGTSs reported increases in course content 
knowledge and solidification of once-confusing concepts after teaching them, so this 
contradiction was confusing. This required reevaluation of the content exam process. 

c. Participant Feedback 

 At this point in the program development, feedback among populations remained 
consistent, and positive. UGTSs still wanted more variation in special topics, but it was difficult 
to accommodate with some UGTSs returning for the fourth or fifth semester, and some UGTSs 
starting off in their first semester. Students who chose to repeat the program this many times 
needed to experience some repeated topics so that the new UGTSs could experience the topics 
for the first time.  
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d. Lessons Learned 

 Anecdotally, UGTSs expressed an increase in chemistry content knowledge over the 
course of the semester. Additionally undergraduates enrolled in courses with UGTSs and GSIs in 
laboratory sessions with UGTS all reported that UGTSs were knowledgeable, and able to 
effectively teach chemistry content. It does not follow that their content scores would decrease 
over time. Although I had initially believed that feedback would allow UGTSs to understand 
their weak areas and better prepare for them, that was not what occurred. I needed to continue to 
search for a solution to this anomaly. The lesson I learned this semester was that a solution that 
seems simple might not be so simple. In order to design an effective program, one must continue 
to troubleshoot until the issue is well understood. 

2.2.6 Spring 2015: Improved Chemistry Content Test and Small Group 
Incorporation 

a. Participant Recruitment 

The program has become more popular over time, and UGTSs have applied to return for 
one or more semesters after their first experience as a UGTS. The following table shows the 
percentage of UGTSs who are new (first semester as a UGTS), returning one time (second 
semester as a UGTS), or returning two or more times over the past two academic years. The 
increasing percentage of returning UGTSs over time illustrates the program’s increasing 
popularity. Although data was collected during the fall of 2015, Table 5 illustrates the program’s 
growing popularity even after data collection, and into current semesters. 
 
Table 5. Percentage of new and returning UGTSs from a sample academic year (data collected 
fall 2015) 
 

 New Returning 1 time Returning 2+ times 

Fall 2015 (n=124) 79% 15% 6% 

Spring 2016 (n=68) 53% 43% 4% 

Fall 2016 (n=123) 71% 13% 16% 

Spring 2017 (n=107) 44% 39% 17% 
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b. Iteration: Pedagogy Course 

Improved Chemistry Content Test 
Reflecting on observations I had performed during the past three semesters (informal, for 

surveying and information gathering only), I realized that, although the content tests we 
administered to UGTSs were covering the correct content for each course, they were not testing 
the content in a way that we could have expected to improve. When a UGTS teaches a course, 
they are not asked questions of students that are worded in the ways they are worded on an exam. 
Instead, students ask comprehension questions, interpretation questions, or cause and effect 
questions. These types of questions still cover the same topic areas, but cover them in a different 
way than we were asking on the original content exams. The original exam tested a UGTSs 
ability to solve student exam problems, while the new content exam asked the UGTS to apply 
those concepts to a laboratory setting, and troubleshoot alternative outcomes to known concepts. 
We decided we needed to rewrite portions of the exams to include questions that the UGTSs 
would expect to encounter in the laboratory. We used real student questions that occurred in the 
laboratory sessions in which I performed observations, and created analogous questions for the 
other courses. An example of one of the rewritten content exam questions is shown below.  

 
Original Question:  
The nicotine molecule is shown below along with pKb for each N atom.  
 

 
A sample of nicotine is titrated with 0.10 M HCl solution. Which graph below best represents the 
titration curve? (Note. The dotted line corresponds to pH 7.) 

 
 
Modified Question:  
A student who has just titrated a weak acid approaches you in lab and says, “I calculated the pH 
of the equivalence point and it wasn’t 7. How is that possible? I thought it always had to be 7.” 
How do you explain this phenomenon to your student?" 
 

Our goal with this question was to test UGTSs’ knowledge of weak acid/base titrations in 
which the equivalence point occurs at a pH that is not 7. Students often learn about strong acid 
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and base titrations first, because they are straightforward with an equivalence point of 7. So, the 
titration of a weak acid base requires them to understand a new titration situation, and explain on 
a molecular level the factors that influence pH. In our original question, we presented the 
students with a series of pH curves, and asked them to indicate which pH curve corresponded to 
the titration of nicotine (a weak base) with HCl (a strong acid). Students generally performed 
poorly on this question. When we modified the question to reflect a question they would be 
asked by one of their students during a lab session, they were able to answer the question and 
explain their reasoning with a high level of accuracy. Although these two questions test the same 
concept, they do so in different ways. This suggests that content knowledge is reinforced in 
UGTSs as they teach students, but the context of the content knowledge is important in testing 
the performance of the population. 

With this new content exam format, the pre- semester to post- semester scores saw a 
significant increase for all but one course (which still showed an increase, but not statistically 
significant). This was successful in illustrating the gains in content knowledge that UGTSs 
reported in their survey responses. Our original content test was not testing what we meant to be 
testing, and so alteration was necessary. As with the previous content exam, we provided topic 
feedback for each UGTS. 

Small Group Assignments with Master UGTSs 
Another change that we made had to do with the structure of the pedagogy course. 

Taking attendance for 80-100 people each semester, without having it take a significant amount 
of time, proved impossible. While still wanting to keep track of attendance, we needed a way to 
delegate this task. At this point, there were UGTSs who had been a part of the Teacher-Scholar 
Program since our pilot semester and were still participating. We chose to use those UGTSs as 
“Master Teacher Scholars”. Each course (Chem 1A, Chem 1AL, etc.) was split into many 
subgroups of four to five students, one of which was a Master UGTS. The Master UGTS was 
responsible for taking attendance each week for their group, for leading small group discussions 
when necessary, and for catching up students in their small group who had to miss a session. 
This delegation helped to make the weekly session run more efficiently, and made enforcement 
of the attendance policy reliable. Students seemed to like this shift, and the Master UGTSs liked 
the ‘promotion’ in role.  

c. Lessons Learned 

 The biggest lesson we learned this semester was regarding the content exams. For the 
past three semesters I tested UGTSs on content that was relevant to the course. I thought it was 
logical to use a past final exam as a content exam because that type of exam would cover most of 
the content covered in the course, and would comprehensively test the UGTSs’ knowledge. 
Although the content covered in these exams was indeed covered in the courses that UGTSs 
were assigned to teach, the way the exam asked questions was not representative of the way 
UGTSs were tested on a daily basis. Never in a laboratory session were they asked final exam 
questions. Instead, they were asked questions about interpretation of results, about 
troubleshooting, about equipment usage, and about the connection of the conceptual to the 
physical. The tests I had distributed to the UGTSs measured content that they had known when 
they were students in the course, and measured their natural decline of final-exam-type 
knowledge over time. When I altered the exam to more accurately reflect the types of questions 
UGTSs were asked in the laboratory, the content scores increased over time. This supported my 
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initial hypothesis that teaching would improve the UGTSs’ ability to explain content knowledge 
over time. 
 At this point in the program evolution, we had responded to almost all of the recurring 
stakeholder suggestions by incorporating student feedback into subsequent semesters, and had 
modified the program to best fit the needs of everyone involved. Additionally, we had adjusted 
the chemistry content component of the pedagogy course based on UGTS content learning 
findings. The following semester – fall 2015 – would be the semester in which data collection 
would occur.  
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3  Establishing Common Ground and Addressing the Literature 
Gap  
 

3.1 Motivation 
 As discussed in chapter one, it is agreed upon in the literature that peer learning is 
beneficial for both content learning and attitudinal (Bulte, 2007; Duncan et al., 2000, Hall et al., 
2014; Sawyer et al., 2013; Singh, 2010; Smith, 2008; Ten Cate & Durning, 2007; Topping, 2005, 
Weaver et al., 2006). There is evidence in medical education literature that near-peer instructors 
produce these gains to an even greater degree than non near-peer instructors (Bulte, 2007; Hall et 
al., 2014; Singh, 2010, Ten Cate & Durning, 2007). There is, however, very little real-time 
evidence used to support these claims. Post-experience, survey and interview data is the main 
support for these conclusions with little evidence of real-time differences. This lack of evidence 
provides an ideal opportunity to study whether these perceived differences between near-peer 
and non near-peer instructors are grounded in real-time interaction differences, or whether these 
perceived differences are perceived without interaction differences in real-time. The 
Undergraduate Teacher-Scholar Program provides the ideal environment to address this gap in 
the literature. Placing a near-peer instructor in the same learning environment as a non-near-peer 
instructor, with similar roles, and with the same population of students has allowed me to study 
the differences between these two types of instructors in a controlled environment. 
Characteristics of the student population do not change within a given laboratory section and 
therefore, the only differences will be due to the instructor type. Additionally, I can study student 
conversations using discourse analysis to attempt to learn more about how the student-reported, 
affective benefits arise. I can identify differences between student-UGTS and student-GSI 
discourse, and whether these differences influence students’ attitudes, motivation, or comfort 
level in the learning environment, which are all benefits that students report in peer learning 
environments. 
 

3.2 Dissertation Scope 
 My dissertation will study and compare the interactions that occur between students and 
UGTSs and between students and GSIs. This will allow me to a) gain insight into the real time 
factors contributing to the affective benefits reported in the past peer learning literature b) 
compare the student interactions with UGTSs and GSIs to identify real time difference between 
near-peer and non near-peer instructors in the peer learning environment. It is not my purpose to 
argue that the Undergraduate Teacher-Scholar Program is superior to peer learning programs 
designed in the past. Instead, it is my goal to propose, and test, a new method of analysis to add 
to the literature on the benefits of peer learning. Listening to audio data has allowed me to 
understand real-time factors that may contribute to increased affective and content learning 
benefits by students, and also by peer instructors.  

Although the Undergraduate Teacher-Scholar Program encompasses general and organic 
chemistry over eight different courses and includes both laboratory and discussion sections, I 
have chosen to focus on introductory general chemistry laboratory sections for non-chemistry 
majors (Chemistry 1AL). I decided to do this for two reasons. First, it is the largest course in 
which the UGTSs operate, so my sample size was maximized. Second, prior studies have used 
introductory general chemistry sections in their analysis, so I chose an analogous course to build 
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off of the existing literature. A third reason to focus on general chemistry is that near-peer role 
modeling may occur to a greater degree, and be more helpful to students, when students are new 
to their environment and would benefit from a peer who can provide advice, and also when GSIs 
are new to their environment. Inserting a near-peer instructor into the vertical learning 
community may help both the GSI and the undergraduates adjust faster to their surroundings, 
and provide assistance on multiple levels. The data collection occurred during the fall 2015 
semester. The fall semester is when students typically enroll in Chemistry 1AL, so collecting 
data during the fall would allow me to study the most representative general chemistry 
population sample. Later, in the spring of 2017, I collected a small sample of audio data from 
Chemistry 112B (second semester organic chemistry for chemistry majors). This data set will 
serve as a small, qualitative comparison to the larger data set collected in Chemistry 1AL. It will 
help to uncover whether there are any major differences when the course level and student 
population (chemistry major versus non-chemistry major) changes.  

 

3.3 Research Questions: 
1) What are the macro-level, real-time differences between near-peer and non near-peer 

instructors in the undergraduate chemistry peer learning environment that may contribute 
to the perceived differences shown in medical education literature? 

a. Are the topics that GSIs talk about with students different than those topics talked 
about by UGTSs?  

b. Is there a difference in interaction time or distribution of interaction time between 
GSIs and UGTSs? 

c. Does Chemistry 112B follow the same pattern as Chemistry 1AL?  
2) How does discourse differ in specific student interactions with UGTSs compared to 

student interactions with GSIs? 
a. How does the approach to answering concept-related questions differ between 

UGTSs and GSIs in Chemistry 1AL? In Chemistry 112B? 
b. Are the opportunities to teach approached differently by UGTSs compared to 

GSIs?  
 

3.4 Establishing Positive Outcomes 
 In the first stage of data collection, before I began my analysis of student-instructor 
discourse, I investigated whether the Undergraduate Teacher-Scholar Program mirrors benefits 
that are reported from the many other peer learning programs in operation today. Ideally, the 
Undergraduate Teacher-Scholar Program would match the student and instructor reported 
benefits that exist in the literature to date, and provide the platform to add a new analysis method 
to the current body of literature to gain better insight into the conversations happening in the 
environment. Because the majority of studies use surveys, interviews, and focus groups to 
support their findings, I administered these data collection tools and ask questions similar to 
those reported in the literature. As mentioned previously, nearly all peer learning programs 
report student content learning gains, improved student attitudes about course content, increased 
motivation to learn course content, higher comfort level admitting confusion to the instructor, 
and greater satisfaction with the learning experience.  
 Participants in this portion of the study were undergraduate students enrolled in 
Chemistry 1AL and undergraduate students participating as UGTSs in Chemistry 1AL. The 
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students enrolled in Chemistry 1AL are typically biological science majors, engineering majors, 
undecided majors, or pre-health. The course functions as a prerequisite for advanced chemistry 
courses for non-majors, for biology courses, and for many engineering courses. The majority of 
students enrolled in Chemistry 1AL are freshmen, although the course does contain a smaller 
group of upperclassmen and returning students. The UGTSs teaching Chemistry 1AL cover a 
range of ages and years in school, from second semester freshmen to seniors. As long as the 
student completed Chemistry 1AL successfully in the past, they are eligible to apply to be a 
UGTS for the course. The UGTSs come from a variety of majors including chemistry, biological 
sciences, engineering, natural sciences, English, and mathematics. GSIs involved in the study 
were mostly first year GSIs, meaning this was their first time teaching at UC Berkeley. There 
were, however, some GSIs who were returning teachers. 
 

3.4.1 Surveys 
 I administered surveys to confirm that our new peer learning program produced similar 
student perceived benefits to the existing peer learning literature. The majority of existing studies 
administer surveys and interviews to students after the peer learning experience has ended. 
Some, but not all of the existing studies also administer surveys to the peer instructors (Weaver 
et al., 2006). Since our program is unique in structure (more than one type of peer instructor at 
the same time), I gathered many pieces of information in order to understand how the program 
functions from the viewpoint of each tier of the vertical community of scholars. Table 6 shows 
the data collection methods used over the course of the fall 2015 semester. Please see 
Appendices III-V for survey templates. Students enrolled in chemistry 1AL were offered one 
point of extra credit for completing the survey, and UGTSs were instructed to complete the 
survey as a part of the Undergraduate Teacher-Scholar Program requirements. All surveys were 
approved by the UC Berkeley Committee for Protection of Human Subjects (CPHS) and students 
were given an alternative assignment for the extra credit point if they felt uncomfortable 
completing the survey. 
 
Table 6. Data collected during the fall 2015 semester  
 

 Pre-
Semester 
Survey 

Post-
Semester 
Survey 

Post-
Semester 
Interview 

Post-
Semester 

Focus 
Group 

Student  X X * 
UGTS X X X X 
GSI  X X * 

 
*indicates that subjects were invited to participate, but declined  
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3.4.2 Survey Data Analysis 
When writing the surveys, I attempted to include a variety of questions that were 

intended to measure whether the Undergraduate Teacher-Scholar Program produced similar 
benefits to those reported by other peer learning programs in the literature. Such questions 
measured satisfaction with the Undergraduate Teacher-Scholar Program, investigated the 
different types of interactions the students had with their peer instructor, and uncovered the 
perceived differences between the roles of the GSI and UGTS. After analyzing the survey 
responses (students, UGTSs, and GSIs), we found that our program does, indeed, produce 
perceived affective and content learning benefits similar to those reported in the literature. 
Survey response rates were 34% for GSIs, 56% for UGTSs, and 86% for undergraduate students. 

a. Program Satisfaction and Unique Contributions of UGTSs 

Overall, all participants (GSIs, UGTSs, and students) expressed a high level of 
satisfaction with the program. Over the course of four semesters (Spring 2015, Fall 2015, Spring 
2016, Fall 2016), 100% of UGTSs, 97% of students (all survey respondents, all courses 
combined, n=3124), and 100% of GSIs reported that they would like the program to continue. 
 

GSIs 
 Preliminary analysis of survey results showed overwhelmingly positive reception of the 
Undergraduate Teacher-Scholar Program by all participants. GSIs appreciated the extra help in 
lab, especially from someone who had recently participated in the same labs that they were now 
teaching. Because most GSIs teaching Chemistry 1AL are first year graduate students, they are 
unfamiliar with the lab experiments, have not used the same laboratory equipment, and have not 
had to troubleshoot the issues that typically surface. They appreciated how quickly the UGTSs 
recognized issues in student results and knew how to solve them. 

Now that the Teacher-Scholar Program had been in operation for three years, it had 
become expected by GSIs that they would have a UGTS in their lab section. The role of the GSI 
and UGTS seemed to be better understood and the reception by GSIs was overwhelmingly 
positive at this point. There were a select few times that we did not have enough UGTSs to fill 
all of the laboratory sections in a given course. During those times, I received emails from those 
GSIs without UGTSs begging me to place one in their section because they wanted the extra 
help. When we asked GSIs for their feedback about the program, we received quotes such as 
these shown below. We received no negative comments from the GSIs. 

 
“Make sure everyone teaching lab has a UGTS. Several students did not have lab UGTSs, while 
other students did have UGTSs in their labs and discussions. Lab is really important to have 
UGTSs.” 
 
“Some students were more confident to ask the Teacher-Scholar rather than me.” 
 
“[UGTSs were] Very helpful, answered questions, or helped if someone was stuck or had a hard 
time finishing.” 
 
GSIs from my control group were upset by their lack of UGTS in the laboratory, and expressed 
that frustration in the survey. 
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“I suppose it's good to have a control group for a study, but it was kind of annoying not having a 
Teacher-Scholar then constantly having the instructors telling us all of the helpful things our 
Teacher-Scholars could do for us. It felt really insulting, especially when I was overwhelmed 
teaching labs in the beginning of the semester.” 
 

Students 
Similar to GSIs, the students also expressed positive feelings about the Undergraduate 

Teacher-Scholar Program. When asked whether they would like the Undergraduate Teacher-
Scholar Program to continue in future semesters, 97% of students said yes. When asked to 
elaborate, students expressed appreciation that they were able to have someone teaching them 
who understood the difficulties they were facing as an undergraduate, and who could give 
specific advice about their academic futures. Shared experience seemed to be an important factor 
to undergraduate students. Selected quotes illustrating student satisfaction with the program can 
be seen below: 

 
“It gives students mentors that are more approachable and easier to connect with and feel more 
comfortable with asking questions” 
 
“I found having so many people to turn to when I have questions a very useful and almost 
luxurious resource. The fact that Teacher-Scholars are more equal in age to me also helped me 
talk with less inhibition.” 
 
“I really liked having them in class with us!” 
 
“I found it extremely beneficial to my learning.” 
 
“I not only learned about chemistry, but also about my teacher-scholar's experiences with 
chemistry - what he found hard, what he found easy, and strategies he found helpful in learning 
chemistry” 
 
“It brings in a teacher who is also a peer. While most GSIs did not attend undergraduate UC 
Berkeley, the teacher scholars are easier to identify with and sometimes more approachable.” 
 
 “More recent experience of what it's like to be a student – [UGTS] was able to talk to us about 
when she was in 112A and 112B to give a more relatable answer.” 
 

I also asked students whom they would approach (GSI, UGTS, peer, or no one), and in 
what order they would approach them (first, second, third, never) to ask specific types of 
questions.  This question was intended to help me understand real time interaction decisions 
being made by students. The survey question is shown below in Figure 4. 
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Fig 4. Survey question asking students whom they would approach, in which order, to ask 
certain types of questions in the laboratory 

 
Students indicated in the comments to this question that, for content questions, equipment 

questions, and procedure questions, they would approach the GSI first and the UGTS second, but 
with very little difference between the two choices. Both of these populations were chosen 
before the peer. In the comments, however, students indicated that they would ask whoever was 
closest to them in the laboratory, rather than ask instructors in any given hierarchy. For grading 
questions, students indicated overwhelmingly that they would approach the GSI first, which is 
logical since the UGTSs were not permitted to grade. The students who did not have a UGTS in 
their lab section seemed to shift the focus of the content, equipment and procedure questions 
over to the GSI, instead of sharing a preference for GSIs and UGTSs. Table 7 illustrates these 
results below. Percentages do not add to 100% for each category because students were 
permitted to choose for than one instructor type as “first” for each category if they would 
approach more than one with the same priority. 
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Table 7. Survey results indicating whom students report they would approach first given the 
following categories of questions; data represents responses from 1906 students who completed 
the survey from all courses with UGTSs 

 
With UGTS GSI UGTS Peer 
Content 61% 58% 33% 
Equipment 59% 55% 25% 
Procedure 52% 52% 36% 
Grading 92% 3% 6% 
Life 4% 41% 43% 
Without UGTS GSI UGTS Peer 
Content 64% - 32% 
Equipment 65% - 30% 
Procedure 60% - 43% 
Grading 94% - 5% 
Life 3% - 68% 

 
An interesting result was uncovered when I asked students whom they would approach to 

ask life questions. These questions were related to life at Berkeley, which classes to take, how to 
get involved in research, etc. These are all things the UGTS would have experience with that 
students could ask advice about, but that were not related to course content. Students who had a 
UGTS in their lab section indicated that they would approach UGTSs first to ask life questions at 
approximately the same percentage as a peer. Students without a UGTS in their lab section only 
indicated that they would approach a peer to ask these types of questions. The GSI did not fill 
that role in lab sections without UGTSs. This suggests that UGTS possesses a quality that cannot 
be replaced by the GSI. 

When I asked students to describe the unique benefits that the UGTS brings to the 
laboratory, 70% students mentioned that they felt the UGTS was much more approachable than 
the GSI. In addition, 68% of the students said that they were much more comfortable admitting 
that they were confused to the UGTS because the UGTS was not able grade them, so there were 
no consequences or judgment associated with their confusion. Hall et al.’s (2014) research on 
near peer instruction suggests that shared experiences, closeness in age, and a shared label 
(undergraduate) are a large factor in students’ willingness to ask these types of questions in lab 
and may help students to view the UGTSs as more approachable. 

 

UGTSs 
 UGTSs were the only population I surveyed pre- and post-semester. This allowed me to 
evaluate changes in content knowledge for the UGTSs, comfort levels performing certain tasks 
or teaching duties, and get suggestions for special topics to cover in the pedagogy class sessions. 
Because the program is so new at UC Berkeley, I need to justify that the program benefits 
students for it to continue as a course offered in the College of Chemistry. In addition to survey 
questions that related directly to my research questions, there were also questions intended to 
help shape and develop the program as a whole for future semesters. 
 I asked UGTSs to rate their comfort level with certain pedagogical and interpersonal 
abilities at the beginning of the semester and end of the semester. At the end of the semester, I 
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asked them to indicate which ability they feel improved the most over the course of their 
semester as a UGTS. The most common answers to this question were “ability to design good 
chemistry questions for students” (23%), “ability to guide students through a question without 
giving away the answer” (27%), “ability to explain chemistry concepts and techniques” (27%), 
“increased chemistry content understanding” (10%), and “feelings of belonging at Berkeley” 
(12%). Similar to student responses, UGTSs felt overwhelmingly positive about the program. 
Representative quotes are shown below. 
 
“The most helpful aspect of the program was reinforcing the material that I learned.  When I 
took the class, I thought I had a good understanding of the concepts.  Teaching the material, 
however, requires a whole different level of understanding.” 
 
“The program gave me a purpose. I was able to share my knowledge and my experiences with 
my peers.” 
 
“I learned how to guide students to the correct way of understanding without telling them the 
answer. At first this was difficult, but became fun over time.” 
 

b. Do Program Goals Match Perceived UGTS Roles? 

Based on the benefits reported in the literature, and our own desired outcomes in the 
laboratory sessions at UC Berkeley, we created a list of desired roles for the UGTSs. We believe 
that three of the main goals of the laboratory are conceptual learning, instrument use, and 
interpretation of results. We expected that the UGTSs would be contributing to these goals in the 
laboratory section. There remain certain roles that are performed by the GSI only, including 
grading, leading the lab or discussion section, and enforcing dress code and safety. Additionally, 
the UGTS has the unique benefit of having previously participated as a student in the laboratory 
that they are now teaching. The pitfalls, equipment difficulties, and tips for success remain fresh 
in their mind, while the GSIs have typically never been a student in these labs and sometimes 
have never taught them. Therefore, we decided that the ideal roles for a UGTS are: 

1. Providing information 
2. Acting as a role model 
3. Facilitating the use of equipment and instruments 
4. Helping to monitor safety 
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At the end of the semester, I surveyed students who had UGTSs in their laboratories and 
asked them, “Which of the following did your UGTS do this semester? (Please select all that 
apply.)” 

o Provided information 
o Acted as a role-model 
o Graded student work 
o Facilitated discussion 
o Created course resources 
o Planned lab activities 
o Monitored safety procedures 
o Supervised the use of class instruments 
o Other (please specify in comment box) 

 
The students were allowed to choose all that applied. I hoped that no one would choose 

“graded student work” because the GSI is the only one authorized to grade, and I predicted very 
few students would choose “planned lab activities”. When I analyzed survey data from both 
major and non-major courses, as well as the UGTSs themselves, I found that almost all students 
and UGTSs answered according to my predictions. Table 8 represents these findings. To 
calculate the following percentages, the number of students from each course that chose each of 
the following options was totaled, and then the average was taken of all courses within a given 
category (majors, non-majors, UGTSs) to produce the percentage shown in the table below. 
 
Table 8. Student (Chemistry 1AL, 3AL, 3BL, 4A, 112A) and UGTS survey response; “Which of 
the following did your UGTS do this semester? (Please select all that apply.)”  

 

 Majors (4A, 
112A) 

Non-Majors 
(1AL, 3AL, 3BL) UGTSs 

Provided information* 95% 95% 100% 
Acted as a role model* 75% 65% 90% 
Graded student work 5% 10% 5% 
Facilitated discussion 65% 45% 70% 
Created course resources 20% 5% 35% 
Planned lab activities 25% 15% 10% 
Monitored safety procedures* 90% 85% 75% 
Supervised the use of class instruments* 90% 90% 70% 

*indicates the roles we hoped the UGTS would embody 
 
 The above data suggests that students’ perception of the UGTSs’ roles are similar to the 

UGTSs’ perceptions of their own roles. Similarly, the four ideal roles that I hoped that the 
UGTSs would fulfill matched with the four categories the students and UGTSs chose at the 
highest percentages (provided information, acted as a role model, monitored safety procedures, 
and supervised the use of class instruments). 
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c. Perceived Role of UGTS compared to GSI 

When UGTSs were asked to compare their role to that of their GSI, 82% of UGTSs 
expressed that they felt their role was the same as their GSI with the exception of grading and 
giving the pre-lab lecture, and 50% of UGTSs felt their duties pertained to 
equipment/instrumentation, lab inventory, and helping the students with troubleshooting while 
the GSIs were in charge of course policy, grading and more theoretical conceptual questions. 

When GSIs were asked how their role differed from their UGTS’s role, 54% of the GSIs 
who responded from all courses expressed that they believed students chose to ask them 
theoretical questions and chose to ask the UGTSs more practical, hands on questions that could 
be applied immediately in the lab. An additional 25% mentioned that, in addition to asking the 
UGTSs practical questions, the students also asked the UGTSs about equipment and 
instrumentation used in lab, while the students asked the GSIs about grading and course policy. 
Otherwise, the GSIs thought that their role was the same as that of the UGTS. 

When students were asked how they thought their GSI’s role differed from their UGTS’s 
role, 78% of students reported that they thought their roles were the same with the exception of 
grading and the pre-lab lecture, 6% of student thought that their UGTS’s role did not differ at all 
from their GSI’s role, and 16% of students said their UGTS had a fundamentally different role 
than their GSI. When this population of students were asked to elaborate on how their UGTS’s 
role differed from their GSI’s, they expressed that they either thought their UGTS taught and 
worked through problems and troubleshooting with them, and their GSI was just there to provide 
procedural information and grading help, or that their UGTS was most helpful with helping 
students to understand how to operate equipment, and the GSI was in charge of content based 
information.  

3.4.3 Interviews and Focus Groups 
 I used interviews and focus groups to qualitatively probe UGTS, student, and GSI 
perceptions of the Undergraduate Teacher-Scholar Program and student interactions with their 
UGTS and with their GSI. I used these sessions to elaborate on the survey data I collected, and to 
probe the nature of the interactions within the vertical community of scholars. I wanted to see 
whether there were any interactions or perceived differences in instructor roles that I was 
unaware of by looking at surveys alone.  
 Interviews and focus groups were conducted during the last week of class during the fall 
2015 semester. I offered food as an incentive to attend. I held two large focus groups of UGTSs, 
one with fifteen UGTSs and the other with eight UGTSs. UGTSs from all courses attended these 
focus groups, but Chemistry 1AL accounted for about half of the focus group participants. In 
addition, I was able to hold individual interviews with two Chemistry 1AL UGTSs who were 
unable to attend the focus group session. Because there was no extra credit point associated with 
the interviews or focus groups, students were resistant to volunteer. I was, however, able to 
interview six Chemistry 1AL students about their experiences with the Undergraduate Teacher-
Scholar Program. I was able to interview three Chemistry 1AL GSIs. All focus groups and 
interviews were audio recorded and one of my undergraduate researchers took notes in real time. 
After the focus groups and interviews occurred, I reviewed the audio recordings along with 
corresponding notes and began to tally the number of UGTSs, students, and GSIs who mentioned 
certain themes or expressed similar opinions. This gave me an indication of the distribution of 
stakeholder opinions and reactions to the program. 
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3.4.4 Interview and Focus Group Data Analysis 
 Based on my quantitative results, I designed interview and focus group protocols to help 
me understand the differences that exist in student interactions with GSIs compared to UGTSs, 
and to try to uncover the mechanism for the affective and content related benefits described in 
the peer learning literature.  
 I began the UGTS focus groups and interviews with a broad question about how they 
enjoyed their experiences in the Undergraduate Teacher-Scholar Program. They expressed to me 
that it was the highlight of their experience as an undergraduate. It gave them a sense of mastery 
of the material and gave them a sense of purpose – to help their fellow peers. Many explained to 
me that it was difficult for them to find a sense of belonging at such a highly competitive 
university, and the Undergraduate Teacher-Scholar Program was able to provide that for them. 
When I asked them how they felt their role differed from that of their GSI, they said they didn’t 
think it was different (with the exception of grading).  I asked whether they felt students used 
them in a different way than they used the GSI and they told me that students tended to approach 
them for more than just questions about the laboratory. Many reported being asked questions 
about which courses to take, how to get involved with research, and how to become a UGTS 
themselves. The UGTSs sensed that the students felt more comfortable and relaxed when 
interacting with them because there wasn’t the same sense of evaluation that there was between 
the student and GSI. This feeling is supported by the student answers shown above. 
 Student interviews illustrated perceived differences between the UGTS and GSI. Similar 
to their surveys, students frequently mentioned that the UGTS was more approachable than the 
GSI because they had just been through the same courses themselves, so they understood what 
parts would be confusing to a student. The students told me that they were more comfortable 
admitting they were confused in front of the UGTS. When probed, they explained that they 
didn’t want to look stupid in front of an authority figure, especially one that was in charge of 
grading them. Many students also explained that their UGTS was able to explain concepts in a 
way that made more sense to them. When I probed, they explained that the UGTS used language 
that they were used to instead of “science language”. I asked if they perceived a difference in 
their UGTS’s role compared to their GSI’s role. They explained that the main differences were 
that the GSI was in charge of grading and lecturing and the UGTS was not. But, otherwise, they 
were very similar in their roles. Students felt overwhelmingly positive about the presence of a 
UGTS in their lab section. 
 GSI interviews aligned closely with their survey question responses. GSIs felt that the 
UGTSs were instrumental to helping the lab run smoothly and mentioned that the UGTSs’ past 
experiences with the labs prepared them to be the expert in troubleshooting when things went 
wrong. Additionally, many GSIs expressed that they had not interacted with the same types of 
equipment at their undergraduate institutions, and so the UGTS became the go-to instructor for 
the equipment. When asked how their role differed from the UGTS, they explained that they 
were more responsible for theoretical, conceptual questions and course policy, whereas the 
UGTS was the go-to for real time practical questions, equipment management, and checking in 
with students to make sure they are on the right track. All GSIs that participated in interviews 
were enthusiastic about having a UGTS in their labs again in future semesters. 

Select conversations with faculty members indicate they are satisfied with the Teacher-
Scholar Program. One faculty member mentioned that he was pleased that course satisfaction 
ratings were very positive in response to having Teacher-Scholars in their laboratory. Another 
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faculty member mentioned that he was pleased that the Teacher-Scholar Program required no 
additional work from him to implement. 

 

3.5 Conclusions 
 There is a clear gap in the literature when it comes to real-time data. Before I could begin 
to investigate whether real-time differences exist between near-peer and non near-peer 
instructors, and what those differences are, I needed to make sure that my program was in 
agreement with the existing literature on peer learning. Because the existing literature uses 
survey, interview, and focus group data as primary support for their findings, I needed to use 
those same methods to see if my results were consistent. I wanted to make sure my new program 
was showing the same perceived benefits of peer learning, and the same amplified benefits of 
being taught by a near-peer instructor. Only when I had accomplished this task could I begin to 
start filling in the real-time gaps.  
 The results from my survey, interview, and focus group data overwhelmingly support the 
literature finding that peer learning is beneficial to both the student learner and the peer 
instructor. 100% of UGTSs and GSIs and 99% of students over an entire academic year, 
including eight courses (both majors and non-majors) wanted the program to continue. Students 
reported feeling more comfortable being wrong in front of the near-peer instructor, expressed 
appreciation for having a peer instructor who had recently completed the same courses at the 
same university, and kept returning to these themes of ‘relatability’ and ‘comfort’. It was clear 
from their survey, as well as their focus group and interview responses, that they felt there was a 
difference in perception between the GSI and UGTS, but reported that they did not interpret their 
assigned classroom roles to be different. To me, this is an important distinction. If students had 
expressed that they thought the GSI and UGTS were assigned to fundamentally different roles, 
the comparisons would be less direct between the two parties. Instead, the students expressed 
that their GSI and UGTS had essentially the same role (with the exception of the pre-laboratory 
lecture and grading), but their perception of the two parties differed, as did their comfort 
expressing confusion, frustration, and asking for help outside of class.  
 The GSIs expressed similar views to those of the students. When asked how the students 
used each type of instructor differently, many GSIs explained that, initially, students felt a bit 
more comfortable approaching the UGTS so they would often go to the UGTS instead of the GSI 
for help when they were confused. Additionally, they explained that they were very grateful for 
the UGTSs’ presence because the UGTSs were often better equipped to tackle equipment issues, 
to troubleshoot when something in the lab went wrong because they had recently completed the 
lab as a student, themselves, whereas the GSI had never seen the lab before because they had 
come from a different university. 
 The survey, interview, and focus group data supports the existing literature that peer 
learning is beneficial, and especially that there is a perceived difference between the near-peer 
instructor and the non-near peer instructor. 
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4  Macro-Level Comparison of UGTS and GSI Interactions  
4.1 Motivation 

Once it was confirmed that the survey, interview, and focus group feedback from the 
Undergraduate Teacher-Scholar Program matched the student- and peer instructor-reported 
benefits in the existing peer learning literature, I could approach the next steps of my research. 
As mentioned in Chapter 1, there is an opportunity in the current literature for contribution of 
real time data to support the perceived (survey, interview, focus group) benefits of peer learning 
and near-peer instruction. What characteristics of peer learning contribute to these affective 
benefits? Is there an actual real-time difference between a near-peer instructor and a non near-
peer instructor in the learning process, or are the benefits merely due to perceived similarities 
between learner and instructor? In order to investigate these questions, I needed a way to capture 
interactions occurring in the Undergraduate Teacher-Scholar Program environment. I chose 
audio data as an analysis technique to provide additional information about the real-time 
interactions between near-peer and non near-peer instructors in these environments. Collecting 
audio recordings of interactions occurring between students and UGTSs and between students 
and GSIs has allowed me to understand exactly what is spoken about, and how it is spoken about 
in the course of a particular learning experience. The Undergraduate Teacher-Scholar Program 
provides a unique environment in which to collect audio data, because both the near-peer and 
non near-peer instructor interact with students in the same environment, at the same time, and 
about the same content. Keeping so many variables consistent between the two types of 
instructors allows the comparison to be more controlled than it would otherwise be. Once audio 
data was chosen as the data collection method, I needed to choose a framework through which to 
study the data. I decided that discourse analysis provided that framework.  

 

4.2 Discourse Analysis 
Discourse analysis serves as a fitting lens through which to analyze my data because it 

encourages a big picture analysis of the interaction environment that values both what is being 
said, and the environment in which the participants are communicating; one cannot be fully 
understood in isolation. Studying interactions in a student laboratory setting requires an 
understanding of the environment in which students are interacting, the content about which the 
students are interacting, and the participants with whom the students are interacting. Therefore, 
conversation and discourse analysis provide the perfect analysis framework. Many scholars have 
utilized discourse analysis and the various facets of interaction that can be studied in depth. 
Sarah Michaels (1992) proposes Accountable Talk as a goal in learning, emphasizing the social 
formation of the mind. Stemming from a Vygotskian framework, this approach emphasizes 
social interaction and accountability - when students can interact within and slightly beyond their 
zone of proximal development, they can be challenged to learn and participate in an authentic 
way. She proposes that a learner can only reach their capacity for productive discourse in a 
learning environment when three types of learner accountability are combined: 1) accountability 
to knowledge, 2) accountability to the learning environment, and 3) accountability to the 
accepted standards of reasoning. The success of Accountable Talk depends heavily upon unique 
student backgrounds (Michaels, 1992) and upon whether instructors are committed to the 
enforcement of the necessary values (Rymes, 2015). 

As a way to begin to understand whether Accountable Talk has occurred, O’Connor and 
Michaels (2007) propose that there are two forms of dialogue that can occur in classroom 
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settings – monologic and dialogic. Monologic dialogue occurs when a participant, typically the 
instructor, asks yes or no questions, or other closed-ended questions. The student is not given an 
opportunity to offer opinions or expand on their understanding beyond answering the question. 
Dialogic dialogue occurs when an instructor asks open-ended questions and allows students to 
explain a phenomenon. In this type of dialogue, there are more opportunities to hear what the 
student understands, and the instructor may be able to locate the nuanced ways in which a 
student is confused about a particular concept. Although both will inevitably occur, and are both 
necessary in interaction, dialogic dialogue is likely a better promoter of learning and thinking for 
the student. In their article “When is Dialogue ‘Dialogic’?”, O’Connor and Michaels caution 
against analyzing transcripts utterance by utterance, and propose that, instead, one should 
analyze interactions as a whole to determine whether dialogic dialogue has occurred. Although 
individual utterances may appear monologic in nature, the instructor may facilitate a discussion 
in a way that proves to be dialogic overall. If the dialogue is successfully dialogic, the student is 
provided with a greater opportunity to question, argue, elaborate on, and understand the topic 
being discussed. Sharing of knowledge is valued, and multiple explanations for each question are 
accepted and are able to be discussed. Lemke (1990) emphasizes that authentic argumentation 
and discussion of new concepts and vocabulary is the only way to provide students with 
meaningful, authentic practice. 

Repice et al. (2016) expanded on this theoretical framework and attempted to apply it to a 
peer learning environment in an undergraduate general chemistry course. They characterized the 
types of questions peer instructors used with students that provided the most meaningful 
argumentation and explanation from the student. They concluded that the ideal combination of 
interactions to promote student learning is a combination of closed questions (to quickly evaluate 
student progress and base level understanding), followed by open questions that require students 
to justify claims and support their arguments. Kulatunga and Lewis (2013) support this finding 
claiming that when peer leaders ask directed questions of students and add clarifying and probing 
questions, the peer leaders are able to elicit better student explanations and student justification 
for their arguments. The literature has shown that student argumentation leads to better 
understanding and reasoning skills, so Kulatunga and Lewis (2013) claim that eliciting 
argumentation and probing students’ justifications for their claims is a necessary skill for a peer 
learner to practice in the learning process.  

Stieff et al. (2013) introduce language as an added complication in content learning. 
These authors describe a phenomenon that they name ‘levels confusion’ and explain that 
chemists have a tendency to describe phenomena on both macroscopic and submicroscopic 
levels (p. 376). They become so accustomed to translating between these two levels that they 
move naturally back and forth between them in their speech. Students must learn about these two 
different levels, the boundaries of each, and how to translate back and forth between 
macroscopic and submicroscopic. Stieff et al. explain that chemistry is complicated by the fact 
that many phenomena that are presented in courses rely heavily on interaction between the two 
levels of analysis. There is a constant relationship between the two, but the distinction between 
them is not always explicit in instruction. When students experience confusion perceiving the 
relationship between phenomena on the submicroscopic level and phenomena on the 
macroscopic level, levels confusion occurs (p. 377). Instructor preparedness for this issue is vital 
to the prevention of levels confusion. Brandt (2008) brings up another source of confusion in the 
process of student content learning. She explains that students’ everyday lives and cultures may 
prime them to use certain words and certain language to describe phenomena in their everyday 
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lives. When they are presented with scientific language to describe phenomena they have 
become accustomed to describing in their own ways, they must go through an acclimation 
process to merge the two ways of seeing the world. Language is an important component of 
content learning and understanding. A student not only needs to understand the language of 
chemistry, but also needs to integrate it into the language they bring to the school environment. 
Analyzing the language used in student conversations with UGTSs and GSIs may give me 
insight into their content understanding, and the ways in which UGTSs and GSIs help to scaffold 
their learning. 

Discourse analysis has only started to make an appearance in the chemistry education 
literature on peer learning. In the past three years, researchers have begun to use discourse 
analysis to study videotaped peer learning sessions in undergraduate general chemistry courses. 
These researchers are beginning to understand ways in which peer instructors can facilitate 
conversations with students to facilitate greater content understanding and retention (Kulatunga 
& Lewis, 2013; Repice et al., 2016; Sawyer et al., 2013). Moon et al. (2017) use a concept called 
decentering to explain how productive argumentation may occur in peer, discussion-based 
discourse. Through a process of “differentiating between one’s own perspective and another’s” 
(p. 1), students can construct more robust and well-rounded arguments in order to understand 
content at a higher level. Although improved content understanding is one of the most widely 
reported benefits in the peer learning literature, this does not take into account the many, more 
affective, motivational, and comfort based benefits that are also widely shown. There is still an 
opportunity for advancement in the literature regarding these benefits. Discourse analysis 
presents a useful methodology by which to analyze the causal mechanism behind these benefits.  

 

4.3 Audio Versus Video 
 The studies that have begun to use discourse analysis in chemistry education literature 
have analyzed video data collected from peer learning environments in undergraduate general 
chemistry courses. When choosing between audio and video data, it was made clear by student 
responses that video data collection would eliminate too much of my potential subject pool. 
When asked whether they would consent to audio data and/or video data, students indicated that 
they were not comfortable with video collection, but were comfortable with audio. Collecting 
audio data instead of video data helped to keep the sample size large, and ensured more students 
would be willing to participate. 
 

4.4 Chemistry 1AL Course Description 
 Chemistry 1AL is the introductory general chemistry laboratory for non-chemistry 
majors. It is the first laboratory course that undergraduate students encounter at UC Berkeley, 
and it is typically taken at the same time as Chemistry 1A – the introductory general chemistry 
lecture for non-chemistry majors. Chemistry 1AL is a very large course, often containing 1200 
students in the fall semester and 800 students in the spring semester. Laboratory sections 
typically contain 20-30 students and are taught by one GSI. The course is 15 weeks, with a 
distinct laboratory experiment covered each week. Some lab experiments are part of a three-
week sequence, but all contain their own distinct focus.  

The course covers concepts such as polymers, light, intermolecular forces, density, 
kinetics and titration. In the past five years, there has been a laboratory curriculum revision in 
Chemistry 1AL, to focus on integrating green chemistry and student collaboration and inquiry 
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into the laboratory course. The lab experiments incorporate questions embedded in the procedure 
to help stimulate student inquiry and discussion, as well as to help the students understand the 
purpose of each experimental step. The laboratory course operates separately from the lecture 
component, as it’s own course, and does not necessarily follow the same series of course topics. 
Chemistry 1AL is graded based on pre-laboratory assignments, post-laboratory questions, and 
lab report write-ups. Additionally, there is a written laboratory final exam given at the end of the 
semester.  

Chemistry 1AL laboratory sections are usually taught by first-year graduate students, and 
the majority of these graduate students attended a different institution during their undergraduate 
degree. This means that they are not only new to the university, but they are typically new to 
California, and some are even new to the United States. They are often pulled in many different 
directions during their first semester, as they are moving in, beginning their coursework, 
choosing a research group, and learning the coursework for their teaching duties for the first 
time. This serves as an ideal environment in which to place a UGTS, because the GSIs assigned 
to Chemistry 1AL could use the assistance in the laboratory while they adjust to the many new 
aspects of their daily lives at UC Berkeley. 

4.5 Chemistry 1AL Data Collection 
 In the fall of 2015, I placed UGTSs in ten Chemistry 1AL laboratory sections and chose 
four laboratory sections in which I did not place UGTSs. These four laboratory sections were 
used as a control group (lab sections are usually taught with one GSI only, so these four sections 
represented the traditional laboratory model). Each lab section contains 20-30 students and meets 
for three hours each week during the 15-week semester. I chose three laboratory experiments to 
observe during the semester – one in the beginning of the semester, one in the middle of the 
semester, and one in the end of the semester. Each lab focused on different chemistry material by 
the nature of the course, but the participants in each lab remained constant. During each 
observation (the pre-, mid-, and post-semester observations), an audio recorder was attached to 
the GSI and another audio recorder was attached to the UGTS. This allowed me to hear every 
conversation that the UGTS and the GSI had with students and with each other. The 
microphones were able to record the sound from each student with whom the instructor 
interacted, so I was able to record each full conversation that occurred.   
 Each audio recorder was started at the beginning of the three-hour lab session and 
attached to the appropriate participants. I exited the lab and, after 90 minutes, sent in one of my 
trained undergraduate researchers to observe the UGTS and GSI in person. The in-person 
observations were conducted during the second half of the lab in order to limit bias in my 
recording. If the UGTS and GSI acted differently when the researcher was present in the room, I 
wanted to be aware of that. So, by comparing the first to the second half of the lab, I could 
determine whether there were any conversational differences caused by the presence of my 
undergraduate researcher. At the end of each laboratory session, the recorders were stopped and 
collected. The audio data was then uploaded to a password protected cloud storage site, and was 
backed up on an external hard drive that was placed in a locked drawer for storage. 
 

4.6 Chemistry 112B Course Description 
 Chemistry 112B is the second course in a two-course sequence of introductory organic 
chemistry courses for chemistry majors. Chemistry 112B contains a laboratory and lecture 
component that teach the same content in the same order. Each laboratory experiment 
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corresponds to content being taught in the lecture component of the course. By the time students 
enter this course, they have completed two introductory general chemistry courses for chemistry 
majors, and the first organic chemistry course for chemistry majors. Each of those courses has a 
laboratory component, which makes Chemistry 112B their fourth chemistry laboratory course at 
UC Berkeley. Students enrolled in this course are typically in the second semester of their 
sophomore year. Chemistry 112B is only offered in the spring semester and typically contains 
115 students per semester. Each laboratory section in this course contains about 20 students and 
is taught by one GSI. The course is 15 weeks long, and contains a distinct laboratory experiment 
each week. Some labs are part of a multi-lab sequence, but each has a distinct focus. 
 The course covers concepts such as the Wittig reaction, crossed-aldol condensation, 
synthesis of warfarin, synthesis of azo dyes, chemoselectivity in transfer hydrogenation, the 
Suzuki reaction, and the synthesis of 1,2,3,4-Tetrahydro-β-Carboline. The laboratory component 
of Chemistry 112B is graded based on pre-laboratory assignments, post-laboratory questions, 
and lab report write-ups. Additionally, there is a written laboratory final exam given at the end of 
the semester. 
 The GSIs who teach Chemistry 112B are typically experienced graduate students in the 
end of their first year or in their second year. The instructors for Chemistry 112B choose the 
GSIs by hand, based on recommendations, and based on observations of GSIs in prior teaching 
environments. Each GSI is typically engaged, and experienced with the material, including the 
laboratory experiments in the courses that they teach. Although they also have attended other 
universities for their undergraduate studies like the GSIs in Chemistry 1AL, these GSIs have 
been at Berkeley long enough that they are familiar and comfortable with their environment. 
They have already chosen a research group, have already completed much of their graduate 
coursework, and have begun their own research. This makes the GSI population in Chemistry 
112B very different than that of Chemistry 1AL. 

4.7 Chemistry 112B Data Collection 
 In the spring of 2017, I chose to observe a small sample of laboratory sections in 
Chemistry 112B, to serve as a small, qualitative comparison to the Chemistry 1AL data I had 
collected in 2015. All Chemistry 112B sections had UGTSs assigned to them. Although there 
were six course laboratory sections in total, three sections had either a GSI or a UGTS who was 
not comfortable consenting to audio data collection. So the remaining three sections served as 
my population sample. Two of the sections contained one GSI and one UGTS, and the third 
section contained one GSI and two UGTSs. This was due to a high supply of UGTSs and a low 
number of available sections for placement during that semester. Each lab section contained 15-
25 students and met for four hours each week during the 15-week semester. Again, as I had done 
in Chemistry 1AL, I chose three lab experiments to observe during the semester – one in the 
beginning of the semester, one in the middle of the semester, and one in the end of the semester. 
Each lab focused on different chemistry material by the nature of the course, but the participants 
in each lab remained constant. During each observation (the pre-, mid-, and post-semester 
observations), an audio recorder was attached to the GSI and another audio recorder was 
attached to the UGTS. This allowed me to hear every interaction that the UGTS and the GSI had 
with students and with each other. The microphones were able to pick up sound from each 
student with whom the instructor interacted, so I was able to record each full conversation that 
occurred. In these labs, because I only intended to get a small, anecdotal comparison, I did not 
include undergraduate researchers. This semester, the data collection was limited to audio data 
only. No in-person observations were collected. 
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4.8 Audio Data Analysis 
 I began my analysis with the Chemistry 1AL data. In total, 216 hours of audio data were 

collected from the ten labs with GSIs and UGTSs and the four control lab sections with GSIs 
only. Because of the large size of this data set, the audio samples needed to be chunked in order 
to make analysis efficient. To do this, I decided which portions of the data would be the most 
representative sample. I chose to study the mid-semester observation (Biofuels II lab). I chose 
the mid-semester observation because, during the pre-semester observation, the GSIs are just 
beginning to get acclimated to graduate school, to teaching, and to California in general, the 
UGTSs have not yet interacted with the GSI or the students, and the students are typically new to 
college and adjusting to life away from home. During the end of semester observation, there are 
similar confounding factors. Because that lab session is close to final exam time, students are 
often more stressed than usual preparing for their exams and graduate students are stressed 
because this is typically a time in their graduate career when they are looking for a research lab 
to join. UGTSs are also stressed about preparing for final exams, so may be distracted from their 
teaching duties. The mid-semester observation comes at a time when students have gotten into 
the rhythm of courses and college life, and the GSI and UGTS have spent enough time teaching 
that they feel comfortable and motivated.  
 This left me with 72 hours of data, which was still too large for a first pass attempt to find 
trends in the data. To narrow the data set further, the middle hour of the three-hour lab period 
was chosen as a starting point. I eliminated the first hour because, typically, the GSIs hold a pre-
lab lecture where they explain the purpose and sequence of the lab experiment leading to few 
conversations and almost no interaction with the UGTS during that time. The last hour was 
eliminated because students begin to leave the lab room once they finish their experiments and 
post-lab assignments, so there is no guarantee all participants were still present in the room at 
that time. This left me with 24 hours of audio data to analyze. 

4.8.1 Biofuels Laboratory II 
 The mid-semester observation took place during the Biofuels II laboratory experiment in 
Chemistry 1AL. This lab is second in a three-lab sequence in which students synthesize, purify, 
and combust biofuel that they make from waste cooking oil. In the first lab of the sequence, the 
students synthesize their biodiesel. In the second lab, the students purify and dry the biodiesel 
sample that they created the previous week.  
 The Biofuels II laboratory has two main steps that students must understand. The first 
step is the purification of their biodiesel. They must remove byproduct and excess reactant from 
their biofuel sample by extraction with a saturated solution of NaCl. The saturated NaCl solution 
extracts excess methanol and water from their biofuel sample, leaving the students with biofuel 
and a small amount of water. The saturated NaCl extraction step is performed twice to remove as 
much methanol and water as possible. The students then add MgSO4 solid to their biofuel 
sample. The purpose of this step is to remove the remaining water from their sample and leave 
the student with pure biodiesel. During the third week of the laboratory sequence, the students 
combust their biodiesel to test its purity. The first and third weeks were not included in the data 
set.  
 This laboratory experiment requires students to understand and integrate many different 
concepts in one setting. The students must understand polarity, intermolecular forces, viscosity, 
different types of extractions, and dehydration. The integration of so many chemical concepts in 
one laboratory experiment provides an ideal environment in which to listen to student 
interactions. There are many opportunities for students to connect chemical principle to the 
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physical experiment, and for the students to understand how related chemical concepts interact in 
ways that influence their physical results. 

4.8.2 Interaction Time and Topic Distribution of UGTSs and GSIs in the 
Laboratory 
 Once I had narrowed the data to the middle hour of the mid-semester observation, I began 
to listen with a wide lens. I time-stamped the beginning and end of each interaction 
(hours:minutes:seconds). I defined an interaction as the time a student or instructor began to 
speak until the end of that particular conversation (usually until the instructor or student walked 
away). From this information, I could determine the total time length of each interaction and also 
the total amount of ‘dead time’ between interactions.  
 In addition to the time per interaction, I also categorized each interaction. The categories 
emerged from the data, and I continued adding categories to my list until no new categories 
appeared. The conversation categories can be seen below in Table 9. 
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Table 9. Categories of conversations that appeared in the audio data 
 

Category Definition 

Announcement Stopping the class to make an announcement to everyone 

Checking In 
The instructor initiates the interaction with "Hey how's it going" or "Hey how 
are you doing"; doesn't turn into a conversation about anything; student 
responds with "fine" or "good" 

Clarification Returning to student to repeat something that was already said/correct 
something that was said incorrectly 

Cleaning Question/instruction about cleaning the lab station or equipment 

Conceptual 
Question/conversation about a concept and its meaning; usually inspired by a 
question in the lab manual or the need to use a certain equation to get an 
answer; not a direct question from the procedure 

Equipment 
location 

Question about where to find equipment or how to get an extra piece of 
equipment 

Equipment 
Usage/Setup Question about how to assemble or use laboratory equipment 

Interpreting 
experiment 
progress 

Question/conversation about how to interpret what's in front of the student; 
usually a question about how to tell that a certain step is done, how to tell if the 
student has added enough of a certain reagent, or whether the results look 
"right" 

ISF (Chemical 
Stockroom) Conversation with the stockroom workers 

Life Question 
Student asks question about something unrelated to the lab session or lab 
course; can include where to live, how to get involved in clubs, how to get 
involved in research, where to eat, etc. 

Problem Question/conversation about something that has gone wrong in lab; a spill, 
broken equipment; injury, etc. 

Procedure 
Question/conversation about something directly from the procedure; how to do 
a certain step, what a statement in the procedure means, asking the instructor a 
question directly from the post-lab, etc. 

Safety Question/conversation about lab safety; can be safety equipment or safety 
procedure 

Student Chit 
Chat 

Back and forth with students; no questions asked; usually not related to lab; 
things like "Thank goodness it's almost Friday", "Aw man this lab is long", etc. 

UGTS/GSI 
consult 

One of the instructors consults the other (UGTS/GSI) about a problem, 
confusion, or best way to move forward with the laboratory 
experiment/equipment 

UGTS/GSI chit 
chat Instructors talk to each other about non-lab related topics 

Waste Question/conversation about how to dispose of waste (chemical or equipment 
waste 
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 In addition to categorizing the interactions, I also included a small summary for myself, 
so that it would be easier to remember what occurred in my data. Each summary was no longer 
than two sentences, and typically included the topic of inquiry and the instructor’s response. 

a. Total Interaction Time by Instructor: Middle Hour, Mid-Semester Observation 
(MHMS) 

 After recording the total time of each interaction for each instructor in each section, I 
compared the UGTS population to the GSI population, and also compared my control sections to 
my experimental sections. Figure 5 and Table 10 show the average frequency of interactions per 
hour in each population (GSI (control), GSI (experimental), and UGTS). Independent samples t-
tests were used to compare the means of the UGTS and GSI average number of interactions per 
hour. 
 
 

 
 
Figure 5. UGTS and GSI interaction frequency by participant group; MHMS 
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Table 10. Expanded Data - UGTS and GSI interaction frequency by participant group; MHMS; 
*p<0.05 
 

  

Average Number 
of Interactions 
Per Hour 
(frequency) SD Minimum Maximum 

UGTS 69 26.8 20 105 
GSI 
Experimental 68 21.2 29 104 
GSI Control 59 31.8 36 81 

 
When compared, each group (UGTS and GSI, control and experimental) participates in a 

similar number of interactions per hour (~60-70). In general, this means that instructors are 
interacting with students for double the number of times in sections with UGTSs, because there 
are two instructors interacting ~60-70 times per hour as opposed to the one GSI in the control 
section interacting ~60 times per hour.  
 Next, I chose to compare the average interaction time per hour (in minutes) between the 
three participant groups. Independent samples t-tests were used to compare the means of the 
UGTS and GSI average total interaction time per hour. Figure 6 and Table 11 show that 
comparison. 
 

 
 
Figure 6. UGTS and GSI average interaction time per hour by participant group; MHMS 
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Table 11. Expanded Data - UGTS and GSI average interaction time per hour by participant 
group (minutes); MHMS; *p<0.05 
 

  

Average Total 
Interaction Time 
Per Hour 
(minutes) SD Minimum Maximum 

UGTS 33.2 8.0 20.8 47.9 
GSI 
Experimental 35.5 9.3 25.1 51.8 
GSI Control 20.3 4.5 17.1 23.5 

 
 Different from the previous chart, showing interaction frequency, this chart shows a 
difference between the average total time (in minutes) that each instructor group interacts per 
hour. The control GSIs interact for approximately 20 minutes total per hour, the experimental 
GSIs interact for approximately 35 minutes per hour, and the UGTSs interact for approximately 
33 minutes per hour. So, although the three instructor populations interact approximately the 
same number of times per hour, they spend different amounts of time interacting per hour. The 
control GSIs spend the least amount of time (minutes) interacting per hour, and the experimental 
GSIs spend the most, with UGTSs interacting for slightly less time than the experimental GSIs.  

This result is surprising. It would seem logical that control GSIs would spend similar 
amounts of time interacting with students per hour compared to their experimental GSI 
counterparts. Their frequencies of interaction were approximately the same, which led me to 
believe their average interaction time (minutes) per hour would be approximately the same as 
well. This result suggests that, when a UGTS is present in the laboratory, the GSI has more time 
to interact with students per hour. It is possible that there is implicit pressure on the control GSIs 
to hurry their interactions with students because they are the only instructor resource available in 
the laboratory section. It is possible, by contrast, that the experimental GSIs do not feel implicit 
social pressure to hurry their interactions with students because the UGTS is able to respond to 
student questions when the GSI is unavailable. Therefore, the GSI may feel more comfortable 
spending more time interacting with students. Additionally, in sections with UGTSs, the 
administrative tasks such as passing back graded laboratory experiments from the previous week, 
setting up equipment, and keeping track of class waste can be split between the GSI and UGTS, 
which may leave the GSI with more time to interact during any given laboratory session. The 
GSIs in control sections are responsible for providing student guidance, and also for completing 
all administrative tasks, which may leave them with less time overall to interact with their 
students. Ultimately, when there is no UGTS present in the laboratory, there is less interaction 
time overall, and less opportunity for student questions to be answered. The presence of a UGTS 
may take some of the stress off of the GSI, so the GSI and UGTS both feel more able to spend 
time with each individual group in the laboratory. 
 Once I understood how much time was spent interacting with students per hour in the 
laboratory sessions, I decided to analyze the average individual interaction time for each 
instructor population. An interaction is defined as the total amount of time an instructor spends 
talking to a student, from the initial approach and beginning of conversation until the instructor 
walks away. Independent samples t-tests were used to compare the means of the UGTS and GSI 
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average individual interaction time. Figure 7 and Table 12 illustrate the average time spent on 
each individual interaction over each of the three instructor groups.  
 

 
 
Figure 7. UGTS and GSI average individual interaction time by participant group; MHMS 
 
Table 12. Expanded data - UGTS and GSI average individual interaction time by participant 
group (hours:minutes:seconds); MHMS; *p<0.05 
 

 Average SD Minimum Maximum 
UGTS 0:00:30 0:00:39 0:00:01 0:05:55 
GSI 
Experimental 0:00:32 0:01:04 0:00:01 0:19:24 
GSI Control 0:00:19 0:00:20 0:00:01 0:02:16 

 
 Similarly to the average total interaction time per hour, the control GSIs also had the 
lowest average individual interaction time (the average time spent on each individual 
interaction). On average, the control GSIs spend 19 seconds per interaction, which is 13 seconds 
fewer than their experimental GSI counterparts, and 11 seconds fewer than the UGTS 
population. Again, this is surprising considering that the average number of interactions per hour 
was comparable to both the experimental GSIs and the UGTSs. It is possible that the presence of 
a UGTS in the laboratory session, alongside the GSI contributes to the GSI’s ability to have 
longer lasting interactions with students. As mentioned above, it is possible that the control GSIs 
do not feel comfortable spending long amounts of time with any given student because they are 
aware that they are the only available resource for students in the classroom. Conversely, the 
experimental GSIs may feel more relaxed spending a longer amount of time on each individual 
interaction, because they know the UGTS is available to answer additional student questions 
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while they are occupied. Overall, this data suggests that the presence of a UGTS in the laboratory 
section provides students with more interaction time from the GSI, and results in more 
opportunities for students to have their questions answered by instructors.  

b. Distribution of Interaction Topics by Instructor Type in Chemistry 1AL: Middle 
Hour, Mid-Semester Observation (MHMS) 

After calculating the average interaction time for each instructor group, the next step was 
to understand whether there were differences in the amount of time each instructor group spent 
interacting about particular topics. When I initially listened to and organized the audio data, I 
documented the timestamp at the beginning and at the end of each interaction, and I categorized 
each interaction based on themes that emerged from the data. Using the total time that each 
instructor group spent talking about each category, I calculated the average time that each 
instructor group spent talking about each category. The average time spent talking about each 
category divided by the average total time spent interacting gave an average percentage of an 
instructor group’s time spent talking about each category. Independent samples t-tests were used 
to compare the means of the UGTS and GSI percent time spent per interaction category. Figure 8 
and Table 13 show the average percentage of their interaction time that each instructor group in 
Chemistry 1AL spent talking about each interaction category.  
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Figure 8. Percentage of time spent by topic in Chemistry 1AL (control (n=4) vs. entire 
experimental group (n=10 UGTSs; n=10 GSIs); MHMS; Reminder: GSI Control group 
interacted for a significantly lower amount of time overall. 
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As seen in Figure 8 and Table 13 above, control section GSIs spent about the same 
percentage of their time as the experimental GSIs helping students understand their experiment 
progress, which is a major goal of the laboratory courses overall – to help students understand 
the chemistry concepts in practice. Differences begin to emerge, however, when looking at topics 
such as cleaning and equipment location (where to find extra test tubes, pipettes, etc.). There was 
a significant difference in mean percentage of time spent on equipment location interactions 
between GSIs and UGTSs (t=2.5, d.f.=17, p=0.02, two-tailed). Control GSIs (without UGTSs) 
spend a large percentage of their time on these topics compared to the experimental GSIs and the 
experimental GSIs spent a larger percentage of their time on these topics compared to UGTSs. 
Cleaning and equipment location are both necessary to the lab, but are all base-level topics – 
they are not topics that probe student conceptual understanding or practical application of 
material. In a lab, it is clearly necessary for students to ask those types of questions and for 
instructors to answer them, so the presence of these interaction categories is not a negative 
attribute. It does seem potentially problematic, however, that the categories such as ‘interpreting 
experiment results’, ‘conceptual’, and ‘checking in’ appear very infrequently in the control GSI 
population. These types of interactions allow students to ask questions about the experimental 
results in front of them, to discuss potentially confusing concepts with their instructors and 
connect them to the laboratory experiment and to build a comfortable relationship with their 
instructor. For these reasons, these types of interactions seem instrumental in the student learning 
process.  

When UGTSs are present in the laboratory, the data suggests that GSIs spend the largest 
percentage of their interaction time talking about interpreting the students’ experimental results, 
teaching students how to use equipment, and helping students interpret the procedure. It is 
possible that they can delegate a portion of the repetitive, base level tasks to UGTSs or split 
those duties compared to the GSIs who do not have UGTSs in their sections. Based on the data 
shown in Figure 8, it seems that the base-level categories such as equipment location and 
cleaning are necessary to accomplish the laboratory experiment, as they are asked in all 
populations. But, categories such as ‘interpreting experiment progress’, ‘conceptual’, ‘checking 
in’, ‘chit chat’, and ‘life questions’ might be considered categories which encourage students’ 
conceptual understanding and practical chemistry skills. It is possible that these categories can 
only be discussed when the base-level categories have been accounted for. When a GSI is the 
only instructor present in the lab, it is possible that the conceptual understanding and skill-
building categories are impossible to reach, because the base-level categories require too much 
time. When the GSI can delegate the base-level categories or share the load with the UGTS, both 
instructors get the privilege to participate in these categories. All of the above data suggests that 
when a UGTS is present in the laboratory section, the GSIs spend more time interacting with 
students in general and, when they interact, they interact about topics that may help the students 
to solidify their understanding of course topics. This should benefit student learning, and 
accomplishes goals that instructors possess - helping students learn.  

When comparing the UGTS population to the experimental GSI population, the 
percentage of time talking about each category is similar, with some notable differences. The 
UGTSs spend about 10% more of their interaction time helping students interpret their 
experiment progress compared to GSIs. Additionally, there were statistically significant 
differences in mean percentage of time spent making announcements between GSIs and UGTSs 
(t=2.97, d.f.=17, p=0.01, two-tailed). An interesting finding was that UGTSs are the only 
population asked life questions. Life questions include any question that a student asks the 
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instructor about life that is not related to the course (in this case, Chemistry 1AL). Examples of 
life categories include where to live, how to become involved in research, where to eat, where to 
have fun around Berkeley, how and when to register for classes, which majors to declare, and 
other such topics. UGTSs were the only instructor population asked these types of questions in 
any of the sections during this observation time point. This was consistent with students’ survey 
responses in which they indicated that UGTSs were the only instructor population to whom they 
would ask life questions. When the UGTS is absent (in the control sections), the life questions do 
not get transferred to the GSI. It seems that, when there is no UGTS in the laboratory, no life 
questions are asked at all. If the presence of UGTSs in the laboratory allows students to ask life 
questions that they otherwise would not be comfortable asking, this seems like a important 
benefit that the UGTSs add to the learning experience. Additionally, if students feel comfortable 
asking UGTSs life questions, this may correlate to the students’ self-reported comfort admitting 
confusion to UGTSs, an increased willingness to ask UGTSs questions, and the reported feeling 
that UGTSs are more approachable than GSIs.  

c. Total Interaction Time by Instructor: Final Hour, Mid-Semester Observation 
(FHMS) 

It appeared to be an interesting finding that UGTSs are the only instructor population 
participating in life questions. To confirm this, I chose to listen to the final hour of the mid-
semester observation (FHMS) to ensure that this finding was not an artifact of listening to the 
middle hour. The last hour of the laboratory session is often less busy, as students complete their 
laboratory experiments, finish their post lab questions, and clean up their equipment. A 
hypothesis is that students might be more willing to ask life questions in general at the end of a 
laboratory session as opposed to the middle because they are more relaxed.  

Before I analyzed interaction categories at this time point in the lab session, I analyzed 
interaction frequency, and time spent interacting during the final hour of the laboratory to mirror 
my analysis of the middle hour. Again, independent samples t-tests were used to compare the 
means of the UGTS and GSI average number of interactions per hour. Figure 9 and Table 14 
illustrate the average frequency of interaction per hour for each participant group.  
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Figure 9. UGTS and GSI interaction frequency by participant group; FHMS 
 
Table 14. Expanded Data - UGTS and GSI interaction frequency by participant group; FHMS; 
*= p<0.05 
 

  Average* SD Minimum Maximum 
UGTS 66.8 14.0 42 81 
GSI 
Experimental 90.3 18.2 68.6 126 
GSI Control 64.5 48.8 30 99 

 
Compared to the MHMS, the experimental GSIs and control GSIs interacted at a much 

higher frequency per hour during the FHMS, while UGTSs interacted at the same frequency per 
hour. In the final hour of the lab session, the control GSI interaction frequency mirrored that of 
the UGTS, instead of being considerably lower as was seen in the middle hour. When the mean 
number of interactions are compared, there is a significant difference between experimental GSIs 
and UGTSs (t=3.3, d.f.=15, p=0.005, two tailed). Figure 10 and Table 15 shown below illustrate 
the average time that all participant populations spent interaction per hour of lab during the last 
hour of the laboratory. 
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Figure 10. Average interaction time per hour by participant group; FHMS 
 
Table 15. Expanded data - Average interaction time per hour by participant group; FHMS; 
*p<0.05 
 

  Average SD Minimum Maximum 
UGTS 34.2 8.2 23.3 42.3 
GSI 
Experimental 35.7 8.1 20.7 48.8 
GSI Control 20.4 16.1 9 31.8 

 
Similarly to the MHMS, the control GSIs spend less time interacting than their 

experimental GSI counterparts and also the UGTSs in the FHMS. All three instructor 
populations mirrored the average total interaction time per hour seen during the MHMS. 
Although the experimental and control GSIs interacted at a higher frequency in the FHMS, it did 
not seem to impact their average total interaction time. This suggests that, although they interact 
at a higher frequency, each of their interactions may last less time during the final hour of the 
laboratory session. Next, I analyzed the average individual interaction time by participant group 
during the FHMS. Independent samples t-tests were used to compare the means of the UGTS and 
GSI average individual interaction time. 
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Figure 11. Average individual interaction time (seconds) by participant group; FHMS 
 
Table 16. Expanded Data - Average individual interaction time (seconds) by participant group 
(hours:minutes:seconds); FHMS; *p<0.05 
 

  Average SD Minimum Maximum 
UGTS 0:00:31 0:00:32 0:00:03 0:03:04 
GSI 
Experimental 0:00:23 0:00:28 0:00:01 

0:04:15 

GSI Control 0:00:19 0:00:22 0:00:01 0:02:19 
 

Figure 11 and Table 16 reveal a difference between the MHMS and FHMS. Compared to 
the MHMS, the experimental GSIs spent much less time per individual interaction in the FHMS. 
This explains how the experimental GSIs’ average frequency of interaction increased during the 
FHMS, but their average total interaction time stayed the same. The control GSIs and the UGTSs 
spent about the same amount of time on average per individual interaction. The reasons for this 
may be the types of questions getting asked of the experimental GSIs during the last hour of the 
experiment. In the MHMS, GSIs spent a significant percentage of their interaction time helping 
students interpret their experiment progress. These interactions seemed to take longer per 
individual interaction. In the final hour of the laboratory session, students are usually finishing 
their lab experiments, cleaning up and answering any post-lab questions that they were assigned. 
This means that students may not ask questions of the experimental GSIs that require as long an 
answer as those asked during the middle hour of the lab. Questions about equipment, cleaning, 
waste, and procedure seem to take less time than questions that require an instructor to teach or 
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explain a concept, such as interpreting experiment progress, life questions, and conceptual 
questions. To investigate this, I analyzed the percentage of each instructor population’s time 
spent on each interaction category, similarly to my analysis of the MHMS. Independent samples 
t-tests were used to compare the means of the UGTS and GSI average percentage of time spent 
on each interaction category. 

d. Distribution of Interaction Topics by Instructor Type in Chemistry 1AL: Final 
Hour, Mid-Semester Observation (FHMS) 

 
 
Figure 12. Percentage of time spent by topic in Chemistry 1AL, FHMS (control (n=4) vs. entire 
experimental group (n=10 UGTSs; n=10 GSIs) 
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  Table 17. Expanded data - Percentage of tim
e spent by topic in C

hem
istry 1A

L, FH
M

S (control (n=4) vs. entire experim
ental 

group (n=10 U
G

TSs; n=10 G
SIs) *p<.05 
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After analyzing the data shown in Figure 12 and Table 17, I confirmed that UGTSs are 
indeed the only population to whom life questions are asked, and they were asked life questions 
a similar percentage of their time during both the MHMS and FHMS. The control GSIs still 
interact the most about cleaning, equipment location, and problems (broken glass, spilled 
solvent). We do, however, see a large increase in control GSIs’ interactions about procedure, 
student chitchat and also their ability to ‘check in’ with students. In the MHMS, the control GSIs 
checked in with their students less than 1% of their interaction time. In the FHMS, they are able 
to check in about 8% of their interaction time. Student chitchat increased from about 2% of their 
interaction time to about 14%. This may be due to the fact that students are on the last steps of 
the laboratory experiment and have gotten through most of the laboratory procedure. The control 
GSIs may feel more freedom to check in with students and stop to chat, instead of feeling rushed 
to help everyone complete the lab. It makes sense that instructors are able to engage with the 
conceptual understanding and skill-building categories, as well as conversational relationship-
building categories when they are not rushed to help everyone complete their experiment. During 
the FHMS, some notable, although not significant differences between UGTSs and GSIs are seen 
in interpreting experiment results, checking in, and life questions. UGTSs participate in these 
categories for a greater percentage of their time than either GSI population. We also see that the 
experimental GSIs spend less of their time helping students interpret their experiment progress. 
A reason for this is that many of the students have finished the experiment, and have already 
gotten their interpretation questions answered at this point in the lab session. This could 
contribute to their average interaction time being much lower than during the MHMS, in which 
the experimental GSIs spent a high percentage of their time on these types of questions. The 
significant differences in GSI and UGTS mean percentages of interaction time were in 
announcements (t=4.0, d.f.=15, p=0.001, two-tailed), ISF interactions (t=-1.8, d.f.=15, p=0.05, 
two-tailed), and interactions about the procedure (t=2.1, d.f.=15, p=0.026, two-tailed).  

e. Total Interaction Time by Instructor: Middle Hour, End of Semester Observation 
(MHES) 

As a final point of data analysis in Chemistry 1AL, I chose to analyze the middle hour of 
the end of semester observation (MHES) to compare my findings from the MHMS and FHMS. 
This way, I can see whether instructor populations interact differently over time during the 
semester. I performed the same set of analyses on these audio recordings and my results are 
shown below in Figure 13 and Table 18. 

 
 



 

 60 

 
 
Figure 13. UGTS and GSI interaction frequency by participant group; MHES 
 
Table 18. Expanded Data - UGTS and GSI interaction frequency by participant group; MHES; 
*p<0.05 
 

  Average SD Minimum Maximum 
UGTS 54.2 20.8 27 93 
GSI 
Experimental 60.2 27.8 25.3 105 
GSI Control 55 33.5 30 93 

 
In the MHES, all participant groups interacted at a frequency similar to the MHMS, but 

less than the frequencies of the FHMS. This suggests that certain time points in each laboratory 
session have similar patterns of interaction frequency. It is possible that the middle hour has a 
slightly lower interaction frequency in general than the final hour in any given lab session. 
Similarly to the MHMS and FHMS, all participants interacted at a similar frequency per hour 
(~55-60) as each other. The next step was to compare the average time that all participant 
populations spent interacting per hour of lab during the MHES. Figure 14 and Table 19 (shown 
below) illustrate the average time that all participant populations spent interacting per hour of lab 
during the MHES. 
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Figure 14. Average interaction time per hour by participant group; MHES 
 
Table 19. Expanded Data - Average interaction time per hour by participant group; MHES; 
*p<0.05 
 

  Average SD Minimum Maximum 
UGTS 38.1 8.9 31.3 56.9 
GSI 
Experimental 38.1 10.1 28.2 54.1 
GSI Control 32.8 12.1 22.7 46.2 

 
Similarly to the MHMS, the control GSIs spent less time interacting than their 

experimental GSI counterparts and also the UGTSs in the MHES, but to a less extreme degree. It 
seems that, in the MHES, the control GSIs’ average interaction time per hour increases by about 
13 minutes, while the UGTSs’ and experimental GSIs’ average interaction time increases by 
about four minutes each. It is possible that the control GSIs feel a bit more relaxed as the 
semester progresses, and as a result feel more comfortable spending a longer amount of time 
interacting with their students. At this point in the semester, they know their students well and 
may feel more comfortable and confident in their role as a laboratory instructor. This could 
contribute to their increased total interaction time per hour during the MHES. Next, I analyzed 
the average individual interaction time by participant group. Again, independent samples t-tests 
were used to compare the means of the UGTS and GSI average interaction time per hour. 
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Figure 15. Average individual interaction time (seconds) per hour by participant group; MHES 
 
Table 20. Expanded Data - Average individual interaction time (seconds) per hour by participant 
group (hours:minutes:seconds); MHES; *p<0.05 
 

  Average SD Minimum Maximum 
UGTS 0:00:37 0:00:49 0:00:02 0:05:17 
GSI 
Experimental 0:00:44 0:00:55 0:00:03 0:04:40 
GSI Control 0:00:36 0:00:38 0:00:03 0:02:48 

 
Figure 15 and Table 20 reveal a difference between the MHMS and the MHES. 

Compared to the MHMS and FHMS, the experimental GSI and UGTS spent significantly more 
time per individual interaction during the MHES. The control GSI increases in individual 
interaction time from an average of 19 seconds in the MHMS and FHMS to an average of 36 
seconds in the MHES. The experimental GSI spent an average of 32 seconds per interaction in 
the MHMS and an average of 23 seconds per interaction during the FHMS. During the MHES 
the experimental GSIs spent an average of 44 seconds per interaction. The average UGTS 
interaction time increased as well from 30 seconds during the MHMS to 31 seconds in the 
FHMS. During the MHES, UGTSs spent an average of 37 seconds per interaction. It is possible 
that all instructor populations become more relaxed over the course of the semester and feel 
comfortable spending more time per individual interaction. It is also possible that the types of 
questions asked of the instructor populations during the MHES require longer interaction times. 
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One way to help explain the differences in individual interaction time between the MHMS, 
FHMS, and MHES was to compare the different interaction topics discussed at each time-point. 
Figure 16 and Table 21 display that analysis. Independent samples t-tests were used to compare 
the means of the UGTS and GSI average percentage of time spent per interaction category. 
 

f. Distribution of Interaction Topics by Instructor Type in Chemistry 1AL: Middle 
Hour, End of Semester Observation (MHES) 

 

 
 
Figure 16. Percentage of time spent by topic in Chemistry 1AL (control (n=4) vs. entire 
experimental group (n=10 UGTSs; n=10 GSIs); MHES 
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After analyzing the interaction topics discussed during the MHES, I confirmed that 
UGTSs are indeed the only population to whom life questions are asked at two different time 
points within a laboratory session, and two different time points within a semester. The control 
GSIs still interact the most about equipment location, and problems (broken glass, spilled 
solvent), but at a much lower percentage of their interaction time than in the MHMS and FHMS. 
There is a large increase in procedural questions, and also an increase in the control GSIs’ ability 
to ‘check in’ with students. In the MHMS, the control GSIs checked in with their students less 
than 1% of their interaction time. In the MHES, they check in about 4% of their interaction time. 
It is promising to see the control GSIs proactively interacting with their students at a higher 
percentage of their interaction time. The control GSI population may feel more freedom to check 
in with students over time instead of feeling rushed to help everyone complete the lab. 
Additionally, we see control GSIs spending significantly more of their interaction time teaching 
students to use equipment during the MHES. This makes sense, as the students were required to 
use a burette to perform a titration during the end of semester laboratory. They had never used 
this piece of equipment before, so many students needed help understanding how to set up the 
burette and use it to complete the lab experiment. So, both control GSIs and UGTSs spent a large 
percentage of their time helping students with questions in this category. Additionally, all 
instructor populations spent a much higher percentage of their time helping students interpret 
their experiment results in the MHES. The difference in GSI and UGTS mean percentage of time 
spent helping students interpret their experimental results was statistically significant (t=2.4, 
d.f.=11, p=0.033, two-tailed). In addition, the difference in GSI and UGTS mean percentage of 
time spent answering students’ conceptual questions approached significance (t=-1.8, d.f.=11, 
p=0.094, two-tailed). UGTSs spent about 25% of their interaction time discussing conceptual 
questions, whereas experimental and control GSIs spent approximately 5% and 1% of their time 
respectively. The large increase in these types of questions may help to explain why all instructor 
populations’ individual interaction times increased in this observation time-point. Overall, it 
seems control GSIs feel an increased freedom during the MHES to interact with their students 
for longer amounts of time, and about topics that may help students build their conceptual 
understanding and practical chemistry skills. This was one of the biggest differences from mid- 
to end of semester. Finally, UGTSs spent a significantly greater percentage of their time 
answering conceptual questions compared to either GSI population. Outside of these major 
differences, life questions remained the major difference between UGTSs and GSIs at this time 
point in the semester. Again, GSIs were never asked these types of questions at any time point in 
the semester. UGTSs remained the only instructor population with interactions in this category. 

g. Total Interaction Time by Instructor in Chemistry 112B  

An identical analysis was performed on the mid-semester audio data collected from 
Chemistry 112B (second semester chemistry for chemistry majors), although the course topic 
and laboratory topic varied dramatically. This was purely for a broad look at whether UGTSs and 
GSIs interact similarly in introductory and advanced courses. Different from the Chemistry 1AL 
data, there were no control sections in this course. Instead, there were two sections with one GSI 
and one UGTS, and there was one section with one GSI and two UGTSs. There was an 
extremely large population of UGTS applicants this semester, and there were not enough 
laboratory sections to place one UGTS per one GSI. Instead of turning UGTSs away, the 
decision was made to place two UGTSs in some sections of Chemistry 112B. The first analysis 
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performed was the average frequency of interactions per hour per population group. Independent 
samples t-tests were used to compare the means of the UGTS and GSI average number of 
interactions per hour. Figure 17 and Table 22 show this analysis. 

 

 
 

Figure 17. UGTS and GSI interaction frequency by participant group; Chemistry 112B Mid-
Semester Middle Hour 
 
Table 22. Expanded Data - UGTS and GSI interaction frequency by participant group; 
Chemistry 112B Mid-Semester Middle Hour; *p<0.05 
 

  Average SD Minimum Maximum 
UGTS 37.7 19.2 17 55 
GSI 38.7 14.6 23 52 

 
Similarly to the MHMS in Chemistry 1AL, the UGTS and the GSI interacted at about the 

same frequency per hour as each other. While the UGTSs and GSIs in Chemistry 1AL interacted 
at about 70 interactions per hour during the MHMS, the UGTSs and GSIs in Chemistry 112B 
interacted at about 40 interactions per hour. This is a large difference between the two courses, 
but may be due to the vastly different instructor and student populations involved in advanced 
second-semester organic chemistry for chemistry majors, compared to introductory first semester 
general chemistry for non-chemistry majors. The next step of analysis involved analyzing the 
total amount of time each instructor group interacted per hour in the Chemistry 112B laboratory 
session. Independent samples t-tests were used to compare the means of the UGTS and GSI 
average total interaction time per hour. Figure 18 and Table 23 illustrate this analysis below. 
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Figure 18. UGTS and GSI average interaction time per hour by participant group; Chemistry 
112B Mid-Semester Middle Hour 

 
Table 23. Expanded Data - UGTS and GSI average interaction time per hour by participant 
group; Chemistry 112B Mid-Semester Middle Hour; *p<0.05 

 
  Average SD Minimum Maximum 

UGTS 28.7 20.6 9.7 50.6 
GSI 36.6 13.3 21.3 44.8 

 
In the middle hour of the mid-semester observation in 112B, the UGTS population 

interacted for slightly less time per hour than the 1AL UGTS population, but the 112B GSI 
population interacted for slightly more time overall compared to their 1AL GSI counterparts. 
These differences were small, and may be negligible. In the next step of analysis, to mirror my 
Chemistry 1AL audio analysis, I analyzed the average individual interaction time per hour for 
each instructor population. Independent samples t-tests were used to compare the means of the 
UGTS and GSI average individual interaction time per hour. Figure 19 and Table 24 illustrate 
this analysis. 
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Figure 19. UGTS and GSI average individual interaction time per hour by participant group; 
Chemistry 112B Mid-Semester Middle Hour 
 
Table 24. Expanded Data - UGTS and GSI average individual interaction time per hour by 
participant group; Chemistry 112B Mid-Semester Middle Hour; *p<0.05 
 

  Average SD Minimum Maximum 
UGTS 0:00:47 0:01:17 0:00:03 0:11:10 
GSI 0:00:57 0:01:25 0:00:04 0:10:17 

 
 In the middle hour of the mid-semester observation in 112B, the average individual 
interaction times of each instructor population are much higher than the average individual 
interaction times of the instructor populations in the MHMS Chemistry 1AL observation. So, 
although the GSIs and UGTSs in 112B interact fewer times per hour, they spend more time per 
interaction overall. 

h. Distribution of Interaction Topics by Instructor Type in Chemistry 112B 

 To mirror my analysis of Chemistry 1AL, the next step in my analysis was to analyze the 
percentage of each instructor’s time spent discussing each interaction category. Figure 20 and 
Table 25 (shown below) illustrate the percentage of time that each instructor group spent talking 
with students about each interaction category. 
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Figure 20. Percentage of time spent by topic in Chemistry 112B (n=3 GSIs; n=4 UGTSs) 
 
 
 
 
 
 
 
 
 

0% 
5% 

10% 
15% 
20% 
25% 
30% 
35% 
40% 
45% 

In
te

rp
re

tin
g 

Ex
pe

rim
en

t 
C

on
ce

pt
ua

l 
Eq

ui
pm

en
t L

oc
at

io
n 

Eq
ui

pm
en

t U
sa

ge
 

Pr
oc

ed
ur

e 
U

G
TS

/G
SI

 c
hi

tc
ha

t 
U

G
TS

/G
SI

 c
on

su
lt 

St
ud

en
t c

hi
tc

ha
t 

St
ud

en
t c

on
su

lt 
C

he
ck

in
g 

In
 

Pr
ob

le
m

 
IS

F 
A

nn
ou

nc
em

en
t 

C
le

an
in

g 
W

as
te

 
Li

fe
 Q

ue
st

io
n 

C
ou

rs
e 

Q
ue

st
io

n 
G

ra
di

ng
 

Le
ct

ur
e 

Sa
fe

ty
 

Pe
rc

en
ta

ge
 o

f I
nt

er
ac

tio
n 

Ti
m

e 
Sp

en
t 

Participant 

Percentage of Interaction Time Spent by Interaction 
Topic - Chemistry 112B 

UGTS 

GSI 



 

 70 

 

 
 
 

 
 

 

A
verage

SD
M

inim
um

M
axim

um
A

verage
SD

M
inim

um
M

axim
um

Interpreting 
Experim

ent 
Progress

7.41%
9.75%

0.00%
18.46%

8.71%
12.21%

0.00%
22.67%

C
onceptual

0.00%
0.00%

0.00%
0.00%

4.44%
4.32%

0.00%
8.63%

Equipm
ent 

Location
0.27%

0.48%
0.00%

0.82%
0.58%

0.63%
0.00%

1.25%
Equipm

ent 
U

sage
3.61%

5.41%
0.00%

9.83%
2.45%

2.26%
0.53%

4.95%
Procedure

21.46%
16.28%

2.92%
33.42%

39.40%
25.76%

9.67%
54.73%

U
G

TS/G
SI 

chitchat
40.59%

20.71%
24.36%

63.92%
15.99%

23.20%
0.00%

42.60%
U

G
TS/G

SI 
consult

5.31%
2.11%

3.09%
7.28%

3.36%
5.82%

0.00%
10.09%

Student 
chitchat

15.35%
7.00%

9.74%
23.20%

5.77%
5.77%

0.00%
11.53%

Student 
consult

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

C
hecking In

2.71%
1.53%

1.02%
4.02%

5.76%
9.12%

0.39%
16.29%

Problem
0.00%

0.00%
0.00%

0.00%
6.90%

11.11%
0.00%

19.72%
ISF

2.65%
4.59%

0.00%
7.94%

4.34%
7.52%

0.00%
13.02%

A
nnouncem

e
nt

0.00%
0.00%

0.00%
0.00%

0.80%
0.87%

0.00%
1.72%

C
leaning

0.00%
0.00%

0.00%
0.00%

0.95%
0.95%

0.00%
1.90%

W
aste

0.00%
0.00%

0.00%
0.00%

0.55%
0.95%

0.00%
1.64%

Life Q
uestion

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

C
ourse 

Q
uestion

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

G
rading

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

Lecture
0.00%

0.00%
0.00%

0.00%
0.00%

0.00%
0.00%

0.00%
Safety

0.64%
1.10%

0.00%
1.91%

0.00%
0.00%

0.00%
0.00%

U
G

TS
G

SI

Table 25.  Expanded D
ata - Percentage of tim

e spent by topic in C
hem

istry 112B
 (n=3 G

SIs; n=4 
U

G
TSs); *p<0.05 

 



 

 71 

This data suggests that the percentage of time spent by each instructor group on each 
individual interaction topic was very different in Chemistry 112B than in Chemistry 1AL. The 
first thing that stands out in Chemistry 112B is that the UGTS population spent almost half of 
their time engaging in chitchat with the GSI. The GSIs spent 15% of their interaction time 
chitchatting with the UGTSs, and UGTSs spend 40% of their interaction time chitchatting with 
GSIs. Initially this may seem off-task as if they are distracted from the purpose of the laboratory. 
This may be, but this may also be evidence of a new near-peer interaction that I had not initially 
predicted. It is possible that, because the UGTS and the GSI both share the label of instructor, 
and are closer in age than the UGTSs are to the GSIs in Chemistry 1AL, they may view one 
another as near-peers. When I listened to the content of each of the ‘chit chat’ interactions, most 
were about research, coursework, graduate school applications, and exams. It should be noted 
that out of the 29 interactions categorized as ‘UGTS/GSI chitchat’, 17 interactions are about 
research, chemistry courses, or chemistry theory, unrelated to the laboratory session, but field-
related nonetheless. So, it seems that there is transmission of field specific knowledge from GSI 
to UGTS during a portion of the ‘chitchat’ conversations. This might be productive for the GSI 
and UGTS to discuss in order to nurture a near-peer relationship. Although it is a surprising 
result, this may not be a shortcoming. 

The other interaction category that both UGTSs and GSIs spent a large percent of their 
time talking about was ‘procedure’. These interactions included any questions asked about a step 
of the laboratory, typically clarification about how to complete a certain step. GSIs spent about 
40% of their time helping students interpret the procedure, and UGTSs spent about 20% of their 
time on this category. The laboratory experiments in Chemistry 112B are written at a slightly 
higher technical level as compared to the labs written for Chemistry 1AL. It is an expectation 
that the students in Chemistry 112B have a higher level understanding of the science, and also 
have more experience in a college laboratory setting. So, students may need guidance with 
certain procedure steps if they are unsure how to interpret the information. 

Overall, it seems that the range of topics discussed by both UGTSs and GSIs is much 
narrower in this course than it was in Chemistry 1AL. Interpreting experiment progress, 
equipment usage, and course related GSI/UGTS consults were topics that both instructors spent a 
large percentage of their time discussing in Chemistry 1AL. This was not the case in 112B. This 
could be because the students in 112B have participated in a university laboratory setting for at 
least four semesters by the time they reach this course, so they may not have as many questions 
about equipment location, equipment usage, waste disposal, and cleaning, because they have 
already mastered these skills in past laboratory courses. A major difference between Chemistry 
1AL and Chemistry 112B is that UGTSs did not participate in any interactions about life 
questions in Chemistry 112B. It could be that students are already far enough along in their 
college careers and chemistry coursework that they do not have life questions that need to be 
answered. Future analysis could be performed if one was interested in learning the distribution of 
interaction topics in an upper level organic chemistry course.  

4.9 Conclusions 
 This macro-level analysis of my audio data suggests that the presence of a UGTS in the 
laboratory section results in more interactions overall, from both the GSI and the UGTS. There 
are many possible explanations for why this might occur. One theory is that the GSIs who have 
no UGTS support in the laboratory may feel implicit pressure to keep interactions with students 
short, because they are the only student resource in the room. They may rush interactions 
because they feel that they should be available for anything that may happen in the laboratory. 
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Additionally, if they do not have help with administrative tasks such as passing back laboratory 
reports, distributing equipment, and making sure equipment is safely returned, they may feel that 
they don’t have time to interact as much as they would if they had help. Another theory that may 
explain the discrepancy in interaction time between the control and experimental GSIs is that the 
experimental GSIs may feel social pressure to interact because the UGTS spends so much time 
interacting. The UGTSs attend a weekly course that encourages student interaction and proactive 
offering of assistance. The GSIs also participate in a pedagogy course upon entering graduate 
school, but only for six weeks, so emphasis may not be as strong. For this reason, UGTSs may 
interact proactively with students for a longer amount of time than GSIs naturally would. GSIs 
may observe this high level of interaction and feel social pressure to interact as well, causing 
their interaction time to increase. Regardless of the reason for this discrepancy, a UGTS’s 
presence results in increased one-on-one instructor interaction time for students in laboratory 
sessions.  

Another meaningful discovery is that the UGTS population is the only population asked 
life questions. This is important because, if the perceived benefits reported in the literature 
surround student comfort, motivation, and expressed relatability of the near-peer instructor, then 
these life questions may prove to be support for these benefits, and life questions may correlate 
with student comfort. If UGTSs provide life advice to the undergrads, they may be a safer figure 
than the GSI with whom to interact, thereby producing the affective benefits seen reported in the 
near-peer instruction literature. Care was taken to ensure that this finding held true in multiple 
time points in the laboratory. In both the middle and last hour of the laboratory, UGTSs were, 
indeed, the only population asked about life questions. This held true during the middle hour of 
the end of semester observation as well. This is a unique benefit that UGTSs add to the 
laboratory environment that is not replaced or replicated by a GSI. 

An additional finding involved the control GSIs. During the middle hour of the mid-
semester observation, I found that the control GSIs spent most of their time interacting with 
students about base-level tasks such as cleaning and equipment location. They did not spend a 
significant amount of time discussing interaction topics that may encourage student conceptual 
understanding or practical skill application in the laboratory. Additionally, they did not 
participate significantly in interactions such as ‘checking in’ or ‘student chitchat’. In the middle 
hour of the end of semester observation, however, I saw control GSIs engage with these 
conceptual and skill building interaction topics, as well as interaction topics such as ‘checking 
in’ and ‘student chitchat’. This suggests that control GSIs become more comfortable over time 
and are able to engage with students at a more meaningful level as the semester progresses. It 
seems, in contrast, that the presence of a UGTS in the laboratory facilitates the experimental GSI 
to participate in these interaction categories immediately, and to sustain these types of 
interactions over time. 

When Chemistry 1AL audio data was compared to Chemistry 112B, significant 
differences were found. The range of interaction categories covered was much more narrow in 
112B than in 1AL. There was a significant drop in interactions about equipment location, safety, 
waste, cleaning, interpreting experiment progress, and there were no life questions asked of 
either instructor population. These results are understandable given the population of the 
Chemistry 112B course. This is the fourth laboratory course in which the students have 
participated so they may already be familiar with equipment usage, and may be familiar with 
troubleshooting and interpreting their results. Additionally, it is not surprising that there are no 
life questions asked of either instructor population. At this point in their college careers, the 
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Chemistry 112B students are sophomores, so have lived in Berkeley for over a year and may 
already be familiar with how to sign up for classes, how to choose a major, and where to live. 
Conversely, the 1AL students are new to Berkeley, and to college, so the ability to ask UGTSs 
life questions carries more weight in that environment. It is possible that the presence of a UGTS 
in the lab has maximized benefits when the students are introductory, and need more guidance. 
When students in the laboratory are more advanced and experienced in both the chemistry field 
and in their environment, the benefits of a UGTS may be less exaggerated. 

The macro-level differences between UGTSs and GSIs provide a platform with which to 
look at the data through a smaller lens. Now that it is better understood what is being talked 
about in the laboratory, it is important to understand the subtler, micro-level differences that may 
exist between UGTSs and GSIs that contribute to increased student comfort in the presence of 
the UGTS.  
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5  Transcript-Level Comparison of UGTS and GSI Interactions  
5.1 Motivation 
 Conversation analysis methodology proved to be particularly useful when beginning to 
design the transcript analysis of the audio data. Seedhouse (2004) proposes that there are five 
commonly accepted principles of conversation analysis: 1) there is order at all points in an 
interaction, 2) contributions to interactions are both context-shaped and context-renewing, 3) no 
detail can be dismissed as disorderly, accidental, or irrelevant, and 4) analysis is bottom-up and 
data driven. Once the five principles of analysis have been considered, Schegloff (1977) and 
others assert that there are four components of interactional organization to analyze within any 
given conversation (adjacency pairs and preference organization, turn taking, repair, and 
conversation termination). These four components present useful metrics by which to analyze 
conversations that are occurring, who is given authority in the conversation, and whether a 
common resolution to the conversation has occurred. Seedhouse (2004) suggests a three-step 
process to analyzing conversation once the above points have been considered. The first step is 
an open discovery process. Once a phenomenon is noticed, methodically go through data to look 
for instances of this phenomenon and connections between them (inductive database search). 
The final step is to establish regularities and patterns in relation to the phenomenon to show that 
these phenomena are produced through some sort of methodological process within the 
interaction (Seedhouse 2004, section 6.5). 

I chose Seedhouse’s three-step conversation analysis process to begin my data analysis. 
The first step of the analysis was an open listening process. Each audio recording was listened to, 
and notes were taken about characteristics that stood out, for example, commonly discussed 
topics, common issues with the lab, questions students asked, which participant typically 
initiated conversations, and a general impression of the language used. The observation notes 
were then filtered into two large categories – content instruction and pedagogy. The content 
instruction category explores two questions: 1) When a student asks a content related question, 
does the UGTS/GSI give them correct information? 2) Can the language used in student 
conversations with the GSI and UGTS be used to understand whether student content learning 
occurred? As mentioned in chapter three, Stieff et al. (2013) suggest that language plays a large 
role in content understanding when the student needs to make connections between the 
macroscopic and the microscopic (a term they have named ‘levels confusion’). This becomes 
highly relevant when considering students learning in a chemistry laboratory. The student 
interacts with the experiment in a macroscopic way. They see solutions mix together and observe 
phenomena such as precipitate formation, color change, and separation. They are then asked to 
integrate these macroscopic phenomena with their microscopic conceptual knowledge when they 
are asked to explain chemically why they obtained certain results or to explain why certain steps 
occurred in the ways they did. Stieff et al. explain that, when instructors are prepared to help 
students work through their levels confusion, students can acclimate much more quickly to new 
scientific language and new conceptual information. Brandt (2008) goes on to explain that 
students often have developed their own ways of explaining phenomena or chemical concepts, so 
when instructors can acknowledge the student’s language and guide the student from their 
everyday explanations to the chemically normative explanations, students have an easier time 
adapting to the new language of science and can integrate the new ideas into their existing world 
view.  
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The pedagogy category explores non-content related interactions and addresses questions 
such as the following: 1) What are the major differences in the ways GSIs and UGTSs talk to 
students? 2) When a GSI/UGTS interacts with a student, what are the characteristics of these 
interactions that may contribute to the affective benefits of peer learning? It is possible that 
O’Connor and Michaels (2007) theory of dialogic and monologic dialogue may play a role in 
student comfort and confidence in learning. Additionally, it may be possible that, if UGTSs 
integrate more of the students’ original ways of explaining chemical phenomena into the 
teaching experience, as Brandt (2008) suggests, students may feel more confident internalizing 
the material, and may therefore enjoy their time in the learning environment more than they 
normally would. Although these theories were used as a guiding framework, I stayed true to 
Seedhouse’s (2004) open analysis process when analyzing the audio data. The goal remained to 
identify potential differences between GSI and UGTS populations.  

To initiate the open listening process, I listened to the audio recordings for subtle 
differences between the UGTS and GSI conversations that could help to illustrate the positive 
perceived differences that students report on surveys and in interviews. If something stood out as 
a potentially important feature of the conversation, it was noted. As more audio recordings were 
listened to, certain categories continued to emerge. These categories were then coded for in all 
subsequent recordings. As was discussed in chapter one, when surveyed, students report feeling 
more comfortable telling a UGTS that they are confused, express that UGTSs are often more 
approachable than GSIs, and explicitly mention the shared experience that the UGTS possesses 
as a fellow Berkeley student taking the same courses. It was important to consider interaction 
characteristics that may have contributed to increased student comfort, ease of approaching an 
instructor, and willingness of the student to admit confusion. 
 

5.2 Content Accuracy by Instructor 
To understand whether UGTSs and GSIs provide correct content information to students, 

two metrics were created for each content-based interaction that occurred in the audio data. The 
first is a statement-by-statement coding scheme that describes whether the statement the 
GSI/UGTS made was completely correct, neutral or vague, or completely incorrect. Once a 
given interaction was transcribed, each content-based statement was identified. The content-
based statements were then scored based on the guidelines in Table 26. Once all content-based 
statements in an interaction were scored in a given interaction, their scores were added together 
and divided by the total number of statements scored. This formula provides an average for turn-
by-turn content accuracy. 

 
Table 26. Statement-by-Statement Content Scoring 

    
Single Turn Interaction  Score 
Accurate, Correct Statement 2 
Neutral, Vague Statement 1 
Incorrect Statement  0 

 
The second metric developed was a holistic coding scheme that allowed me to rate each 

interaction that a GSI or UGTS had with a student on a qualitative scale. Different from the 
scoring rubric shown in Table 26, the scoring rubric shown in Table 27 was intended for 
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interactions as a whole, instead of a single content statement within an interaction. Because more 
than one content-based statement may occur in a single interaction, all were taken into account 
when holistically scoring the interaction for accuracy. A score of S represented an interaction 
with a content explanation that exceeded the expectations for a UGTS or GSI in the lab section. 
This type of explanation went beyond the content that was necessary to understand and 
accomplish the laboratory experiment. A score of D was an interaction that contained completely 
incorrect information.  

 
Table 27. Holistic Content Scoring 
 

Holistic 
Content Score 

Things To Look For 

S 

• More than what we would expect in the lab context 
• Extra knowledge which promotes thinking 
• Discussions lead to higher level explanation about the students’ 

concern 

A 

• Perfect answer in the lab context 
• Explains WHAT is happening 

AND 
• Explains WHY it is happening in the context of the experiment 

B 
• Explains WHAT is happening 

OR 
• Explains WHY it is happening in the context of the experiment 

C • Misguiding or vague information 

D 

• Wrong calculation 
OR 

• Wrong method 
OR 

• Unable to answer or defers question to someone else 
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An example transcript between a UGTS and student is shown in Table 28 to illustrate the 
turn-by-turn and holistic scoring schemes. The content-based statements are shown in bold. 

 
Table 28. Example of content analysis on UGTS audio transcript 

 

Participant Transcript 
Turn-by-Turn 
Content Score 

UGTS: Right, so it’s not a pure biodiesel, right?  
Student: Yeah. Oh, Ok.  
UGTS: It’s biodiesel and glycerol, right? 2.0 
Student: Yeah  
UGTS: So, um/  
Student 2:  /That’s weird, cuz I put 5ml of reagent.  

UGTS: 
Right, but what is the NaCl doing? [Pause ~2 secs] 
What’s the purpose of it?   

Student 2: I don’t know.  

UGTS: 

Ok, so the NaCl is pulling out like water and other 
polar compounds right cuz it’s ionic. So it’s attracting 
water and like polar stuff/ 1.5 

Student 2: /So it’s getting more/  
UGTS: /So it’s going to get more stuff in it right?  
Student 2: Mhm  
UGTS: So that’s why if you put 5ml in/  
Student 2: /Mhm  

UGTS: 

You’re not necessarily going to get 5ml out. Now what 
you guys got is a lot more than I was expecting. I don’t 
know why that is so maybe you want to ask [GSI], cuz 
like I don’t know. But you should expect the NaCl 
wash to gain mass. 2.0 

   
 
 
Average Turn-by-Turn Content Score: 

(2.0+ 1.5+ 2.0)÷ 3 = 1.83 
 
Holistic Content Score:  A 
 
 The interaction shown in Table 28 was given a holistic score of an A because, in the 
context of the lab, the UGTS is expected to be able to explain what is happening, and why it is 
happening. The ‘what’ in this case is that the layers are separating, and they have different 
components in each layer after the addition of the saturated NaCl solution. The ‘why’ in this case 
is that the saturated NaCl solution is extracting polar impurities from the biodiesel sample 
(methanol and water), in order to leave the biodiesel and a small amount of excess water in a 
single layer. The UGTS attempts to explain to the student how this is happening. Although not 
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completely content-correct, this is an acceptable outcome that would be expected from a UGTS 
in their particular situation. 
 This content scoring served as a useful mechanism with which to begin my micro-level 
conversation analysis. Four sections from Chemistry 1AL were chosen as a test population with 
which to use these content-scoring metrics. The audio recordings were fast forwarded to the 
middle hour of the laboratory, and the first ten interactions were scored according to the above 
two metrics. If an interaction did not contain any content-based statements, that was noted. This 
process was repeated for the GSI and UGTS from each of the four chosen sections. It was 
reassuring to learn that the majority of UGTSs and GSIs score a 1.5 or higher for each turn-by-
turn content interaction, and that the majority of UGTSs and GSIs score an A, holistically. Out of 
40 GSI interactions, 35 were content-based. Of these 35 content-based statements, all 35 scored a 
2, and an A. Of 40 UGTS interactions, 37 were content-based interactions. Of these 37 
interactions, 30 interactions scored a 2, five interactions scored a 1.5, one interaction received a 
score of 1 and, finally, one interaction scored a 0. Holistically, 34 of the UGTS interactions 
scored an A and three UGTS interactions scored a B. So, overall this reassured me that the 
UGTSs and GSIs all provide accurate content information to students in the laboratory.  

These results suggest that content accuracy is accounted for in UGTS and GSI 
interactions with students, and there are not significant differences between the two populations. 
Both GSIs and UGTSs scored highly on both the content-based scoring metric and the holistic 
scoring metric. GSIs scored slightly higher than UGTSs overall, which is not surprising, given 
that GSIs have studied chemistry for much longer than UGTSs, and may be better prepared to 
explain conceptual information to students. Pedagogy became my next topic of analysis. My goal 
was to understand how student conversations with UGTSs and GSIs differ, and to understand 
how these different types of conversations may contribute to students’ perceived learning 
experiences with each instructor population.   

5.3 Pedagogical Approach by Instructor  
I started the pedagogical analysis by categorizing my audio notes into the following 

categories. Similarly to content analysis described in the section above, I used the same four 
laboratory sections as my test sample. These sections were chosen to represent the different types 
of instructor combinations that could exist in the laboratory sections. One section contained an 
experienced GSI who spoke English as a first language, one contained a new GSI who spoke 
English as a first language, the third contained an experienced GSI who did not speak English as 
a first language, and the fourth section contained a new GSI who did not speak English as a first 
language. I had already transcribed the first ten interactions for each instructor population in each 
section for my content analysis above, so I used the same transcripts for a pilot of this analysis. 
Many of the pedagogical categories shown below were created based on Schegloff’s (1973, 
1984, 1977) work, and adapted for the Undergraduate Teacher-Scholar Program. This framework 
of questions was used as a guide instead of a strict framework with which to approach the audio 
interaction data. 
 
Turn Taking 

• Number of turns taken  
• Number of times speaker selects next  
• Number of times speaker leaves open  
• Number of times speaker selects self 
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Question/Answer 
• Did the UGTS/GSI address the concern the student had?  
• At the end of the interaction, was it clear the student understood?  
• Number of times the UGTS/GSI "circles back" (remember the example from...; so what 

did you do in the last step..., etc.) 
• Did the student produce the answer on his/her own? (yes/no)  
• If no to above, how many turns before UGTS/GSI provided answer?  
• If UGTS/GSI provided answer, did UGTS/GSI ask a follow-up question to confirm 

student understanding?  
• Was the follow-up guided or direct?  
• If there was a follow-up, did the student produce the answer to the follow-up?  
 

General Characteristics of Talk 
• Statements the UGTS/GSI made were: (too open, guided, too direct)  
• Language the UGTS/GSI used was: (everyday language, textbook language)  

 

5.3.1 Micro-level Interaction Characteristics 

a. Turn Taking 

When I analyzed the pilot interaction transcripts with the above questions in mind, trends 
began to emerge from the data. I began this analysis by documenting the surface-level 
characteristics of each transcript – how many turns were taken during the interaction and how 
many individual questions were asked during a given interaction. The average number of turns 
taken per interaction in a UGTS-student interaction is 12 and, in a GSI-student interaction, the 
average number of turns taken per interaction is ten. Within those interactions, the average 
number of turns between individual questions and answers is four. 

 

b. Confirmed Student Understanding 

The next aspect of student-instructor interactions that I chose to investigate was whether 
it was clear that the student had resolved his or her initial confusion by the end of the interaction. 
Conceptual learning and understanding is a major goal of the laboratory curriculum, so it is our 
hope that, when a student is confused, they are able to reconcile that confusion with the 
assistance of the instructor. When listening to the audio interactions, the only ways to know 
whether a student had reconciled their confusion were a) if the student verbalized their 
understanding by the end of the interaction or b) if the instructor asked the student a series of 
questions and their answers supported a normative understanding. If a student responded with 
few words, or gave a generic response such as “mhm” or “yeah”, it was difficult to confirm 
whether the student resolved their confusion by the end of the interaction. When listening to the 
sample transcripts it was only clear one time out of 15 interaction samples that the student had 
resolved his/her confusion in interactions with UGTSs. It was clear only two out of 15 times that 
a student had resolved his/her confusion in interactions with the GSIs.  



 

 80 

This stood out as an interesting phenomenon. I decided to expand this analysis to 
investigate how often students audibly confirm their understanding at the end of an instructor 
interaction. I expanded the analysis to the middle hour of the mid-semester observation – the 
same data set I used for my analysis in chapter three. Any time a student asked a question, I 
listened to whether student verbalization of understanding occurred by the end of the interaction. 
Student verbalization included any time the student reiterated the normative conceptual 
understanding and any time the student correctly answered a series of questions posed by the 
UGTS of GSI that tested student understanding. If a student responded “mhm”, “yeah”, or “ok”, 
this was considered unclear whether the student understood, and was not qualified as confirmed 
student understanding.  

Because questions about equipment, cleaning, and waste are usually answered directly, 
and not in a way that attempts to lead students to a normative understanding, I limited this 
analysis to student questions about interpreting experiment progress, and questions about 
chemistry concepts. These categories provide the greatest opportunity for students to move from 
confusion to a normative conceptual understanding of the topic about which they were originally 
confused. When listening to the GSI and UGTS interactions in the Biofuels II lab, most of the 
interactions that were categorized as interpreting experiment progress or as conceptual questions 
were interactions about the addition of saturated NaCl solution to their sample, and the addition 
of MgSO4. When listening to the audio interactions, the following three categories began to 
emerge: 
 

1. Many students are unsure of how to interpret the separation between the aqueous layer, 
and the layer containing their biodiesel 

2. Many students don’t understand how to tell whether they’ve added enough NaCl, or if 
they’ve removed enough of their aqueous layer 

3. Many students don’t understand how to know whether they’ve added enough MgSO4 to 
extract all of the water.  

 
In Table 29 below, I provide an example of an interaction in which a student verbalized 

their understanding about layer separation due to density. At the beginning of the conversation, 
the student was unsure about which layer was the aqueous layer and which was the biodiesel 
layer. By the end of the interaction, the student understood that the water layer is on the bottom 
because it is denser than the other layer. The student clearly provided this explanation and the 
UGTS confirmed the student’s understanding. 
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Table 29.  Example of UGTS-student transcript in which a student verbalizes their 
understanding of density and layer separation 
 

Participant Transcript Laboratory Context Notes 
Student So when we added the 

sodium chloride into 
our glycerol… Is it 
glycerol? No the 
biodiesel. Uh we are 
supposed to find a 
layer of water but our 
mixture is mixed 
really well and we 
can’t find the layer. 
 

The students have 
added a saturated 
NaCl solution to their 
sample and are having 
trouble distinguishing 
the layer separation 
(aqueous layer and 
biodiesel layer). The 
student is unclear how 
to locate the 
separation. 

 

UGTS Nope you’ve got it. 
Or like what do you 
see? 

The UGTS confirms 
their result is 
expected, and then 
asks the student to 
explain to him what 
they observe. 

Asked a probing 
question to get the 
student to explain. 

Student Like right here, it 
seems to be a bit more 
cloudy here. 
 

Student explains what 
they observe in their 
sample. 

 

UGTS Mhm   
Student …and more yellow at 

the top. 
  

UGTS Right, so?  UGTS tries to get 
the student to keep 
working through 
their observations. 
Urges them to 
continue talking. 

Student Is this water? Ok.  Student takes a 
guess at which layer 
the water is. 

UGTS How did you know it 
was the water?  

 UGTS tries to 
understand if the 
student guessed, or 
if they have a reason 
for guessing which 
layer the water layer 
was. 

Student It just looks a bit more 
like water. I’m not 
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sure. 
UGTS Some people would 

say “oh its like less 
clear so” so like why? 
Some people would 
say, “water is more 
clear”. Why is it not 
the top layer? You are 
right though; it is 
water, but why? 
 

 UGTS challenges 
them a little to get 
them to explain their 
proposal. He says 
that some people 
wouldn’t believe 
that layer was water 
because it’s less 
clear than the other 
layer. He confirms 
that they identified 
the layer correctly 
but asks again why 
they knew it was 
water. 

Student It’s probably because 
it is more dense than 
um the other part. 
 

 Student connects the 
concept of density to 
their observations, 
and verbalizes their 
understanding. 

UGTS Exactly  UGTS confirms 
student’s 
explanation. 

Student It’s like supposed to 
be 1 whereas that is 
0.8. Right okay. 
 

 Student offers 
numerical density 
values to support 
their hypothesis.  

UGTS Right exactly you are 
good. You guys got it. 
 

 UGTS again 
confirms their 
understanding. 

    
 

In contrast, in Table 30 shown below, I provide an example of an interaction in which a 
student expressed the desire to understand the function of the MgSO4 in the purification process. 
The interaction ends without verbalization of understanding by the student. It is unclear whether 
the student’s original question was answered in a way that facilitated their understanding.  
 
Table 30. Example of UGTS-student transcript in which a student does not verbalize their 
understanding of the role of MgSO4 
 

Participant Transcript Laboratory Context Notes 
Student What does water 

do to the SO4? 
The student has just added 
MgSO4 to their tube. The purpose 
of this addition is to remove any 
excess water from the biodiesel 
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sample. The student is trying to 
form a question to ask the GSI 
what the MgSO4 is doing in this 
process. 

GSI Um, if you wanna 
take some of the 
white layer, you 
can. 

 The GSI blows 
past the student’s 
question about the 
role of the SO4 
(the MgSO4 
addition) and just 
focuses on getting 
the laboratory step 
done as quickly as 
possible – he tells 
the student that it’s 
ok if he gets a little 
of the cloudy layer 
in her sample. 

Student What is the white 
layer exactly? 

 Although her 
original question 
didn’t get 
answered, the 
student asks the 
GSI what the 
“white layer” that 
the GSI just 
referred to (they’re 
talking about the 
cloudy strip 
between the white 
precipitate and the 
yellow biodiesel 
layer) is exactly.  

GSI Um, it’s basically 
little bits of 
emulsion from the 
top… the biodiesel 
layer, still kind of 
mixed in with 
bottom stuff. Like, 
in between. It’s 
gonna get cloudier 
there. You’re not 
gonna get it 
perfect, but … 
yeah. 

 The GSI gives a 
book-like 
definition of what 
the white layer is, 
and again retreats 
to telling the 
student how to get 
the laboratory step 
done quickly. This 
was an opportunity 
to reward student 
curiosity and turn 
their question into 
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a productive 
learning 
conversation. It 
was squandered 
and the student 
never got the 
answer to their 
original question. 

    
 

After listening to the middle hour of the mid-semester observation, I counted 87 student-
GSI interactions that were categorized as interpreting experiment progress or conceptual 
questions, 63 student-UGTS interactions, and 20 student-GSI (control) interactions. Of these 
interactions, I counted the number of times in which a student verbalizes their understanding by 
the end of the interaction. Table 31 illustrates these findings.  

 
Table 31. Number of times a student confirmed their understanding by instructor population 

 
 Total Number of 

Interactions 
(interpreting 
experiment progress, 
conceptual) 

Total Number of 
Interactions in which 
Student Verbalized 
Understanding 

Percent of 
Interactions that end 
in Verbalized Student 
Understanding 

GSI 87 8 9% 
UGTS 63 12 19% 
GSI (control) 20 0 0% 

 
From the data shown in Table 31 above, it seems that it is rare for students to verbalize 

their understanding in interactions with UGTSs and GSIs. Something that I noticed about the 
transcript shown in Table 29 is that, when the instructor asks the student a guiding question or 
asks them to explain their thoughts, the student has an opportunity to verbalize their 
understanding. In interactions like the one shown in Table 30, the instructor did not ask any 
guiding questions, but rather explained concepts to the student using statements. The student was 
not given an opportunity to verbalize understanding. One hypothesis to explain why interactions 
that contain student verbalization of understanding are so rare is that the instructors do not 
provide opportunities for students to verbalize their understanding and instead, choose to tell the 
student the correct answer or normative explanation. To understand how often this occurs in 
UGTS and GSI interactions, I counted the number of interactions in which the UGTS or GSI 
asked the student a leading question or asked the student a question that allowed them to 
verbalize their understanding at the end of the interaction. Table 32 shows these results. 
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Table 32. Number of times an instructor provided an opportunity for student to verbalize their 
understanding by instructor population 

 
 Total Number of 

Interactions (interpreting 
experiment progress, 
conceptual) 

Total Number of 
Interactions in which 
Instructors Provided 
Opportunities to 
Verbalize 
Understanding 

Percent of 
Interactions in 
which Instructor 
Provided an 
Opportunity for 
Student to Verbalize 
Understanding 

GSI 87 9 10% 
UGTS 63 13 21% 
GSI (control) 20 0 0% 

 
 This data suggests that instructors ask students leading questions a relatively small 
percentage of the time. Overall, the UGTS population asked students more leading questions and 
gave them more opportunities to verbalize their understanding. UGTS interactions also resulted 
in a higher number of students verbalizing their understanding at the end of an interaction, 
although these numbers were very small overall. This does not mean that students are definitely 
confused at the end of the majority of their interactions, but rather that there is no definitive 
result of student understanding for the majority of GSI and UGTS interactions. It seems that the 
number of interactions that contain leading questions is correlated with the number of 
interactions in which a student verbalizes their understanding. Out of nine interactions in which a 
GSI asked the student guiding questions, eight showed student verbalization of understanding. 
Out of 13 interactions in which a UGTS asked a student guiding questions, 12 showed student 
verbalization of understanding. This makes sense because students are given an explicit 
opportunity to explain. In interactions in which instructors do not ask students to verbalize their 
understanding, the student must proactively do this, which may not be the students’ natural 
response. It should also be noted that all UGTS, GSI, and Control GSI sections contained some 
number of closed ended questions in addition to the many GSI and UGTS interactions that 
contained open ended, guiding, and probing questions. This is consistent with O’Connor and 
Michaels (2007) theory that a combination of monologic and dialogic discourse is ideal for 
student learning and concept integration. The sections with higher numbers of guiding questions 
posed by the instructor had more frequent instances of student verbalization of their 
understanding.  

  Some interactions fell somewhere in the middle of this spectrum, with the instructor 
asking guiding questions, but without student verbalization of understanding. Table 33 below 
shows an example of this type of interaction. 
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Table 33. Example of UGTS-student transcript in which the UGTS asks the student guiding 
questions, but the student does not verbalize understanding by the end of the interaction 
 

Participant Transcript Laboratory Context Notes 

UGTS: Right, so it’s not a 
pure biodiesel, right? 

The UGTS overhears a 
student tell their lab 
partner that they don’t 
understand what the 
layers are made of, and 
that they think one of 
the layers is pure 
biodiesel. 

UGTS asks the student 
a guiding question 
instead of just telling 
them the composition of 
each layer. 

Student: Yeah. Oh, Ok.   

UGTS: It’s biodiesel and 
glycerol, right?  

The student still 
sounded confused in the 
above statement, so the 
UGTS decided to probe 
further, with a more 
specific guided 
question. 

Student: 
 
 

Yeah   

UGTS: So, um/   

Student 2:  /That’s weird, cuz I 
put 5ml of reagent.  

It becomes clear that the 
student is confused 
about the aqueous layer 
– he added 5mL of 
NaCl solution, but the 
aqueous layer is much 
more than 5mL, because 
it has extracted 
impurities from the 
biodiesel layer. 

UGTS: 
Right, but what is the 
NaCl doing? What’s 
the purpose of it?  

 

The UGTS asks another 
guiding question to try 
to get the student to 
realize the purpose of 
the NaCl wash – to 
remove impurities from 
the biodiesel sample – 
so the volume of the 
aqueous layer will be 
greater than the volume 
of the NaCl solution 
alone. 
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Student 2: 
 
I don’t know. 
 

  

UGTS: 

Ok, so the NaCl is 
pulling out like water 
and other polar 
compounds right cuz 
it’s ionic. So it’s 
attracting water and 
like polar stuff/ 

 

The UGTS attempts to 
tell the student what the 
role of the NaCl is, to 
help the student 
understand why the 
volume of the aqueous 
layer exceeds the 
volume of NaCl 
solution the student 
added. 

Student 2: /So it’s getting more/  

 
This was an opportunity 
for the UGTS to 
understand how much 
the student understands  

UGTS: /So it’s going to get 
more stuff in it right?  

 
The UGTS squandered 
the above opportunity to 
teach, because the 
UGTS interrupts the 
student to finish their 
statement. 

Student: Mhm  

Now it’s unclear if the 
student truly 
understands, or if 
they’re just agreeing 
because they were 
interrupted before, or if 
they’re just agreeing 
because they’re too 
confused to know what 
question to ask. 

UGTS: So that’s why if you 
put 5ml in/   

Student: /Mhm   

UGTS: 

You’re not necessarily 
going to get 5ml out. 
Now what you guys 
got is a lot more than 
I was expecting. I 
don’t know why that 
is so maybe you want 
to ask [GSI], cuz like 

 

The UGTS finishes off 
the explanation, but 
never confirms with the 
student whether they 
truly understand – a 
good way to do this 
would have been to ask 
a follow-up question, or 
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I don’t know. But you 
should expect the 
NaCl wash to gain 
mass. 

to ask the student to re-
verbalize what they just 
learned. 

    
 
 In Table 33, the UGTS tries to guide the student to the normative understanding by 
asking leading questions. The leading questions start broad, and then become more pointed as the 
conversation progresses and the UGTS realizes the student isn’t contributing responses to the 
dialogue (only responding with “mhm”). There was one instance where the student attempted to 
share his own explanation, but was interrupted by the UGTS, who was still finishing the 
explanation. After the student was interrupted, they did not offer their explanation at any other 
point in the interaction. It’s difficult to say whether the interrupting caused the student to shut 
down, or whether the UGTS provided enough information in the later part of the interaction so 
that the student felt satisfied. The original confusion was about the role of the saturated NaCl 
solution in the biodiesel purification process. They did not understand why, if they added 5mL of 
saturated NaCl solution, their aqueous layer was greater than 5mL. The reason the layer gains 
volume is because there is more than just NaCl in the aqueous layer once the wash has 
performed it’s duty – there are polar impurities in the layer as well. It is unclear, however, that 
the student came away from the interaction with this understanding because “mhm” was the only 
response given by the student. They were not asked to restate what had been learned, and there 
was not a follow-up question to test whether the student understood the original confusion. 

c. Group Interactions 

When analyzing student-instructor interactions, another phenomenon also surfaced. It 
seemed from the sample transcripts, and from listening to the middle hour of the mid-semester 
observation, that group interactions are generally very rare. The UGTS and GSI almost never 
explicitly include both lab partners in their discussions when a student presents a question and 
almost always address the single student who originally asked the question. An example of an 
interaction in which an instructor explicitly includes a second student in an interaction is shown 
in Table 34 below. 
 
Table 34. Example of UGTS-student transcript in which the UGTS explicitly includes an 
additional student in the conversation 
 

Participant Transcript Laboratory Context Notes 
Student 1 I was just wondering, 

I was just confused on 
converting this 
concentration to 
molarity? I guess, 
how do you do that? 
 

One of the questions 
written in the 
laboratory manual 
asks students to 
calculate molarity. 
The student is 
wondering how to 
make this calculation 
with the values they 
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are given. 
UGTS Right, okay, uh…   
Student 1 I know we were given 

the molar mass, but 
we also have like a 
volume and mass, 
how many milliliters 
we add to this? Is that 
supposed to be from 
the last lab or 
something? 
 

  

UGTS So, you can use the… 
you can convert 
weight by volume into 
molarity. 
 

 UGTS’s tone seems 
a little hesitant  

Student 1 Okay…   
UGTS Wait let me double 

check real quick, um, 
you had grams per 
mole and you know 
weight by volume. 
 

 UGTS seems to be 
thinking through the 
problem out loud 

Student 1 So it’s in grams per 
milliliter, right? The 
weight...volume. 
 

  

UGTS Yeah, it is, grams per 
milliliter, do you think 
you can go from there 
to reach/ 
 

  

Student 1 /I just don’t know 
how many grams and 
milliliters we had 
originally, grams  
of the actual biodiesel 
and grams of, er, the 
volume of the 
biodiesel, so that’s 
why I’m confused, I 
can’t make that 
conversion without 
those values, can I? 
 

 Student interrupts 
UGTS to explain 
that she doesn’t 
know how to get the 
grams per milliliter  
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UGTS Uh, percent weight, 
isn’t this 0.65/1mL... 
lemme check... [2nd 
student’s name] can I 
check your 
calculations for the 
molarity...oh so you 
had 1 molar, so this 
came from... where 
did this come from? 
 

 UGTS proposes a 
value for percent 
weight but then 
decides to ask a 
student from a 
different lab group 
if he can see the 
calculation that they 
used for this 
problem. 

Student 2 That was for the tert-
butanol, so it was easy 
to calculate. 
 

 The student 
explains her 
calculation 

UGTS And the percent 
weight would 
be...0.625/mL 
 

 The UGTS proposes 
a percent weight to 
clarify with the 
second student. 

Student 2 The percent weight is 
per 100 mL 
 

 The second student 
corrects the UGTS  

Student 1 Oh so that’s just 
grams/mL right...okay 
alright, thank you. 
 

 The original student 
understands how to 
solve the problem 
based on the second 
student’s help. 

    
 
 In the interaction shown above, the UGTS decided to include a second student in the 
interaction in order to understand how to solve a problem. Once the second student became 
involved in the conversation, the two students and the UGTS were able to resolve the original 
student’s confusion. It was very rare, however, to hear an interaction in which the UGTS or GSI 
explicitly included an additional student in their interactions. I counted up the total number of 
GSI, UGTS, and GSI (control) interactions in which an additional student was explicitly 
included in an interaction. I decided to include all interaction categories because inclusion of an 
additional student did not seem like a topic specific phenomenon.  Table 35 shown below 
illustrates the total number of times during the middle hour of the mid-semester observation that 
the instructor explicitly included more than one student in their interaction. Because audio data 
only allows me to understand when the instructor verbally includes an additional student in an 
interaction, it is possible that additional students are more frequently included in interactions in 
non-verbal ways.  
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Table 35. Number of times an instructor included more than one student in their conversation 
 

 Total Number of 
Interactions (all 
categories) 

Total Number of 
Interactions in which 
an Instructor Includes 
More than 1 Student 

Percentage of 
Interactions in 
which Instructors 
Include More than 1 
Student in a 
Conversation 

GSI 570 2 0.4% 
UGTS 608 3 0.5% 
GSI (control) 82 0 0% 

 
 The data above suggest that both UGTSs and GSIs very rarely include additional students 
in their interactions. It is possible that this would be an opportunity for teacher preparation. By 
instructing UGTSs and GSIs to increase the number of group interactions they have with 
students, discussion may increase and questions might be answered more efficiently as was seen 
in the transcript in Table 34. 

d. Empathy and Student Language 

 The final interaction qualities of which I took note were empathy and student language 
mirroring. In this context, the word empathy is used to describe any time an instructor relates to 
the student with whom they are speaking in a way that makes the student know that the instructor 
understands what they are going through. Brandt (2008) argues that students come into a 
learning experience with their own ways of explaining the world. If an instructor can 
acknowledge those ways of explaining, and can help scaffold a student’s language use from their 
own language to the normative scientific way of explaining, the student will be more successful 
in understanding. Statements that acknowledge students’ natural ways of explaining the world 
and validate students’ experiences could contribute to students’ feelings of being understood by 
UGTSs, and their increased comfort level expressing confusion and frustration to UGTSs. An 
excerpt of an interaction in which an instructor uses empathy is shown in Table 36 below. 
 
Table 36. Example of UGTS-student transcript in which the UGTS uses empathy 
 

Participant Transcript  Laboratory Context Notes 
UGTS How are you guys 

doing? Are you doing 
viscosity yet? 

Students must test the 
viscosity of glycerol, 
biodiesel, and other 
substances to 
understand how 
viscosity relates to 
molecular structure 
and interaction. The 
glycerol is very 
viscous and so it takes 
a long time to travel 

UGTS checks in 
with students to see 
where they are in 
the experiment.  
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down their tube. 
Student Yeah. Do we 

seriously have to wait 
for all the glycerol to 
go down? It’s taking 
forever. 

  

UGTS Yeah. It totally sucks. 
Glycerol seriously 
goes so slow. It’s the 
worst. But at least you 
started it early so you 
still have plenty of 
time. You could start 
the other ones at the 
same time or start 
cleaning up the oil in 
the meantime if your 
partner watches the 
glycerol. 

 UGTS uses 
empathy by saying 
“It totally sucks.” 
This shows the 
student that the 
UGTS agrees with 
their frustration and 
understands that 
they wish it would 
go faster. The 
UGTS gives a tip on 
how to move 
through the other 
steps 
simultaneously. 

Student Yeah ok. Oh, for the 
biodiesel one, do we 
use our own or the 
commercial biodiesel? 

 Student asks a 
follow-up question. 

UGTS You use your own.   
    

 
 In the transcript shown in Table 36, the UGTS shows the students that she understands 
their frustration and agrees that she wishes glycerol would move faster. She suggests that the 
students complete other laboratory steps while waiting for the glycerol viscosity test to finish in 
order to help them get out faster. By interacting with the students in this way, she shows them 
that she understands and that they are not alone in their emotions. Statements of empathy 
occurred the most in UGTS populations but did occur sometimes in GSI populations. Overall 
statements of empathy were not extremely common. The statements of empathy that were made, 
however, did seem to elicit a follow-up question from students each time. In the example above, 
the student asked the UGTS to clarify a part of the procedure – whether they were supposed to 
test viscosity of their own biodiesel or the commercial biodiesel that was provided to them in the 
laboratory.  
 The final aspect of interactions I noticed was when instructors chose to use the student’s 
original language in their explanations. If a student is presented with a new way of explaining the 
world, without their own language acknowledged, Brandt (2008) argues that it is much more 
difficult for a student to reach a level of understanding. Undergraduates have their own ways of 
explaining the physical phenomena that occur during the course of a laboratory experiment. 
Sometimes, they use language that was presented to them in their courses or textbooks, but other 
times students describe phenomena as they appear. If an instructor can recognize that students 
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have their own unique ways of explaining their observations and can use those ways of 
explaining when teaching, the learning experience could be more productive. An example of an 
interaction in which an instructor mirrors student language in their explanation is shown below in 
Table 37. 
 
Table 37. Example of UGTS-student transcript in which the UGTS mirrors student language 
 

Participant Transcript Laboratory Context Notes 
UGTS I need to check your 

vacuum setup before 
you start. 

The students use a 
vacuum filter for the 
first time. The UGTSs 
and GSIs circulate 
around the room to 
check their filter setup 
to make sure 
everything is correct 
before they run their 
samples through the 
filter.  

 

Student How exactly do we do 
this? It this thingy 
supposed to suck the 
liquid through? And 
then the white stuff 
will get stuck? 

 Student uses 
“thingy” to refer to 
the hose and “white 
stuff” to refer to the 
precipitate which 
was formed when 
MgSO4 extracted 
the excess water 
from their biodiesel 
sample. 

UGTS Yes, this thingy sucks 
air out of your flask 
and that drop in 
pressure pulls the 
liquid through the 
filter. And then you’re 
left with your 
biodiesel in the flask 
and the white stuff 
stays on the filter. 
Then you can throw 
that away.  

 The UGTS mirrors 
the student 
language by using 
“thingy” and 
“white stuff”.  

Student Oh we can throw it 
away? 

  

UGTS Yeah you just want 
your biodiesel. 
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According to Brandt (2008) this mirroring could be productive in aiding student 
understanding. It is possible that, if the UGTS in the example above had used words such as 
“vacuum hose” or “precipitate” it might have caused confusion, or forced the student to use a 
new word instead of using her previous way of explaining her observations. UGTSs use student 
language at a higher frequency than GSIs, but both use it to some degree.  
 I counted the total number of interactions in which each instructor population (UGTSs, 
GSIs, and control GSIs) use empathy and the total number of interactions in which they use 
student language in their explanations. The results are shown below in Tables 38 and 39. 
 
Table 38. Number of times in which an instructor used empathy 
 

 Total Number of 
Interactions (all 
categories) 

Total Number of 
Interactions in which 
an Instructor uses 
Empathy 

Percentage of 
Interactions in which 
Instructors use 
Empathy 

GSI 570 5 0.9% 
UGTS 608 29 4.8% 
GSI (control) 82 0 0% 

 
Table 39. Number of times in which an instructor used student language in their explanation 
 

 Total Number of 
Interactions (all 
categories) 

Total Number of 
Interactions in which 
an Instructor uses 
Student Language 

Percentage of 
Interactions in which 
Instructors uses 
Student Language 

GSI 570 7 1.2% 
UGTS 608 15 2.5% 
GSI (control) 82 1 1.2% 

5.4 Conclusions 
 Analyzing student-instructor interactions on a transcript level uncovered many interesting 
themes in the conversation data. I began this portion of my analysis by studying content accuracy 
of instructor explanations to students and found that all instructors perform at a high level when 
explaining content. GSIs score slightly higher than UGTSs, which is expected given that they 
have a much more experience with the subject matter. But, overall, GSIs, UGTSs, and control 
GSIs all perform at a high level on a statement-by-statement and holistic content evaluation 
metric. 
 I used Seedhouse’s (2004) open listening process to begin my analysis of pedagogy in the 
three instructor populations. After noting trends, and interesting topics that occurred in the audio 
data, four main trends emerged from the data. I decided to analyze student-instructor interactions 
for evidence of student understanding, for evidence of group interactions, and for instances in 
which the instructor displayed empathy or student language mirroring. There is evidence in the 
literature, especially from Brandt (2008) to suggest that empathy and student language mirroring 
are beneficial to student learning. If there was a real-time difference in these categories between 
UGTSs and GSIs, it could provide evidence for perceived differences in learning experience 
when taught by a near-peer instructor compared to a non-near peer instructor.  
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 My findings were surprising. In all four of the categories described above, there were 
very few interactions in which the student verbalized their understanding by the end of the 
interaction. Additionally, there were very few interactions overall in which the instructor 
included more than one student in an interaction, and in which the instructor used empathy or 
student language mirroring. These trends did exist, but not at a high frequency.  
 If these characteristics of interactions are indeed beneficial to learning, as the literature 
suggests, this provides an opportunity for instructor preparation and program improvement. If 
instructors can be taught to end each interaction with a guiding question to probe student 
understanding, it is possible that they will better be able to monitor their students’ understanding 
and will be better prepared to know whether they need to spend more time explaining a concept 
to their students. In addition, if instructors are taught to include more than one student in an 
interaction, it is possible that this will help facilitate the sharing of ideas and problem solving 
strategies. Finally, if empathy and use of student language improve the learning experience, there 
is an opportunity to train instructors to use these methods when interacting one-on-one with 
students. Although these phenomena happen at a low frequency compared to the total number of 
interactions that occur per hour, or within a given laboratory session, it is promising that these 
conversation characteristics occur at all. This provides an opportunity for future program 
improvement, in order to create the most supportive learning environment possible for students. 
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6 Conclusions 
 The Undergraduate Teacher-Scholar Program provided the ideal environment in which to 
study the real-time differences in student interactions with near-peer and non near-peer 
instructors in a chemistry laboratory setting. Survey, interview, and focus group data indicated 
that students’ perceived experiences with UGTSs were different than those with GSIs. Students 
reported feeling more comfortable asking questions of the UGTS and admitting confusion, and 
reported asking UGTSs questions about life at Berkeley due to their shared student experience in 
that environment. GSIs expressed appreciation for the UGTSs specific past experience with the 
course laboratories that they were teaching, and explained that some students seemed more 
comfortable asking the UGTS questions during the laboratory period, again pointing to the 
possibility of a real-time difference in interaction. 
 Audio data suggests that laboratory sections with UGTSs provide students with 
significantly more interaction time compared to laboratory sections without UGTSs. Although all 
instructor populations in control and experimental sections participated in approximately the 
same number of interactions per hour, the experimental GSIs and UGTSs interacted for 
significantly more time per hour than the control GSIs. Additionally, the experimental GSIs and 
UGTSs spent significantly more time per individual interaction than the control GSIs.  

Multiple hypotheses may explain this phenomenon such as increased instructor stress in 
control populations due to being the only resource available in a room of 30 students and feeling 
stretched for time. The experimental GSI may not feel as much pressure to move quickly from 
one student interaction to another, because the UGTS is able to answer other student questions at 
the same time. An alternative hypothesis is that the UGTSs spend a longer amount of time on 
each student interaction because their pedagogical training involves an emphasis on asking 
leading questions rather than providing the normative explanation to students directly. This form 
of interaction takes more time than the alternative. It is possible that GSIs observe UGTSs 
engaging in these types of interactions and feel a certain amount of social pressure to interact 
with students in similar ways, or at least for longer amounts of time. Regardless of cause, the 
data suggests the presence of the UGTS in the laboratory contributes to a significant increase in 
student-instructor interaction time in laboratory sections. Although this specific level of data 
analysis did not expose significant differences between UGTSs and GSIs, the increase in student-
instructor interaction time between control and experimental sections proves to be a meaningful 
benefit provided by the Undergraduate Teacher-Scholar Program. 

I uncovered a significant difference in student-instructor interaction topics in control 
sections versus experimental sections. The data suggests that all instructor populations in both 
control and experimental groups spent a portion of their time helping students interpret their 
experimental results, which is a positive outcome given that experiment execution and results 
interpretation are two major goals of laboratory courses. Beyond that category, control GSIs 
spent the majority of their interaction time discussing administrative topics with students such as 
cleaning, waste, and equipment location. In contrast, when a UGTS was present, the 
experimental GSIs spent more time talking about topics that may influence student conceptual 
understanding to a greater extent such as equipment usage and questions about interpreting the 
procedure. The UGTSs seem to share the administrative duties with GSIs, and were also able to 
interact with students about topics such as procedure interpretation, and equipment usage. 
Another major difference between the control and experimental sections was that UGTSs and 
GSIs in experimental sections spent a non-negligible portion of their time checking in with 
students without student question prompting, and answering conceptual questions (those 
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questions related to the lab, but beyond the scope of what was asked in the procedural questions). 
These categories of interaction were almost nonexistent in control GSI populations. This may be 
due to the above-mentioned stress of being the only resource in the room, making control GSIs 
less likely to initiate an interaction without the presence of a student question, and less likely to 
spend a significant amount of time on questions that are unessential to completing the laboratory 
experiment. In the end of semester observation, however, the control GSIs were able to interact 
about topics that may influence student conceptual understanding and practical skill building. 
They also spent more time interacting with their students per hour at the end of the semester. It is 
possible that the control GSIs become more comfortable in their role as instructor over the 
course of the semester, and as a result, interact with students for a greater amount of time, and 
about a wider variety of topics. It was also notable that UGTSs did not seem to serve the same 
function in 112B as they did in 1AL. This data suggests that the presence of a near-peer 
instructor may be most beneficial when students and non-near peer instructors are new in their 
environment, and when students need peer support and advice.  

Moving further in my analysis, I found that UGTS and GSI content accuracy were both at 
a high level. GSIs tended to be slightly more accurate than UGTSs on average, but both 
populations were well versed in course material and were able to accurately and completely 
respond to student confusion. There were differences in these populations, however, when I 
analyzed interactions for verbalized student understanding. Overall, student verbalization of 
understanding occurred rarely, but the percentage of content-based interactions in which a 
student verbalized his or her understanding more than doubled from 9% in GSI-student 
interactions to 19% in UGTS-student interactions. This is an indication that UGTSs may be 
doing something to welcome this verbalization of understanding, or to probe students to engage 
in it. To investigate this, I analyzed the percentage of content-based interactions in which the 
instructor asked a leading question or guiding question in an attempt to prompt student 
verbalization of understanding. Again, the percentage of these interactions was twice as high in 
UGTSs compared to GSIs, respectively. UGTSs asked guiding questions in 21% of their content-
based interactions, while GSIs asked guiding questions in 10% of their content-based 
interactions. These differences could be due to UGTS training. One of the explicit instructions to 
UGTSs is to ask questions of their students to probe whether or not the student understands. 
Participating in the UGTS pedagogy course each week may instill this value in UGTS 
populations, while GSI populations are not primed as frequently to engage in these types of 
interactions. The above data suggests that student verbalization of understanding occurs in 
almost the same percentage of interactions in which guiding questions are asked. It follows then 
that instructor training may play a large role in this phenomenon, and may expose an opportunity 
for instructor improvement to ensure this phenomenon occurs at a higher frequency in future 
semesters. 
 This transcript level analysis was expanded to include three more interaction categories – 
inclusion of more than one student in an interaction, expression of empathy, and use of student 
language in explanations. These three categories were consistent with the perceived benefits 
reported by students that may contribute to increased feelings of comfort approaching a UGTS, a 
greater sense of shared experience, and feelings of being heard and understood by the UGTS. 
When interactions were analyzed for the presence of these qualities, all three proved to be quite 
rare, but did exist in the data. Neither instructor population tended to explicitly include more than 
one student per interaction, with UGTS interactions containing this feature 0.5% of the time and 
GSI interactions containing this feature 0.4% of the time. Differences existed, however, when 
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interactions were analyzed for the presence of empathy and the use of student language in an 
explanation. Brandt (2008) and Stieff et al. (2013) proposes that these qualities are helpful in 
influencing a student’s feelings of belonging and facilitating the incorporation of new ideas and 
concepts into their existing mental models, so it seems that these interaction qualities are 
desirable in a learning environment. UGTSs expressed empathy in 4.8% of their interactions, 
while GSIs expressed empathy in 0.9% of their interactions. Additionally, UGTSs used student 
language in 2.5% of their explanations, while GSIs use student language in 1.2%. Although these 
percentages are generally small in both categories, the UGTSs show these interaction 
characteristics in more than double the percentage of their interactions compared to GSIs. This 
may point to a difference in the near-peer-student relationship that doesn’t exist to the same 
degree in student-non near-peer relationships. Students express feeling heard by UGTSs, feeling 
more comfortable admitting confusion in the presence of a UGTS, and feeling more comfortable 
being wrong in the presence of a UGTS. It is possible that the above interaction characteristics 
contribute to these reported benefits.  
 While the Undergraduate Teacher-Scholar Program emphasizes the importance of these 
interaction characteristics during instructor training, and reiterates the importance of these 
characteristics (such as asking guiding questions) on a weekly basis, the incidence of these 
interaction qualities in real-time remains quite low. It is not enough to merely mention the 
importance of these interaction characteristics. It seems that these desirable interaction qualities 
need to be taught in greater depth, or at a higher frequency to prime instructors to utilize them in 
the learning environment. This provides an opportunity to continue to improve instructor 
training, and to make even more explicit, or repetitive, the potential importance of these 
interaction characteristics in student learning, understanding, and emotional reaction to the 
instructor and course in general. It follows that iterative improvement of programs based on data 
feedback and stakeholder feedback is vital for a program to thrive and to meet the needs of its 
participants. Without iterative improvement, the Undergraduate Teacher-Scholar Program would 
not meet the needs of the UGTSs, GSIs, and students in the ways it does today. Although the 
real-time differences between UGTSs and GSIs may be subtle, it is clear that the presence of a 
UGTS in the laboratory setting is beneficial for students, for GSIs, and for the UGTSs 
themselves.  
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Appendix I: Teacher-Scholar Program Pedagogy Course Special 
Topics 
ChemDraw Tutorial 
 Before coming to this session, we asked students to bring their laptops so that they could 
download ChemDraw http://www.cambridgesoft.com/software/overview.aspx. The UGTSs are 
given a free license through UC Berkeley to own the software. During the session, we teach 
UGTSs to use ChemDraw to create chemical representations, analyze molecular characteristics 
such as electronegativity and ionization energy to predict reactivity. Many UC Berkeley courses 
require the use of ChemDraw, so this serves as an important skill for the UGTSs themselves, as 
well as a skill the UGTSs can teach to their students.  

Role Play 
We started the semester with a role playing activity, to acclimate students to the different 

types of student interactions they might encounter. We gave predefined roles to each participant 
(usually 1 UGTS played the UGTS and the other UGTS played the student in the role play 
scenario). We had a scenario with apathetic student in which the student spoke very little and 
repeated statements such as “Uh, I don’t know….”. We wanted the UGTS to learn how to 
navigate a difficult interaction and attempt to get the student to respond, and contribute to the 
conversation. We had another scenario in which the student was ‘answer focused’ and did not 
show any interest in the procedure or actual chemical understanding. The student in this scenario 
demanded to know whether their answer was “right” or not. We hoped to teach the UGTS how to 
scaffold the conversation to get the student to contribute, and to lead the student to the normative 
way of thinking.  There were many other role-play scenarios that we utilized in hopes that we 
would expose our UGTSs to many of the possible interactions that may happen in a laboratory-
teaching environment. The role-play activity was not only useful as a preparation activity for the 
UGTSs, but it also served as an icebreaker. The UGTSs had fun with the activity, laughed, and it 
allowed interaction with the other UGTSs to be relaxed and low-stress. The role-play activity can 
be seen below: 

 
Roleplaying Exercise : Teacher Scholar Meeting #1 
 
Student #1: 
The shy student. In your group, you are afraid to speak up even though you are sure that your 
answers are correct and the group consensus is incorrect. You sheepishly try and get the group 
leader’s attention, but you tend to get steamrolled. You kind of want to get the attention of either 
the Teacher Scholar or the GSI, but you don’t want to make your group look bad. 
 
Student #2: 
The overconfident student. In your group, you are very confident about your answer. It happens 
to be wrong, but you speak eloquently and charismatically. You want to make sure that your idea 
is the group consensus and that everybody knows that you are in charge. Quickly convince 
anybody in your group that your idea is correct. If the Teacher Scholar or GSI comes by, you let 
them know that everything is great and totally moving well. 
 
 

http://www.cambridgesoft.com/software/overview.aspx
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Student #3: 
The lost student. You have no clue what’s going on and don’t know who to ask for help. Your 
group leader is a little too boisterous for you to feel comfortable asking for help. You try and get 
the GSI’s attention for some one-on-one attention. 
 
Student #4: 
The Teacher Scholar. Do your best to lead students to the correct conclusions in the lab. 
Troubleshoot group dynamics as best you can. Feel free to ask the GSI for help. 
 
Student #5: 
The GSI. You have a group with a strange dynamic. Ask your Teacher Scholar to help you fix 
the way the group is working and point them in the correct direction for this lab. 

Fixed vs. Growth Mindsets 
 In this session, we asked students to complete an online quiz on fixed versus growth 
mindsets http://www.londonacademyofit.co.uk/learning-blog/learning/interactive-quiz-fixed-vs-
growth-mindset/ and to watch a talk by Carol Dweck about a study in which students were 
primed to think with a fixed versus growth mindset 
https://www.youtube.com/watch?v=Yl9TVbAal5s. We discussed both the quiz results and the 
video in the pedagogy course session and asked for students’ thoughts about the matter. 
Additionally, we presented a summary of Carol Dweck’s 2011 article that discusses how 
personal growth mindsets can promote resilience in student populations. 
Misconceptions 

In this session, we exposed UGTSs to potential student misconceptions about chemistry 
content material. Students were asked to read, “An Inventory for Alternate Conceptions among 
First-Semester General Chemistry Students” by Douglas R. Mulford and William R. Robinson. 
This paper gave students examples of commonly held student misconceptions in the general 
chemistry classroom. We then held a discussion with the UGTSs to talk about misconceptions 
they may have had in the past, and to discuss ways to help students overcome their 
misconceptions in the laboratory. We emphasized that it is important to recognize students’ ideas 
as valid and important, while also guiding them to normative explanations.  

Imposter Syndrome and Identity Threat 
 In this session we introduced the UGTSs to the concept of imposter syndrome, and asked 
them to read “You’re Not Fooling Anyone” by John Gravois, and “Unmasking the Impostor” by 
Karen Kaplan. The goal of this session was to help UGTSs to feel heard, let them know they are 
not alone, and reassure them that everyone feels impostor syndrome whether or not they say that 
they do. The response to this session was extremely positive and inspired great discussion among 
undergraduates. The conversations expanded beyond their roles in the Undergraduate Teacher-
Scholar Program, to their roles in research laboratories, courses, and Berkeley in general. 

Cognitive Biases 
 This session was combined with the implicit bias workshop. We asked students to read 
“The Mentor’s Dilemma: Providing Critical Feedback Across the Racial Divide” by Geoffrey 
Cohen and Lee Ross. We asked students to respond to the article and make connections to their 
daily lives in a large group discussion. 

http://www.londonacademyofit.co.uk/learning-blog/learning/interactive-quiz-fixed-vs-growth-mindset/
http://www.londonacademyofit.co.uk/learning-blog/learning/interactive-quiz-fixed-vs-growth-mindset/
https://www.youtube.com/watch?v=Yl9TVbAal5s
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Implicit Bias 
 It was important to us to expose UGTSs to certain biases they may carry with them into 
the laboratory environment without being aware of their presence. As an activity, we required 
each student complete the Harvard Implicit Bias Assessment 
https://implicit.harvard.edu/implicit/takeatest.html before they came to the weekly Teacher-
Scholar pedagogy course. They all brought their results with them to class, and we had a large 
group discussion about the findings. Students were surprised by some of their results, and we 
discussed ways to combat these biases and ways to be explicit about confronting these biases to 
create an equitable and comfortable learning environment for all participants. Students were 
engaged in this special topic section, and reviewed it positively in their end-of-semester surveys.  

Learning Styles 
 Another special topic we incorporated into the Spring 2014 semester, and kept in 
subsequent semesters, was a session about learning styles. Education literature has produced 
many papers describing different learning styles, and the best ways to accommodate those 
learning styles in the classroom. We instructed all UGTSs take a learning style assessment before 
coming to the weekly Teacher-Scholar pedagogy course, and to read the paper, “All Students are 
Not Created Equal: Learning Styles in the Chemistry Classroom” by Stacey Lowery Bretz. Then, 
during the course session, we had a large group discussion about their results, and how to make 
the laboratory-learning environment more accommodating to all learning styles. We asked 
UGTSs questions about how they would explain a chemistry concept to a student with a different 
learning style from their own.  Again, students responded positively to this week’s session. It 
seemed that the UGTSs appreciated being able to take an assessment that told them something 
about themselves, and then enjoyed coming to the weekly session and discussing their own 
results with their peers. It made the learning experience more personal to each of the UGTSs. 

Worksheet Writing – Assignment  
 In this workshop, we teach students about the concept of scaffolding student learning 
using Bloom’s Taxonomy as well as Marzano’s Taxonomy. The students are instructed to write a 
scaffolded worksheet that breaks down a complex chemistry concept into manageable pieces for 
a student to learn. The worksheet assignment is shown below. This session is followed by a peer-
review session in which the UGTSs trade worksheets and analyze the worksheets according to a 
pre-written rubric. 
 

Write a “tutorial-style” review worksheet 
 
The goal of this assignment is to write a review worksheet that is designed to break down a 
complex chemistry concept, topic, or example into smaller, more manageable pieces. A series of 
questions will lead the student through the steps and/or prerequisite knowledge needed to solve 
one or more “concept integration” problem(s) at the end. 
 
Note: If you would like, you can plan to hand out your completed review worksheet to the 
students in your section. If you do, please check with your GSI before distributing it, and also 
add the following disclaimer to the top. You may wish to ask your GSI if they are willing to 
proofread it for you in advance. 

https://implicit.harvard.edu/implicit/takeatest.html
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“This worksheet is supplemental (optional) review written by (insert your name here), your 
Teacher Scholar. It is not part of the official course materials. Please direct any questions or 
concerns about it to me (insert your name).” 
 

1. Choose a topic for your worksheet.  
This should be a topic that includes several smaller concepts, approximately the amount 
that you would expect to be introduced in 1-3 lectures, 1-2 lab experiments, or 1-2 
textbook chapters.  
Course: 

 
Worksheet Topic: 
 
 

2. List 3-6 “prerequisite” concepts 
These are ideas that a student should have learned previously. These might be topics that 
would normally be covered in detail in a previous course or much earlier in the semester. 
As you write the worksheet, you plan to assume that the student has already learned these 
things but might need brief reminders. 
 
 

3. List 3-6 “new” concepts 
These are the concepts that are either new, or are being used in a substantially different 
way than you expect the students have seen previously. These are the “interconnected 
pieces” or “building blocks” of your overall topic. 
 

4. List 2-3 “expected misconceptions” 
These are incorrect ideas that you think might be prevalent among students, that need to 
be addressed and corrected in order to fully understand the topic. 

 
 

5. Organize/connect the concepts 
Use a method of your choice to show how both the “prerequisite” concepts and “new 
concepts” that you listed are connected to each other. For example, a multi-level outline, 
a concept map, flow chart, Venn diagram, etc. 
 
 

6. Brainstorm some “concept integration” problems  
These problems should be complex enough that you expect most students would need 
help to solve them at first. If possible, introduce information about why these are 
relevant/exciting/interesting, such as a real-world application of the concepts. You don’t 
need to completely write out the problems here, just list information about your ideas. 
 

7. Take-Home Assignment: 
Use the outline of ideas that you have created today to write your worksheet at home. 
Bring the following items with you with you to the Teacher-Scholar meeting on March 
14 (two weeks from today): 
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• 4 printed “blank” copies of your worksheet 
• 1 printed “answer key” copy of your worksheet 
• 1 list of hints (see last item below) 
• The outline/ideas page that you completed today 

 
Use the following general guidelines to design your worksheet 
 

• Start with 2-3 easy multiple choice questions that remind students about ideas 
you have listed as “prerequisite knowledge”. 
 

• Write a multiple choice question for each of the “expected misconceptions” that 
you identified (the misconceptions should be the distractor answers). These do 
not need to be at the start of the worksheet. Put them where they seem relevant. 

 
• Write a series of questions in whatever format you choose (multiple choice, 

short answer, explanation, mechanism drawing, predict products, etc.) that 
guide students through the topics. Make the connections between these as 
explicit as possible. 

 
• Write your “Concept Integration” problems (these should be toward the end of 

the worksheet, and may themselves be broken down into multiple steps if you 
choose. 

 
• For each question that you write, classify it according to the “Marzano’s 

Taxonomy” handout. 
 

• On a separate page, list some hints that you would plan to verbally give students 
if they were sitting next to you working on the problem(s) and got stuck.  
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Worksheet Writing Assignment – Peer Review 
The following series of questions is the peer review assignment given to the UGTSs once they 
completed the worksheet writing assignment described above. 
 

1) Group up with two to three others and exchange worksheets. 
2) Complete the worksheets written by your peers. Actually fill in answers on the page. If 

there is no paper copy, use lined paper, or blank printer paper instead. 
3) Fill in the sheet below: 

Name of Worksheet Author: ____________________________  Topic: _____________ 
a) Overall organization and formatting of the worksheet 

i. Overall ranking from 1 (bad) to 5 (professional). 1    2    3    4    5 
ii. Provide a sentence justifying your ranking. 

 
 

b) Overall clarity of questions 
i. Overall ranking from 1 (confusing) to 5 (clear). 1    2    3    4    5 

ii. Provide a sentence justifying your ranking. 
 
 

c) Overall creativity 
i. Overall ranking from 1 (mundane) to 5 (super cool). 1    2    3    4    5 

ii. Provide a sentence justifying your ranking. 
 
 

d) Scaffolded question 
i. Overall difficulty of final question 1 (too easy) to 5 (too difficult).  

1    2    3    4    5 
ii. Provide a sentence justifying your ranking. 

 
 
iii. Overall usefulness of leading questions 1 (unrelated) to 5 (too useful). 1    2    

3    4    5 
iv. Provide a sentence justifying your ranking. 

 
 

e) Multiple Choice question(s) 
i. Overall quality of distractor answers 1(obvious) to 5 (tough choice).  

1    2    3    4    5 
ii. Provide a sentence justifying your ranking. 

 
iii. Write another distractor answer for your colleague’s multiple choice question.  
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f) Explaining why something is incorrect 

i. Clarity of scenario 1 (difficult to understand) to 5 (very clear). 
 1    2    3    4    5 

ii. Provide a sentence justifying your ranking. 

 
 

iii. General comments on this question. 

 
g) General comments on their worksheet. 

 

Cheating 
 
 During this session, we introduced the idea of academic dishonesty, and asked the 
students to read two papers discussing ideas of cheating in the classroom: “A Statistical Analysis 
of Infrequent Events on Multiple-Choice Tests That Indicate Probable Cheating” by Michael 
Sundermann, and “Students’ Perspectives of the Influence of Web-Enhanced Coursework on 
Incidences of Cheating” by Paul Charlesworth, Debra Charlesworth, and Chelley Vician. We 
discussed the articles with students, and asked them for their perspectives on what constitutes 
cheating, how they might handle instances of cheating in the classroom, and any personal 
experiences with cheating they would like to share. 
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Appendix II: Weekly UGTS Pedagogy Course Review Worksheet 
 The following worksheet is an example of the weekly worksheet given to UGTSs at the 
beginning of the weekly pedagogy session. Each worksheet’s material differed based on the 
course that the UGTSs taught and the specific upcoming laboratory experiment. 
 

  

Example Review Session Worksheet 
Teacher Scholars, Fall 2015 
 

Chem 3AL Experiment 4 – Whittling Down the Possibilities 
 
Overview: 
In this experiment, students will be assigned four “unknown” compounds (from the list on page 
226). They will carry out four different experiments on their unknowns, then use the data that 
they have collected to identify their unknown compounds 

• Part 1: Students will test for presence or absence of a molecular dipole by observing 
whether a stream of each unknown liquid is attracted toward a plastic rod with a static 
electric charge buildup. (Attraction to rod indicates presence of molecular dipole) 

• Part II: Students will test solubility in water 
• Part III: For unknowns that are not soluble in water, students will observe density relative 

to water 
• Part IV: Students will measure the boiling point of the unknown 

 
Common Challenges: 
Sometimes the results of the dipole test are a little ambiguous. Students may need extra help with 
this part. 
 
Questions: 

1. If you’ve done this lab in the past, what other issues should we be aware of? 
 
 
 

2. Write a question that you plan to ask students as you walk around the room during lab. 
 
 
 
 

3. Why is the thermometer not placed directly in the liquid when measuring the boiling 
point of the liquid? 
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Appendix III: UGTS Pre-Semester Survey 
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Appendix IV: UGTS Post-Semester Survey 
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Appendix V: GSI Post-Semester Survey 
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Appendix VI: Chemistry 1AL Student Post-Semester Survey 
This survey is representative of the student surveys used in all chemistry courses during fall 2015 

 



 

 125 

 
 
 
 



 

 126 

 
 
  
 



 

 127 

 
 
  
 



 

 128 

 
 
  
 



 

 129 

 
  



 

 130 

 
  
 
 



 

 131 

 


	OLE_LINK2
	OLE_LINK1



