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ABSTRACT OF THE DISSERTATION 

 

Characterizing the Progression of Knowledge, Beliefs, and Behaviors in Peer 

Instructors: An Evaluation of the General Chemistry Teaching Interns 

By Emily L. Atieh 

 

Dissertation Director: 

Darrin M. York 

 

 

At the university level, peer instruction has been widely implemented as a means to 

offer additional resources through mentorship and academic support for courses with 

high enrollments and/or high levels of attrition. Peer instructors are students 

themselves who have typically demonstrated a proficiency in the course for which they 

serve. In the present work, the peer instructors are a part of the Teaching Internship, a 

credit-bearing program that includes both a training component and a teaching 

component. Specifically, Teaching Interns, or TIs, receive training in pedagogy and best 

practices while providing assistance to students in General Chemistry, an introductory-

level science course with notoriously high rates of attrition. While the majority of prior 

research in this area has examined the benefits to the students on the receiving end of 

peer learning, the work presented in this dissertation places the spotlight back on the 

peer instructors themselves. Various frameworks, methodologies, and types of data 

collection are explored and utilized in order to examine the research questions from 

multiple angles. Chapter 2 provides the context in which these studies took place and 

outlines the development of the Teaching Internship and the closely-related Certificate 

in Chemistry Education program. Chapters 3 and 4 present findings from two separate 

studies on the TIs following a mixed-methods and qualitative approach, respectively. 
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The results from these chapters demonstrated positive changes in TIs’ chemistry 

content knowledge, learning beliefs, and verbal behaviors, stemming from their 

participation in the TI program. To add further context, a quantitative approach used in 

Chapter 5 provided validation for the use of an instrument to quickly and accurately 

measure deep and surface learning approaches in General Chemistry students. While 

the findings of this study can be used to inform the instructional practices within the 

General Chemistry courses themselves, these results may also provide insight as to how 

the TIs can encourage deeper learning approaches while working with their students. 

The final chapter in this compilation includes the published work from a cognate 

project which illustrates the network of the various components of online learning and 

how this network was implemented in the General Chemistry courses to enable learning 

through peer-to-peer interactions.  
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Chapter 1 | Introduction 
 

As the first doctoral student in chemistry education at Rutgers University, my 

research incorporates different methodologies to examine various aspects of learning 

among two interconnected populations. The overarching goal of this work was to 

implement and evaluate a peer instruction program within General Chemistry, a course 

sequence required by nearly all Science, Technology, Engineering, and Mathematics 

(STEM) students. Built on the theories of constructivism5 and tutor learning,6 the 

underlying hypothesis was that peer instruction is not only a resource that improves 

with scale, but that it serves to benefit both the students and the peer instructors alike. 

By playing a central role in both the teaching and research of this project, a feedback 

loop could be established that would both inform my teaching practices as well as my 

research design. 

In the following chapter, a thorough description of two programs, the Certificate in 

Chemistry Education and the Teaching Internship, are provided. Chapter 3 presents the 

results of a mixed methods study that investigated the Teaching Interns’ beliefs about 

learning chemistry and the ways in which those beliefs changed throughout their time 

in the TI program. In Chapter 4, a qualitative study is conducted to characterize the 

verbal behaviors of TIs as they interact with students. The purpose was to measure the 

gap that exists between a TI’s beliefs about effective teaching and what practices they 

actually use. The results from both of these two studies can be used to inform peer 

instruction training and pedagogical training in general. Chapter 5 presents the results 

of a quantitative study in which a model was constructed to predict General Chemistry 

students’ course outcomes based on their deep and surface learning approaches. These 

approaches are rooted in Meaningful Learning Theory7 and were partially motivated by 

Chapter 4’s exploration of deep and surface knowledge-sharing during TI-to-student 

discourse. The final chapter is a supplemental project and discusses the use and 

implementation of various online course components within General Chemistry. These 
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components form the basis of a larger network and stem from several of the same tenets 

of peer instruction and the facilitation of deep learning, including social constructivism 

and self-regulated learning.  
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Chapter 2 | The Certificate in Chemistry Education and 
Teaching Internship Programs 

The Implementation of Peer Instruction at Rutgers University 

Research Motivations 

This purpose of this chapter is to outline the structure of two distinct peer 

instruction programs that I have worked to build, implement, and evaluate during my 

doctoral research. These are the Certificate in Chemistry Education (CCE) program and 

the Teaching Internship (TI) program. The foundation for both of these programs rests 

on an amalgam of prior literature, basic theories of learning, and my own knowledge 

and experience from my previous graduate work. In fact, my research interests in this 

area originated in part from my own experiences as a former struggling chemistry 

major, an undergraduate laboratory instructor, and a graduate teaching assistant in an 

inquiry-based physics course. Each of these experiences were filled with challenges and 

even discomfort, but they provided me with a unique perspective that helped to shape 

the research presented in this thesis.  

Broadly, my proposed research set out to examine the changes that TIs undergo as 

a direct result of their role as a peer instructor. Given this objective, I opted to take on 

an immersive role in this work, as it would enable trust with my research participants, 

allow me to implement changes quickly if needed, and ultimately provide the contextual 

information needed when interpreting the results of qualitative research. As such, I took 

on the role of instructor and coordinator for both of these programs. 

Design and Management of the TI and CCE Programs 

Just prior to beginning the doctoral program in the Fall of 2015, I had written two 

separate IRB applications with the intent to study the TIs in both programs as well as 

the General Chemistry population for which they serve. These applications were both 

approved in the days leading up to the Fall 2015 semester. In addition to approval for 

conducting research, these programs and the affiliated courses had to undergo review 

and approval by faculty in the Rutgers Department of Chemistry and Chemical Biology, 



4 

 

 

the Undergraduate Curriculum Committee, and the deans of the School of Arts and 

Sciences Honors Program (and later the Honors College). 

The first task centered on building the programs via the recruitment of potential TIs 

through advertisement, the review of 100+ applications, the execution of 12 separate 

group interviews over the course of one week, and the evaluation and selection of the 

TIs themselves. Course topics, assignments, grading policies, and lesson plans were the 

next step in ensuring that the TIs received proper training. As their instructor, I taught 

three separate weekly TI training meetings to accommodate the 40-50 TIs each fall and 

spring semesters, on top of teaching the CCE program’s Pedagogy Course, Introduction 

to Chemistry Education in the fall semesters. Likewise, this role inevitably led to my 

involvement in several of the components of the General Chemistry courses, such as 

teaching in the recitations. This teaching schedule continued from the Fall of 2015 until 

the Spring of 2019. In addition to the instructional requirements, both programs 

required the coordination of 60+ TIs’ schedules while remaining mindful of the needs of 

the General Chemistry students and instructors. Reserving space, managing 

scheduling, and advertising the supplemental help sessions offered by the TIs were the 

main on-going duties while serving in this role.  

My immersion in this research study became inevitable as my relationship with the 

TIs took many forms: coordinator, instructor, researcher, mentor, and eventually, 

colleague. Through the evolution of these roles, I was able to build a learning 

environment that prioritized trust and safety. This investment proved worthwhile, as it 

facilitated honest dialogue between myself and the TIs, as evident in their reflection 

posts, research interviews, and surveys.  

Moving Forward 

Upon termination of my non-research roles in these two programs, two instructors 

stepped in to observe my final semesters working with the TIs and students, enabling a 

smooth transition. Both of these programs have since continued to grow and evolve to 

suit the needs of the student. Such flexibility has been most notable in recent 
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semesters as the SARS-CoV-2 pandemic forced students into an online learning 

environment and necessitated a closer look at student engagement. These programs 

have cemented themselves into the General Chemistry curriculum and played a key role 

in shaping the culture of active learning and course reform within the department.  

The Certificate in Chemistry Education Program 

Overview 

The Certificate in Chemistry Education (CCE) is a credited, comprehensive peer 

instruction program that provides undergraduate students with formal pedagogical 

training, professional development opportunities, and broad experience in teaching 

chemistry.3 The CCE program encompasses multiple upper-level courses and offers 

students in the Honors Program/Honors College two options for incorporating this work 

into their Honors requirements. These components and options are illustrated in Figure 

2.1. All undergraduate students invited to the CCE program may also opt to participate 

in any of the individual components of the CCE independently. 

 

Figure 2.1. A summary of the requirements for students enrolled in the Certificate in Chemistry Education program. Two 
separate options are offered students in the Honors Program/Honors College. 
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 Introduction to Chemistry Education (3 credits) 

Also referred to as the Pedagogy Course, Introduction to Chemistry Education serves 

as an introduction to pedagogy and research in chemistry education and related fields. 

The course has two distinct components: (1) One 80-minute class per week and (2) One 

60-minute office hour per week for General Chemistry students. These elements work 

together as a feedback loop between educational theory and practice, as this course is 

intended to prepare TIs for the later requirements of the CCE program. A sample 

syllabus for the course, including topics and assignments, can be found in Appendix B.  

Teaching Internship in Chemistry (2-3 credits) 

The Teaching Internship (TI) program is offered each semester for both General 

Chemistry and Organic Chemistry.4 TIs in the CCE program may take 1 or 2 credits per 

semester; however, it is highly recommended that first-time TIs take only 1 credit in 

their first semester. Exceptions may be made on a case-by-case basis, particularly for 

non-traditional students and students entering the CCE program as upperclassmen. All 

CCE participants must serve as a TI for General Chemistry courses for at least 1 credit. 

The General Chemistry and Organic Chemistry TI programs operate slightly 

differently from one another in order to suit the individual course's needs. TIs receive 

weekly training and work regularly with students by assisting in recitations or lectures, 

or by hosting office hours, workshops, and other active learning opportunities. 

Experienced TIs who have demonstrated outstanding dedication and responsibility may 

have the opportunity to take on a leadership role, such as a Head TI, and work closely 

with the TI program coordinator on other aspects of the program. Further details on the 

TI program in General Chemistry can be found in the following sections of this chapter. 

Introduction to Teaching Chemistry Lab (3 credits) 

The Introduction to Teaching a Chemistry Lab course provides training and support 

for upper-level undergraduate students acting as primary instructors in the General 

Chemistry laboratory course, called Introduction to Experimentation. Undergraduate 

instructors are fully in charge of one section of the lab. Although the entire laboratory 
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course is managed by a professor, the undergraduate leaders are the only instructors 

present in the lab at any given time, aside from stockroom personnel. The 

undergraduate lab instructor’s responsibilities include ensuring student safety in the 

lab, demonstrating proper lab protocol for each experiment, assisting students during 

the lab time, and grading of their students’ lab reports. Each instructor leads their own 

3-hour section of the lab each week. Additionally, they attend a weekly training 

session to perform the upcoming week's laboratory experiment and brainstorm potential 

student difficulties under the supervision of a graduate Teaching Assistant. 

Eligibility and Selection Process 

The CCE program is offered by invitation-only and is open to undergraduates of any 

year following a successful performance in General Chemistry. However, earning an “A” 

is not necessarily required, and students who experience personal challenges with their 

own coursework may be better equipped to empathize with their colleagues and provide 

guidance as to how they were ultimately able to succeed. Both semesters of General 

Chemistry serve as a pre-requisite for this course and may not be taken as a co-

requisite; however, transferred and Advanced Placement credits are acceptable 

replacements for General Chemistry I. 

Students may choose to become a TI either as a part of the Certificate in Chemistry 

Education (CCE) Program or independently; however, the selection process for both is 

identical. Following the results of the second midterm in General Chemistry II (usually 

around mid-March), students who demonstrate proficiency in both semesters of General 

Chemistry receive an invitation to apply for the TI program. The application mainly 

consists of questions regarding students’ general information (e.g. major, GPA, 

coursework, etc.) in addition to 2-3 short-answer questions about the applicants’ 

experiences in General Chemistry and schooling in general.  

Students selected from this pool are invited to group interviews in which they work 

with 2-4 other applicants. These groups are expected to work collaboratively to 

complete multiple short activities focused on both interpersonal and intrapersonal 

https://www.elearning.rutgers.edu/chem-cce
https://www.elearning.rutgers.edu/chem-cce
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qualities (such as confidence, communication, and conflict-management), as well as the 

application of chemistry content knowledge to various teaching scenarios. After a 

designated amount of time, each group is given the opportunity to present their 

conclusions. Current TIs and instructors assist the coordinator in the observations of 

the applicants and provide their assessments following the interview. Examples of the 

different types of interview activities, as well as the rubric used for assessment can be 

found in Appendix B of this work. 

Teaching Portfolio 

The coursework components of the CCE program are joined together via the creation 

of a teaching portfolio. This portfolio is a collection of written pieces developed and 

revised by the CCE TIs over the course of their time in the program. Upon completion of 

the course requirements, CCE graduates retain this portfolio as tangible evidence of 

their professional development, mentorship experience, and leadership abilities. The 

teaching portfolio consists of five main components: 

1. A Goals  

2. Teaching Philosophy 

3. Coursework Descriptions 

4. Relevant Artifacts 

5. Final Reflection 

Following each semester in the CCE program, these works are updated as needed and 

are submitted to the CCE coordinator for review. A committee comprised of professors 

and the TI/CCE coordinator(s) review the final portfolio prior to the student’s graduate 

date. Upon acceptance of the final work, the university acknowledges the completion of 

the program and awards the student with the certificate.  

Honors Track 

TIs in the Rutgers Honors College/Honors Program may elect to participate in the 

Honors Track. This track is two-fold and Honors TIs may choose one, both, or neither of 

these options. 
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In the first option, TIs receive Honors Designation for the Introduction to Chemistry 

Education course. Honors students are required to take four 3- or 4-credit elective 

courses that are designated as Honors courses. Honors TIs enrolled in the Pedagogy 

Course may elect to receive Honors designation for this course prior to the first day of 

class. Both Honors and non-Honors TIs will meet at the same time and place, work 

together, and complete identical coursework; however, the Honors TIs must also 

complete two additional assignments. The first is a short literature review on a topic of 

their choosing related to pedagogy, inclusion and diversity, or chemistry education. In 

the second assignment, Honors TIs develop a 15-20 minute presentation to discuss 

their findings from their literature review using any format of their choosing.  

In the second Honors option, TIs may elect to use the CCE program itself as their 

Honors Capstone project. All students in the Honors College/Program must complete a 

capstone project by the conclusion of their undergraduate degree. Following discussions 

with the curriculum committees and deans, the CCE program was classified as a viable 

option for the capstone.   

The Teaching Internship 

Purpose and Framework 

The Teaching Internship (TI) program in General Chemistry is a peer instruction 

program that provides undergraduates with experience in assisting students in General 

Chemistry. Taken as a credit-bearing course, the TI program includes weekly training 

sessions (i.e. staff meetings) led by the TI coordinator, in addition to supplemental 

learning sessions with current General Chemistry students. TIs are not expected to be 

content experts in the same way as a professor, nor do they need to have prior 

experience in tutoring or public speaking.  

The TI program is rooted in the theories of social constructivism, which states that 

people gain knowledge and skills through social interactions with others.5 In this sense, 

TIs serve as facilitators, assisting students in the purposeful construction of their own 
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knowledge in order to form meaningful conceptual connections. The following goals 

serve as a guide for the overall structure and management of the program: 

1. Interns will further deepen and learn to apply their General Chemistry content 

knowledge to novel situations in order to assist current students in the course 

2. Interns will improve upon their teamwork and communication skills by working 

with each other, as well as with General Chemistry students 

3. Interns will improve upon their metacognitive skills (self-monitoring, self-

evaluating) through student interactions, weekly reflections, and class 

discussions. 

4. Interns will apply pedagogical knowledge and best practices from the weekly 

training meetings to their learning sessions with General Chemistry students.  

Eligibility and Selection Process 

The eligibility and selection process of the Teaching Internship is identical to that of 

the Certificate in Chemistry Education (CCE) program. Please see the previous section 

for details on the pre-requisites and application/interview procedure. 

Weekly Training Meetings 

Each week, TIs attend a 1-hour training meeting facilitated by the TI coordinator. 

These sessions allow TIs to work together, share experiences and advice, and ask 

questions or seek support for any situation that may arise during their learning 

sessions. Training consists of hands-on activities that relevant General Chemistry 

topics with various best practices in teaching. Some of the most common practices  

discussed in the weekly meetings include: 

1. Effective questioning techniques 

2. Diversity and inclusion in education 

3. Common misconceptions (or alternate conceptions) in General Chemistry 

4. Using analogies in chemistry 

5. Improving communication/public speaking skills 

A sample activity for Item #3, alternate conceptions, can be found in Appendix B. 
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Learning Sessions 

TIs work with General Chemistry students on a regular basis throughout the 

semester, typically meeting more than once per week, although the exact schedule 

depends on the type of learning sessions selected and the number of credits taken. 

Learning sessions can range from small, individual office hours to facilitating large 

recitations and lectures alongside other TIs and professors. Table 2.1 provides a 

description of the various types of sessions.  

Table 2.1. Description of the Potential Learning Sessions for TIs to Conduct 

Session Description 

Office Hours • Clustered into large blocks of time (typically 6 hours, on average) 

• A single session for a TI is 1 hour 

• “Walk-in” hours: students may come at any time during the reserved times 

and do not need an appointment 

• TIs can prepare by keeping up with the textbook readings and homework 

Workshops • Small-group learning session (12-15 students) focused on a specific topic, 

which students must sign up for in advanced 

• Two TIs run a single workshop 

• TIs are in charge of developing activities for students to work on in groups 

Active 
Learning 
Recitations 
(ALR) 

• Face-to-face recitations in which students work in small groups to solve 

open-ended activities prepared by the professors 

• Approximately 4-6 TIs work alongside a professor in a single ALR 

• TIs must attend ALR staff meetings with the professor(s) to complete the 

recitation activity and offer feedback prior to the ALR itself 

Lecture 
Break-Outs 

• TIs help to facilitate break-out greats in large lectures 

• Multiple TIs facilitate a single lecture  

• TIs must attend staff meetings with the course professors to discuss the 

assigned activities and provide feedback prior to the lecture. 

Review 
Sessions 

• Large (150+) review sessions to prepare for pending exam 

• Two TIs run a single review session 

• TIs should prepare some material ahead of time to initiate dialogue, but 

should focus on encouraging students to ask their own questions 

Virtual Office 
Hours 

• Online video office hours using the course learning management software 

• Typically held during the evening hours to accommodate commuters and 

non-traditional students. Students may log in at any point during the 

office hour to ask questions. 

• TIs can prepare by keeping up with the textbook readings and homework 

and ensuring they have adequate internet connections 

Head 
Teaching 
Intern 

• A group of 2-3 experienced TIs who assist the TI coordinator with program 

logistics, content development, and leading 1-2 TI training sessions per 

semester 

• Head TIs meet with the TI coordinator once per week 

• These Head TIs should enroll for 2 credits of the program, such that they 

are also having weekly interactions with General Chemistry students 
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 Weekly Reflections 
TIs keep an online reflection blog on the course management website, which is 

accessible to all other TIs in the course. Each week, TIs submit their reflection, in 

addition to a comment on another TI’s post, typically to offer advice, feedback, or other 

insights. Semi-guided reflection prompts are developed by the TI coordinator each week 

and posted for TIs to follow. Primarily, the reflection prompts encourage the TIs to 

discuss their personal main takeaways from both the weekly meetings and from their 

learning sessions. Miscellaneous questions are often included as well in order to 

monitor TIs’ general progress or beliefs, or to serve as a space for TIs to express other 

emotions and thoughts. These questions were initially intended to serve as a 

mechanism for informing future training topics, as they provide direct access to the TIs’ 

prior knowledge and beliefs. However, data collected from these questions resulted in a 

valuable repository of data that motivated several of the research questions found in 

this thesis. 
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Chapter 3 | Through the Looking CLASS: When Peer 
Leader Learning Attitudes Are Not What They Seem 

Abstract 
The Teaching Internship is a credit-bearing program comprised of undergraduate near 

peer instructors (Teaching Interns, or TIs) that offers supplemental assistance for 

students in the General Chemistry courses. With fellow undergraduates serving as a 

role model and student-faculty liaison, the benefits of near peer instruction have been 

well-documented. Because TIs develop a dual role of student and instructor over time, 

they afford a unique opportunity to explore the middle area of the expert/novice 

spectrum. Identifying the most influential components of the TI role may allow 

practitioners to implement these components in other ways for different groups of 

students. The present work provides a description of the TI model and uses a mixed-

methods approach to analyze how the peer leadership role impacted the TIs’ attitudes 

about learning chemistry. Quantitative results show that TIs do hold predominantly 

expert-like learning attitudes compared to the General Chemistry population from 

which they are selected; however, evidence of novice thinking is still observed in some 

areas. This survey data was then used to inform a qualitative approach.  Further 

analysis indicated that TIs’ responses on survey items were context-dependent, and 

that peer leadership experiences were associated with expert learning attitudes and 

appear to be influential in the development of these attitudes. These findings suggest 

that these factors should be taken into account when drawing general conclusions from 

survey results.  
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Introduction 
Rising university enrollments in the STEM fields have outpaced the moderate 

growth in higher education funding,8, 9 leading to increasing concerns about 

sustainability and student learning.10-14 Recent calls for a larger, more diversified STEM 

work force highlight the need for educational reforms.15 So-called “near peer” 

instruction has been one means for mending the resource gap, cementing itself as a 

critical component of the teaching and learning infrastructure in higher education. 

Previous studies have demonstrated the many benefits to students on the receiving end 

of near peer instruction,16 but fewer studies have reported the impact on the peer 

instructors themselves.14  

The present study aimed to quantify and describe how the peer leadership role in 

the Rutgers General Chemistry Teaching Internship program has influenced the 

teaching interns’ (TIs’) beliefs about learning in real time. Our original strategy was to 

explore the use of the Colorado Learning Attitudes about Science Survey (CLASS),17 an 

instrument that has been validated and used in other contexts. We found, however, 

that the TIs’ responses were highly context-dependent, and delving deeper, we collected 

extensive qualitative data that shed light on the origin of novice and expert shifts in 

attitudes. We found that TI shifts towards expert attitudes were most profoundly 

correlated with their experience as a peer leader; in fact, there were no instances in 

which novice shifts in attitude were associated with this context.  

The paper is outlined as follows: The next section provides a brief summary of the 

relevant literature on peer and near peer instruction, as well as the motivation for this 

work. Following, a description of the TI program establishes the context of the study 

and the key research questions are developed from a framework of situated learning.  

The Methods section provides a detailed description of the datasets collected and their 

analysis.  The Results and Discussion then presents the analysis in order to 

sequentially answer each research question outlined earlier.  The paper closes with a 
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summary of limitations, overarching conclusions, and implications for researchers and 

practitioners. 

Literature Review 

Defining (Near) Peer Instruction 

A quick search of the literature shows that peer instruction and its close relative, 

near peer instruction, are becoming a standard practice within higher education.16 

Cited as a means to compete with increasing admissions and changes to the student 

populations,16, 18-20 it also serves as an homage to the shift towards active learning.21-24 

Peer instruction was first named by Eric Mazur as a means of engaging all students in 

large-enrollment courses.25 In lecture, students explained their reasoning for a given 

conceptual problem (a Concepts’) to others in their vicinity. The “peers” are other 

students enrolled in the class. Near peers, on the other hand, are experienced students 

who have successfully completed a course and return to teach current students. 

Murphey first coined the term “near peer,” describing them as “…peers who are close to 

one's social, professional, and/or age level, and whom one may respect and admire.”26, 

27  

Singh outlines some of the major differences between peers and near peers in her 

commentary, primarily contrasting students’ perceptions of their peers versus their 

near peers.28 Still, the two terms are often used interchangeably in the literature, with 

both falling under the “peer” umbrella, and countless nuanced terms only add to the 

confusion: peer mentor,20 peer tutor,29 peer assistant,23 peer facilitator,30, 31 peer 

leader,32-34 etc., in addition to others (e.g. undergraduate teaching assistant,35-39 

learning assistant,40 teaching intern,32 etc.). Even within a given term, the duties or 

goals of these peers/near peers can look vastly different between departments, 

universities, and disciplines. 

Such inconsistent use of terminology in the literature can lead to a considerable 

lack of clarity in discussions. For the purpose of this paper and the various programs 

described, we define “peer leader” as follows: 
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An undergraduate student acting in a mentorship or instructive role for other 

undergraduate students in a course or program for which they themselves were 

previously enrolled. 

The authors felt that the term “peer leader” was most inclusive, consistent with current 

literature, and properly conveyed the experience and facilitative nature of the students 

acting in these roles.  

Peer Leadership: History and Outcomes 

In the 1970s, sudden demographic changes, climbing attrition rates, and scarce 

resources catalyzed a movement that resulted in the earliest standardized model of peer 

leadership: Supplemental Instruction, or SI.11, 41 Deanna Martin, a doctoral student at 

the time, proposed the SI model as a stark contrast to previous remedial-focused efforts 

that were being phased out nationwide.11, 42 Later programs like Peer-Led Team 

Learning (PLTL)24 and the Learning Assistant (LA) Program40 further helped to 

popularize the idea of peer leadership in the 90s and early 2000s. There have since 

been countless models of peer leadership described in detail in the literature and 

implemented nationally and internationally.14 

In accordance with the expansion of this practice, numerous researchers have 

examined the outcomes of peer leadership in courses such as physics,43, 44 computer 

science,45 engineering,46, 47 chemistry,19, 22, 48-51 social sciences,18, 38, 52 life sciences and 

medicine,21, 35, 39, 53, 54 and the humanities.55, 56 Emerging benefits include both content 

gains (pass rates,19 retention,49 and exam scores40, 48, 49) and non-content gains 

(attitudes49, 50 and communication skills57) for students served by peer leaders. 

However, only a handful of studies have aimed to characterize the effects of peer 

leadership experience on the peer leaders themselves. Such effects can also be classified 

as content-related, including higher course grades,20, 51 improved content knowledge,32 

or perceived improvement in content knowledge,33, 34, 45, 51, 58 as well as non-content 

related, such as improved confidence30, 33-35, 58 and development of leadership,32, 33, 58 

communication,45 and teamwork skills.33, 34, 45 Beyond content knowledge and intra- 

and interpersonal skills, there was a dearth of research on students’ beliefs specifically 
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about learning chemistry. Moreover, several of these studies examined subjects’ self-

perceived gains after their completion of the program through course/program 

evaluations or other open-ended surveys.33-35, 45, 51, 58 In this paper, data is collected to 

measure changes as they occur over time, in conjunction with reflective data, to further 

elucidate the direction and cause of change.  

Learning Beliefs in Chemistry 

As a whole, student beliefs about science have largely been correlated to their 

success and retention in the class and in STEM.17, 59, 60 For example, beliefs about 

identity and belonging in a field have historically been linked to success and persistence 

in STEM, particularly for underrepresented students.61-63 Moreover, beliefs about 

learning in STEM (metacognition, epistemology, the scientific process, relevance of 

science to the real world) are unsurprisingly different between novices and experts.64-66 

Such research characterizing the dichotomy between novice and expert learning have 

underscored the push for students to “think like a scientist” and develop skills needed 

for the modern world.67 

Peer leaders serve as a liaison between faculty and the students they work with, and 

are often high-performing students themselves, providing reasonable cause to place 

them at some midway point on the novice-expert spectrum. Concerning content skills 

such as problem-solving, the differences between novices and experts is evident: experts 

classify problems according to underlying principles (“deep structures”), whereas 

novices tend to use surface features.68, 69 Experts are better at focusing their attention 

on important details of a problem and are more likely to perform certain tasks 

automatically.70-72 Further, studies have shown that those in between novices and 

experts display some characteristics of both.69, 73 Beyond problem-solving, previous 

work has linked instructional methods and curriculum design to students’ beliefs, 

attitudes, or epistemological development, also often in the context of expert versus 

novice thinking.17, 74-77 For example, Otero and Gray75 found expert shifts using the 

CLASS in their physics and physical sciences courses for nonmajors, following a 
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curriculum change that explicitly addressed the nature of science and science learning. 

In this study, investigating the affective transformations of peer leaders, who likely sit 

somewhere between experts and novices, means gaining better insight into the novice-

expert shift and even pinpointing the experiences that shape scientific thinking. In the 

next section, we will describe the implementation of the Teaching Internship program in 

order to provide a thorough context for the present research study.  

The Teaching Internship in General Chemistry 
The General Chemistry Teaching Internship program was implemented in its 

current form in the Fall of 2015.4 The internship is a for-credit course, as TIs are not 

paid a stipend and must register as they would for any other course. New TIs are invited 

to apply to the program each year based on their performance in General Chemistry I 

and II. While they primarily earn top grades in the course, an “A” is not strictly 

required. Selection then follows small group interviews. Generally, TIs of previous years 

are permitted to return each year as they choose, and many do. The weekly course 

requirements are provided in Table 3.1 and include a staff meeting with the program 

coordinator (E.L.A.), multiple learning sessions with students (office hours, recitations, 

workshops, etc.), and semi-guided written reflections that are accessible to all TIs. More 

details about the selection process and program components can be found in the 

Supporting Information. 

Table 3.1. Certificate in Chemistry Education (CCE) Coursework and 

Requirements 

Course Length 
(Semesters) 

Credits per 

Semester 

Weekly Requirements 

Introduction to Chemistry 

Education (Pedagogy Course) 

1 3 Flipped Class: 80 min 

One Learning Session: 1 hour 
Written Reflection 

Teaching Internship 2+ 1-2 Staff Meeting: 1 hour 
Multiple Learning Sessions: 2-4 
hours 
Written Reflection 

Teaching a Chemistry Lab 1+ 3 Lab Training: 3 hours 
Teaching: 3 hours 
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The Certificate in Chemistry Education (CCE) 

For applicants who wish to become more involved in peer leadership, they are 

encouraged to apply for the Certificate in Chemistry Education (CCE) program (Table 

3.1).3 The required Pedagogy Course (PC) is a flipped-style 3-credit course created and 

taught by E.L.A, and includes both weekly teaching and classroom components. As 

these students work with General Chemistry students, they are also referred to as TIs, 

with the two groups differentiated as PC- and non-PC TIs. The course covers topics 

similar to the TI staff meetings; however, students in the PC source their knowledge 

from the assigned literature, delving deeper into the theories of education, and complete 

frequent assessments.  

Following the PC, CCE participants enroll in the TI program, followed by leading 

their own section of the General Chemistry labs. In an effort to maintain inclusivity for 

students facing a semester of abnormally rigorous coursework, health challenges, or 

other unexpected circumstances, the CCE program can be flexible and non-linear. For 

example, a small set of TIs applied to the TI program initially, and later opted to take 

the PC.  

Framework: Situated Learning Through Teaching 
The notion of teaching as a means for learning can be found throughout the 

education literature,78-80  largely stemming from the pivotal work of Benware and Deci.81 

In their study, students performed better on an assessment when they believed they 

would teach the material, compared to those who believed they would be taking a 

traditional exam. Shook and Keup14 write that peer leaders develop the abilities to 

combine and apply multiple skills to solve realistic, ill-structured, multi-faceted 

problems – abilities often attributed to experts.68, 82-85 Given that student attitudes are 

tied to their problem-solving strategies83, 86 and performance in the class,87, 88 it is 

plausible that peer leaders also experience expert shifts in their beliefs about learning 

chemistry.  
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Situated Learning 

Situated learning theory refutes the notion of knowledge as an entity to be gained by 

an isolated learner. Instead, it holds that knowledge gained is a result of some external 

interaction(s).89 As a theoretical framework, situated learning addresses how learners 

interact with their environment, create meaning via social interactions, and achieve 

“old-timer” status in their community of practice (the TIs) via legitimate peripheral 

participation (teaching in their learning sessions).90 As such, in an effort to study the 

TIs as a community of practice, it made sense to differentiate the experienced TIs (the 

“old-timers”) from the newcomers in our analysis to understand the role that experience 

plays in shaping learning attitudes. Similarly, analysis should also consider the fact 

that the PC offers a different learning environment compared to the TI program alone. 

These decisions served as the pre-requisite research questions (RQ1 and RQ2, below) 

needed to answer our primary question, RQ3. While surveys are not the traditional 

method associated with the situated learning framework, survey data was crucial in 

informing the qualitative approach used for RQ3. Such methods were then evaluated as 

RQ4 emerged during data analysis.  

Research Questions 

The research questions developed were as follows:  

1. Do peer leaders’ beliefs about learning chemistry correlate to their length in the 

program? 

2. Do peer leaders’ beliefs about learning chemistry correlate to whether or not 

they enroll in a formal Pedagogy Course? 

3. Do peer leaders’ beliefs about learning chemistry change over time as a result of 

their peer leadership experience? 

4. Is the CLASS a valid means for assessing the beliefs of peer leaders? 



21 

 

 

Methods 

Setting  

Rutgers is a large, R1 university and the state’s only public land-granting 

university. This study was conducted on the main New Brunswick campus which hosts 

36,000 undergraduate students and 14,000 graduate students.91 Approximately 2,000 

students enroll in General Chemistry each semester. Nearly three quarters of these 

students are life science or pharmacy majors, followed by a minority of physical science 

and social science majors. Nursing and engineering students each have their own 

version of the course, which is not served by the TIs. The General Chemistry courses 

include traditional lectures (~300-400 students each), common-hour exams, and graded 

online homework. 

Participants 

TIs are selected from the General Chemistry course population which they will 

serve. Their declared majors are provided in Figure 3.1, along with demographic data 

that contrasts them with one cohort of General Chemistry students. 

 

Figure 3.1 (a) The reported majors of all TIs from Fall 2015 - Spring 2018 as a percentage (N=179; 2 TIs reported double-
majors). (b) The gender and racial make-up of General Chemistry students (Fall 2015; N=1,510) and Teaching Interns 
(Fall 2015-Spring 2018; N=177). Please note that the gender abbreviation “NB” refers to “non-binary”. 

The Colorado Learning Attitudes about Science Survey (CLASS) 

Beginning in the Fall of 2015, TIs were asked to complete the chemistry version of 

the CLASS.92 The CLASS was originally designed for assessment in physics, but it was 

later adapted and validated for use in chemistry.93 The CLASS-Chem provides 50 

statements about chemistry and learning, and participants use a five-point Likert scale 
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to note their level of agreement or disagreement. Instructors can then classify students’ 

responses as evidence of “novice” or “expert” beliefs. Expert consensus has been 

established in previous work for forty-five of these statements,17, 92 meaning experts (e.g. 

physics professors) converged on their level of agreement for these statements. Thirty-

six of these statements belong to one or more of the nine previously-established 

categories to help provide meaning to the responses.92 These categories are provided in 

Figure 3.2 and described in detail in the Supporting Information. Several of the CLASS 

items fall under multiple categories, and Figure 3.2 demonstrates the relative amount of 

overlap between categories; larger circles contain more items, and the larger the 

overlap, the more items those categories share. Each category has a favorable and 

unfavorable section, which represent the percentage of statements by which students 

agreed or disagreed with the experts, respectively. Neutral responses are excluded from 

the scoring. Various measures are taken to flag responses that may not be genuine (See 

the Supporting Information, Section V). 

 

Figure 3.2. A Venn Diagram displays all nine categories of the CLASS. “PS” is shortened for “Problem Solving.” The size 
of the circle corresponds to the number of items in that category; the size of the overlap refers to the number of items that 
sit in two or more categories. The PS-Sophistication and PS-Confidence categories have only items that also live in other 
categories, while the Atomic-Molecular Perspective of Chemistry items exist entirely in their own category.  

The TIs complete the CLASS as a pre- and post-test in the beginning of the fall 

semester and at the end of the spring semester, respectively. Thus, students who have 

been TIs for multiple years have completed the survey more than twice. TIs who only 

remained in the program for one semester did not complete a post-test and are 
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excluded from the results. TIs enrolled in the PC, offered only in the fall, are also given a 

post-test at the end of the fall semester. Data was collected for three academic years, as 

shown in Table 3.2. 

Table 3.2. TI Enrollment by Academic Year 

Academic 
Year TI Status 

Fall –  

PC 

Fall –  

TI Only 

Spring –  

TI Only 

2015-2016 New 11 27 34 

Returning 6 7 4 

2016-2017 New 12 20 25 

Returning 1 20 11 

2017-2018 New 13 20 24 

Returning 2 22 14 

 

A myriad of instruments have been developed for measuring chemistry students’ 

attitudes, beliefs, expectations, self-concept, epistemologies, and so on.92, 94-99  While 

there are important differences between these constructs, such analysis is beyond the 

scope of this paper and has been discussed previously.94, 100, 101 The decision to 

implement the CLASS over other assessment tools came down to practicality and 

applicability. The CLASS did not refer to a specific course or course component, such as 

a lab, which would have been inappropriate for our sample. Likewise, a homogenously 

high performing population may have negated the usefulness of a self-concept 

measurement.102  

While overlapping categories within the instrument have brought the discriminant 

validity of the CLASS into question,103 the categories themselves were of secondary 

importance. The CLASS items best aligned with the intended research questions, and 

the plan to conduct further investigation beyond the survey would provide additional 

meaning behind the quantitative results.  

Non-parametric statistical tests were performed in SPSS to analyze survey data, 

after a Shapiro-Wilk test showed that the results were not normally-distributed. 

Specifically, the Wilcoxon signed-rank test was used to identify large shifts in TIs’ 

matched pre- and post-test scores. Due to sample size concerns, the test was performed 
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using exact calculations (as opposed to asymptotic). Effect sizes are reported as rank-

biserial correlations, r.104 A detailed description of these calculations can be found in 

the Supporting Information. 

Interviews 

Because the CLASS had never been used on this population, we felt that conducting 

interviews would provide insight as to how these participants were interacting with the 

instrument. A stratified sample of 13 TIs were selected to participate in an interview 

(Table 3.3). TIs were sorted by gender, PC enrollment (or lack thereof), and year in the TI 

program. TIs were then randomly selected from these categories where possible.  

Table 3.3. Interviewee Profiles  

Pedagogy 
Course Gender 

1st Year* 
2nd/3rd 
Year* 

Completed 

Female 
Zara 

Manasi 
Marla 

Male 
Niven 

Raj 
 

Did Not 
Enroll 

Female 
Nanjana 

Emma 
Reema 

Male 

Sami 

George 

Ronit 

Kenny 

Darsh 

*Names have been changed  

 

The interviewee’s collective CLASS responses were used as a rough interview guide. 

To prepare for each individual interview, the interviewer (E.L.A.) noted items that had 

large shifts, novice responses, or responses that differed from the majority of the other 

TIs. The interviewer asked TIs to recall their responses and consider their reasoning, 

particularly stating what context they were thinking about when they selected their 

answer. Interviewees were given a physical copy of the CLASS instrument but not their 

responses. To minimize bias, the interviewer did not make any references to the TI/CCE 

programs until the final question, unless it was first prompted by a TI. Audio data was 

collected, transcribed, and coded using NVivo version 11.  
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IRB Approval 

All methods and procedures were granted IRB approval from the university, under 

IRB protocol 15-813M, with annual renewal.  

Results 

RQ1: CLASS by Year in Program 

To measure the attitudinal changes that take place over time in the program, it 

seemed logical to look at the TIs’ scores based on their number of years in the program. 

Matched data from all first- and second-year TIs were separated. While some TIs had 

completed three years in the program, the sample size was too small (N=7) to obtain 

meaningful results. Data collected during a TI’s enrollment in the Pedagogy Course were 

excluded. To check for possible inconsistencies between academic years, a Kruskal-

Wallis test was run to compare scores between the three academic years for both 

groups. No significant differences were found, supporting the decision to combine all 

first-year TIs into one group and second-year TIs into a second group.   

Figure 3.3 shows a large, expert shift in the “All Categories” section for first-year 

TIs. Large shifts also appeared in three of the categories: Real World Connection, 

Atomic-Molecular Perspective of Chemistry, and Conceptual Connections. The first two 

categories saw shifts in the expert direction, with the Atomic-Molecular Perspective of 

Chemistry category demonstrating both a significant gain in the favorable responses (F) 

and loss in the unfavorable responses (U). However, the Conceptual Connections 

category saw a novice shift due to the rise of the unfavorable score. Effect sizes were 

calculated using a rank-biserial correlation, r. Figure 3.3 illustrates these changes and 

provides the effect sizes. Exact scores and shifts can be found in Table 3.S1 in the 

Supporting Information.  
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Figure 3.3. Matched CLASS pre-test and post-test results for all first-year TIs. Pre-tests were administered in the Fall 
semesters, prior to the first week of the program. Post-tests were administered in the Spring semesters during the final 
week of the program. Blue outlines denote large (p≤0.05) expert shifts, while red outlines denote novice shifts (p≤0.05). 
Biserial-rank correlations are provided as effect size (N = 48). 

Second-year TIs (Table 3.S2) also demonstrated desirable shifts in the combined “All 

Categories” (r = 0.78) and in the Atomic-Molecular Perspective of Chemistry category (r = 

0.67). The full table of scores can be found in the Supporting Information (Tables S1 

and S2). Notably, the large undesirable shift in the Conceptual Connections category 

was not seen in the second-year, with the second-year’s post-test score being greater 

than the first-year’s pre-test score. While sample sizes precluded direct comparisons 

between the groups, the results were encouraging and informative for qualitative 

purposes. 

RQ2: CLASS by Pedagogy Course Enrollment 

To understand the role of the Pedagogy Course, PC TIs were analyzed separately. TIs 

opting to take the PC were given a separate pre- and post-test at the beginning and end 

of the one-semester course. These TIs saw approximately 50% less facetime with 

students, and worked primarily in traditional office hours, rather than structured 

learning sessions like recitations and workshops. In a similar fashion to RQ1, a 

Kruskal-Wallis test was used to check the assumption that there were no differences 

between academic years. Again, this assumption was supported and all PC TIs were 
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combined into one group. This group showed a large novice shift in Personal Interest 

(N=42, p≤0.05, r=-1) and no large expert shifts. We considered that those who enroll in 

the PC may begin the program with different attitudes compared to those who enroll 

only in the TI program. However, we did not see any notable differences between pre-

test scores of PC and non-PC TIs for any category. All scores for this group can be found 

in Figure 3.S3. 

RQ3, Part I: Relationship of Coursework and CLASS Responses 

The third and primary research question asks how the experiences gained by a peer 

leader are tied to their beliefs about learning and was primarily motivated by 

discrepancies in the CLASS responses. While the majority of large shifts were in the 

expert direction, when looking at the individual item responses, there were some 

statements that had large novice consensus. Because the CLASS does not make specific 

mention of a particular chemistry course, we questioned whether other coursework 

could be a confounding factor in TIs’ responses. Previous studies have shown 

differences in scores between General and Organic Chemistry students, which the 

majority of TIs had taken or were enrolled in at the time.92 Likewise, we sought to better 

understand the TIs’ responses to the CLASS, as this instrument had not been 

previously reported on for peer leaders. For these reasons, it was necessary to 

determine what coursework or experiences motivated TIs’ responses to the CLASS. 

As previously described, the participants’ (Table 3.3) CLASS responses were used to 

guide the interview protocol. Thirty of the 50 CLASS items were discussed at least once 

between the thirteen interviews, with some items appearing in as many as ten 

interviews. In total, there were 79 instances in which the interviewer asked about a 

specific CLASS item. In 62 of those 79 instances, the TI was able to recall the context 

that they were considering when responding to that item. Each context response was 

coded according to course identity or fell under the category of “Chemistry/Science as a 

Whole.” As some TIs discussed more than one context per item, the total “Number of 

Mentions” is greater than 79. The results are shown in Table 3.4. 
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Table 3.4. Context of CLASS Items  

Context # of 
Mentions 

# of TIs* % of All 
Mentions 

Organic Chemistry 34 12 36.6% 

TI Program/ 

Pedagogy Course 
25 11 26.9% 

General Chemistry 23 13 24.7% 

Other Science 
Course 

5 4 5.4% 

Chemistry/Science 
as a Whole 

4 3 4.3% 

Non-Science Course 2 1 2.1% 

*The number of TIs (out of 13) that referenced that 

context. 

 

Organic Chemistry was identified the most when prompted with a specific CLASS 

item, followed by the Teaching Internship/Pedagogy Course and General Chemistry. 

Only General Chemistry was mentioned by all thirteen TIs interviewed, although the 

first two followed closely behind.  

All thirteen TIs cited more than one context during their interview, and some even 

stated multiple contexts for a single item, noting that it changed over time based on 

their coursework. This supported our original hypothesis that increased coursework 

experience could be a confounding factor. One third-year TI, Reema, exemplified how 

strongly her concurrent coursework influenced her answers. Like most TIs, Reema was 

enrolled in Organic Chemistry during her first year as a TI. During this time, her 

response to Item #37 (Box 3.1) had a novice shift. However, the following year, her 

responses indicated an expert shift had occurred. A snippet of her response can be 

found in Box 3.1. 
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In fact, of the ten interviews in which Item 37 was discussed, nine of the TIs’ 

responses cited Organic Chemistry as the reason for their response. Notably, this item 

is a part of the Conceptual Connections category on the CLASS, which was the only 

category that saw a novice shift among the first-year TIs. 

RQ3, Part II: Origin of Attitudinal Shifts 

With strong evidence that individual TIs implicated different contexts while 

completing the CLASS, it was pertinent to understand the root of the various shifts. To 

separate the survey data accordingly, the contexts were first mapped to the categories 

each time a specific CLASS item appeared in the interviews (Figure 3.4). Please note 

Box 3.1. Snippet of Interview with Reema 

CLASS Item #37: “In learning chemistry, I usually memorize reactions rather 

than make sense of the underlying physical concepts.” 
 

Interviewer: When you first came into the [TI] program you disagreed with [Item 
37]... that you do NOT usually memorize these reactions instead of making 
sense, but then you went to agree after one year…when you were still a 
sophomore. 

  
Reema: Yeah 

  
Interviewer: When you see this question, what are you thinking of? What were 
you answering that in the context– 

  

Reema: [interrupts] As a sophomore? Orgo!* Where you memorize like a sheet of 
50 reactions without thinking about it? Yeah. 

  
Interviewer: Okay– 

  

Reema: Like when you’re in [General Chemistry], you’re not working with the 
same kinds of reactions again and again so you have to understand which 
one’s an acid, which one’s a base and then go from there. 

  
Me: Right. 

  
Reema: Versus Orgo, you do that, but there was so much that at a certain point 
you just didn’t have time to. 

  
Me: I understand. And after that year, you consistently selected strongly 
disagree. 

  
Reema: [laughs] Yeah. Once I was done being in Orgo. 
 
*“Orgo” is the common term for the Organic Chemistry sequence. 
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that items from the category “Real World Connections” were not associated with any 

context during any of the interviews and are thus excluded from the map. Additionally, 

a small number of items that were discussed during the interviews do not belong to a 

CLASS category, accounting for slight discrepancies between the totals in Figure 3.4 

and the those provided in Table 3.4.  

 

Figure 3.4. This data is based on responses from the interviews with TIs, in which TIs were asked to provide the context 
that informed their responses on specific CLASS items. CLASS categories are listed on the left, while the courses appear 
across the top. The bubbles represent the instances in which a CLASS item, belonging to one or more categories, was 
associated with a specific course. The number of instances is written in the middle of each bubble, and the size of the 
bubble is commensurate to this number. If an item belonged to two or more categories, it was included as such. Please 
note that “PS” is abbreviated for “Problem-Solving” and “AMPC” is abbreviated for “Atomic-Molecular Perspective of 
Chemistry.” An alternative representation of this data may be found in the Supporting Information (Fig. S1).  

The next step was to map the general direction of the shifts to each course context. 

As this could only be done for instances in which an interviewee explicitly related a 

specific context to a shift that they could recall, gathering a large data set was 

challenging. To maintain consistency with the previous methods, the Agree and 

Strongly Agree were grouped as “Agree” and Strongly Disagree and Disagree were 
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grouped as “Disagree.” Shifts were then only defined as any change between Agree, 

Neither Agree/Disagree, and Disagree. Thus, shifts from “Agree” to “Strongly Agree,” for 

example, were not counted. In total, 42 instances were identified in which an 

interviewee explicitly linked a specific context to a shift in their CLASS responses. 

General Chemistry was not identified as a cause, which was fitting because none of the 

TIs were enrolled in General Chemistry during their time in the TI program.  

 

Figure 3.5. Interviewees recalled the cause of any shifts from their CLASS results. The main causes were classified as the 
TI Program, Organic Chemistry (Org. Chem.), or another science course. General Chemistry and non-science courses 
were not identified by any of the TIs as a cause of a shift. Red indicates a novice shift, while blue indicates an expert shift.  

As shown in Figure 3.5, the majority of shifts were in the expert direction for all 

three contexts. However, in all instances in which the TI program was cited as the 

cause, the shifts were favorable. To probe further, the interviewer concluded each 

interview by asking TIs to consider ways that the TI program may have affected their 

general attitudes towards learning or chemistry.  All thirteen interviewees stated various 

experiences of positive personal growth resulting directly from the TI/CCE programs, 

including improved metacognition, confidence, study skills, time management, and 

resilience. These benefits are elaborated on in the following section.  

RQ3, Part III: Other Benefits to Being a Peer Leader 

Throughout the interviews, TIs made numerous references to the ways that being a 

peer leader shaped their beliefs about learning, science, or even about themselves, 

outside the context of the CLASS. A total of 71 such instances were extracted from 

these interviews, from all thirteen interviewees. These excerpts were coded by the first 

researcher (E.L.A.), using an open-coding scheme. The second researcher (D.M.Y.) 
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independently coded 38/71 of these excerpts using the coding scheme provided, with 

the option to make changes to the coding scheme if necessary. Eleven categories were 

developed from these codes, but they were collapsed into nine categories upon 

discussion with the second researcher. Agreement was initially reached on 35 of the 38 

excerpts (92.1%), and upon further discussion, the researchers resolved all 

discrepancies. Results to this analysis can be found in Table 3.5, and definitions of 

each category can be found in Table 3.S4 of the Supporting Information.  

The most common finding to emerge fell under “Improved Skills and Knowledge,” 

specifically that TIs’ Pedagogical Knowledge and Techniques had improved dramatically. 

While both the TI and CCE programs include a training component, the fact that 

improved pedagogical content knowledge was a notable benefit that the TIs discussed 

unprompted was surprising. Further, most TIs (9/13) stated a marked improvement in 

their problem-solving strategies and/or content knowledge, which is consistent with 

previous studies on similar populations.32, 33, 51, 58  
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Table 3.5. Other TI Benefits  

Category 
# of 

Mentions 
% of 

Mentions 
Interview Excerpt 

Improved Skills or Knowledge 

Pedagogical 

Knowledge and 
Techniques 

20 28.2 

My first semester teaching, I’d look at my notes and memorize and be like a robot 
communicating to the students. But this semester, I don’t want to tell them word-for-word a 
definition. I want to get them to explain it in their own words. Then they’re not memorizing 
things. They’re trying to make sense of chemistry. -Sami 

Problem-Solving 
Strategies 

12 16.9 
Honestly I’ve learned a lot of different methods, not by myself actually, but by a lot of the 
students. They’ll be like 'oh I learned this in high school,' and I just go with it with them…and 
it helps that way, because now I get a different view of the problem -George 

Learning Through 
Teaching 

7 9.9 
Just growing from the TI program itself, I’ve learned to apply some of the ideas about learning 
in my other courses -Nanjana 

Content 
Knowledge 

4 5.6 
When you discuss [chemistry] with students and you’re trying to explain it to them, I realized 
my own knowledge of chemistry had become so much better -George 

View of Chemistry 

Conceptual 
Connections 

8 11.3 

When I was in chemistry, I didn't think all these concepts were connected. But teaching it, and 
not being in the class but still knowing the answers to questions made me realize, now I got 
the underlying concepts down. And I don’t think a class taught me that. I think the internship 
taught me that. -Reema 

Personal 
Interest/Enjoy 
Chemistry 

4 5.6 

[on preparing for teaching] It's a more rewarding experience, instead of prepping for a class. 
It's more, 'how can I lead them through the process?' And I really enjoy that. -Kenny 

Chemistry in the 
Real World 

3 4.2 
By being a TI I would say that I’ve realized chemistry is everywhere in life. You don’t think 
about it all the time, but then you’ll see something and you’ll be like 'oh I know how that 
happens!' -Manasi 

Interpersonal/Intrapersonal Growth 

Confidence/ 
Persistence 

4 5.6 
I think that [TI-ing] made me more confident in what I think I know about Gen Chem, or 
chemistry in general. -Marla 

Empathy/ 
Appreciation 

9 12.7 
I work in a hospital and I’m better on the patient care aspect now. Like when explaining their 
medication or their schedule for the day. I’m more, I guess, empathetic. That reminds me of 
how I used to teach people versus now. -Emma 
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Stepping away from the chemistry, another often-discussed benefit was labeled 

Empathy/Appreciation, whereby TIs acknowledged developing a better understanding of 

students’ struggles or a newfound appreciation of their own professors. Indeed, at the 

end of the interview, when asked how the TI program changed their views of chemistry, 

one TI described how their students gave them a new understanding of their own past 

experiences: 

Where I went to school, originally, that area is kind of an underserved area. And 

then moving, having the majority of my high school in [a wealthier town], that 

really changed me. But even then, when I thought about chemistry, I overlooked 

that, because for me, it was generally like if you work for it, you get it. But it’s not 

necessarily like that because if some people are coming from an area where they 

haven’t been paid attention to their entire life, there’s just some things you can’t 

change, so I feel like I’m noticing things like that more now. (Nanjana) 

When the topic of empathy arose, four TIs referenced the lesson on equity, inclusion, 

and diversity from their weekly staff meetings, suggesting that these topics left a lasting 

impact.   

RQ4. CLASS Utility for Peer Leaders 

The final research question asks whether or not the CLASS is a suitable, valid 

instrument for assessing the learning beliefs of peer leaders. There were instances in 

which a TI would contradict their written answers in an interview or state that they did 

not know why they answered the way they did. When this occurred, the item and 

response were discarded from the aforementioned qualitative analysis. The most 

commonly-stated cause for these discrepancies was a misunderstanding of the 

question. Nine of the thirteen TIs cited this at least once during their interview, with 

none of them stating it more than twice. On the other hand, it is possible that meanings 

changed over time: 

Initially I agreed [that doing lots of problems was helpful], but actually, from my 

perspective now, I didn’t realize how many problems other people did. I genuinely 

had no idea. I did maybe two practice exams max and I thought that was a lot. 

Until I started working with students. (Ronit) 
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Other potential sources for a discrepancy could be survey fatigue (taking the CLASS 

multiple times over the years) or simple forgetfulness. The “lazy data” removed from 

statistical analysis was not included in the interviews. 

Ultimately, mixed results on the survey indicated that the survey data alone was not 

satisfactory to determine the effect that the TI program had on these participants’ 

attitudes. Interview data suggested that TIs were implicating multiple different contexts 

when responding to the survey items, and that different contexts were associated with 

different attitudes:  

I think I did most of [the survey] in the mindset of Gen Chem. But the questions 

about how you feel about the subject of chemistry, I was thinking of being a TI. 

So it depends on the question. But I wouldn’t say as an Orgo student. My 

thoughts on Orgo are a little different. (Niven) 

Interestingly, five TIs explicitly acknowledged approaching their own current 

coursework differently from how they encourage their students to approach it. For 

example:  

When the student comes in, I have to encourage them, even though it’s not what 

I necessarily always do, I tell them you can’t just sit there and memorize this, 

that you have to understand why it works. I try to explain that, even though I 

don’t always do that myself. (Zara)  

 

The biggest thing was that it’s important for them to do the process rather than 

just give them answers, to have them work through it… but then sometimes I go 

to office hours and I might just really want the answer [laughing]. (Kenny) 

This lends support to the idea that for this particular population that has experienced 

multiple chemistry courses, the CLASS is not simply assessing “chemistry” as a 

particular course, but perhaps a combination of courses or prior experiences, or even as 

a discipline in general, as one TI stated “I was just thinking of my experiences in 

general, like with my entire chemistry career.” (Emma)  

Discussion: Context Matters 
From the data presented here, it appears that TIs do experience positive growth in 

their attitudes towards learning chemistry as a result of their time in the program. This 
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is consistent with previous work that has shown that different instructional practices 

can impact students’ scientific beliefs.75, 77, 105 All TIs participated in some form of 

weekly pedagogy training that focused on the nature of learning and the scientific 

process, and received continuous feedback on how to apply their training to actual 

teaching experiences. Likewise, these findings add to the growing body of knowledge 

about the benefits that peer leaders have been shown to gain. 20, 30, 32-35, 45, 51, 58 

TIs who opt to take the Pedagogy Course were not found to have large changes in 

learning attitudes during their first semester. Further, there was no evidence to suggest 

that these PC and non-PC TIs begin their respective programs with different attitudes. It 

is possible that one semester, approximately 14 weeks, is not enough time to capture 

meaningful data, keeping in mind that the PC TIs only gained half the teaching 

experience as the non-PC TIs. Alternatively, it could be that the PC TIs’ training was 

simply different in nature and the results of which could not be properly evaluated by 

the CLASS. Previous studies have shown that a formal pedagogy course did offer unique 

benefits, suggesting that this latter possibility may hold some truth.32, 35, 106, 107 For 

example, in their study on a population that included TIs, Blackwell et al. identify the 

PC as “the most critical component of [peer leaders’] training and professional 

development,” citing one peer leader who stated that the course was influential in 

learning about their own learning.32 Further, our own course evaluations of the PC have 

been overwhelmingly positive. Perhaps most encouragingly, the small number of TIs 

who took the PC after one or more semesters of being a TI noted benefits gained 

specifically due to the PC. More rigorous work on a larger sample would be needed to 

fully capture any differences between PC and non-PC TIs.  

Concerning our primary research question, RQ3, interview data ultimately aided in 

our understanding of how the TI program, through teaching or training, affects TIs’ 

attitudes towards learning chemistry. Each mention of peer leadership corresponded to 

expert responses and/or shifts in attitudes. Aside from specific items from the survey, 

TI responses about their experience in the program suggested that they gained valuable 
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skills and a matured perspective on their own education and on chemistry and learning 

in general.  

All thirteen interviewees stated that their responses were context-dependent. 

Interestingly, one interviewee stated that when they were conflicted about their level of 

agreement for an item because they were considering two different contexts, their 

beliefs developed from the TI program took higher precedence and affected their survey 

response accordingly. While it is not possible to generalize this statement to the 

population, there were multiple instances in which TIs admitted to not always 

practicing what they preached. This sentiment was similar to that found by Adams et 

al.,93 in which physics students taking the CLASS were found to hold personal beliefs 

that differed from beliefs they perceived an expert would hold. 

Challenges and Limitations 
One challenge for conducting this study was that participants were asked to discuss 

coursework and the CCE/TI programs with the programs’ coordinator. This introduces 

the possibility that certain beliefs or experiences were not disclosed by the TIs if they 

felt that those beliefs and experiences were not positive or aligned with the programs’ 

pedagogical philosophy. To minimize these concerns, interviews were conducted at the 

end of the Spring 2018 semester, after TIs were presumably more at-ease in the 

program. Continuous efforts were made throughout the year to invite constructive 

feedback from TIs, encourage honest self-reflection, and promote a safe environment for 

discussion. For the interview, participants were told that the purpose was to 

understand their coursework experiences in general. At no point during the CLASS 

portion of the interview did the interviewer explicitly name the TI program unless it was 

brought up by the interviewee, so as to avoid any “prompting.” The final question asking 

them to discuss their experiences and attitudes as a TI was purposefully reserved for 

the end. 

One limitation for this study is the modest sample size. Typically, the CLASS has 

been administered in large courses, such as General Physics or General Chemistry, 
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where the sample size can extend into the thousands. In this case, the sample size 

reduced the statistical power and impeded the ability to draw many meaningful 

conclusions from the quantitative data alone. Secondly, this sample was relatively 

homogenous in terms of academics. The TIs were selected from the top of their General 

Chemistry class, enrolled in similar coursework, and the overwhelming majority held 

interest in healthcare careers. Even in cases of novice shifts, their CLASS scores were 

still high compared to a typical General Chemistry population,92 introducing the 

possibility of “maxing out” the instrument. Still, the qualitative data provided meaning 

to some of the results where the statistics could not.  

Implications for Instruction and Research 
The calls to promote classroom equity and to foster so-called “21st Century Skills” 

such as scientific thinking have shaped recent educational practices.16, 108-113z The 

paradigm of learning through teaching is well-supported, and this research suggests 

that teaching, and learning how to teach, may impact one’s beliefs about learning 

science, and thus their scientific thinking. Encouraging this as a practice either 

through formal programs like the Teaching Internship or simply as a classroom exercise 

may foster this type of development in our STEM students.  

Interview evidence suggested that at least some TIs simultaneously hold opposing 

expert and novice beliefs about learning and that they may act on those beliefs 

differently given a specific context. If we suppose that a TI’s conflicting beliefs are a 

direct result of their diverse experiences, it would be of interest to examine what factors 

of a course or program determine precedence in their selection. For practitioners, this 

fact also emphasizes the importance of incorporating practices that foster 

positive/expert beliefs about science and learning throughout multiple courses, rather 

than isolating these practices as their own entity.  

Within our own population, these findings have prompted modifications to the PC 

and TI staff meetings. For example, TIs are given in-class activities which provide 

opportunities for them to explicitly apply their pedagogical knowledge to their own 
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coursework, such as Organic Chemistry, in addition to their General Chemistry duties. 

By encouraging a broader application of these skills and concepts, TIs may not only 

improve their General Chemistry pedagogical content knowledge, but perhaps also 

develop more expert-like attitudes about learning and chemistry across the field. In a 

similar manner, small changes have since been made to discuss the importance of 

empathy when working with students. Topics of equity, inclusion, and diversity have 

been incorporated within other topics throughout the semester for both the PC and the 

TI staff meetings. 

 To our knowledge, detailed CLASS data has not been reported on previously for a 

peer leader population, although Otero et al. do note positive overall attitude changes in 

Physics LAs.114 The instrument served as a valuable starting point for our investigation 

on peer instructors’ learning attitudes about chemistry. Interviews were then necessary 

as a means of clarification for conflicting or unexpected responses, as well as to assess 

the validity of its use in our population. In the future, a modified version of the survey 

may help to more easily pinpoint attitude changes specific to a peer leader’s role. Such 

an instrument could investigate similar beliefs about learning chemistry, while 

prompting participants to consider their training or experiences in this role. This data 

may inform the pedagogical practices and/or overall structure of the program to target 

peer leaders’ learning beliefs. Alternatively, this data could be compared with their 

attitudes stemming from other coursework, expanding upon the work discussed in this 

paper. If similar results are found, such that peer leaders do compartmentalize or rank 

beliefs based on a specific context, it may be worth investigating why this divergence 

occurs and provide an argument for incorporating explicit pedagogical content 

knowledge within the early general STEM course curricula. 
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Supporting Information for Chapter 3 

I. The Teaching Internship 

The General Chemistry TI program was piloted in the Spring of 2014 and later fully 

implemented in its current form in the Fall of 2015. The three components of the program 

consist of weekly staff meetings, learning sessions, and written reflections. Interactive 

weekly staff meetings are conducted by the program coordinator (E.L.A.) and primarily 

consist of hands-on best practices training, with some time allotted for content 

preparation or to discuss other issues that arise as needed. The learning sessions 

conducted by these TIs vary from small-group office hours to collaborative workshops 

and our Active Learning Recitations. Teaching Interns are responsible for these sessions 

for the entire semester and hold approximately two sessions per week for each credit of 

the TI program (up to 2 credits). TIs submit a weekly, semi-guided reflection post to their 

blog on the course management website, evaluating their experiences and takeaways 

from the staff meeting and their learning sessions. TIs are also required to comment on 

at least one TI’s post each week.  

Students who perform well in the General Chemistry courses are invited to apply to 

the Teaching Internship program midway through their second semester of the General 

Chemistry course sequence. Students who received AP/transfer credits for the first 

semester of General Chemistry are included in this invitation. Students who received 

AP/transfer credits for both semesters of General Chemistry do not receive an invitation 

as they are not enrolled in the course, but they may be considered on a case-by-case 

basis. After completing a short online application, invitees participate in a face-to-face 

group interview where they are observed by both the coordinator and 2-4 current TIs. 

Approximately one-third of the interviewees are selected. TIs may continue in the program 

for as many semesters as they choose, at the discretion of the coordinator, without 

needing to re-apply. The split between new and returning TIs each fall semester is 

approximately 50/50, excluding the pilot semester (Fall of 2015). 
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II. The Certificate in Chemistry Education (CCE) 

The CCE application process is identical to that of the TI program and both sets of 

applicants are interviewed together. The first requirement is the Pedagogy Course, a 

formal, 3-credit course created and taught by the author (E.L.A), which is modeled after 

a similar course reserved for Learning Assistants. The course is conducted in a flipped-

classroom style in which students must read the assigned literature ahead of time. In 

class, students work in groups on an activity that applies this new knowledge to their 

learning sessions with General Chemistry students. Unlike the weekly staff meetings for 

the non-PC TIs, the Pedagogy Couse has weekly homework, multiple papers, and an 

exam. This course covers educational theories and concepts, such as constructivism, 

collaborate learning, mental models, and metacognition. PC TIs hold learning sessions 

with General Chemistry students for one hour per week, and typically in the form of an 

office hour. Like the other TIs, they also must complete weekly written reflections. 

After completing the Pedagogy Course, students in the CCE program sign up for the 

TI program. Although this credit requirement can be completed in one semester, virtually 

all TIs opt to spread the credits over two semesters, with most taking additional credits 

of the TI program.  Thus, the CCE program includes the TI program, but not all TIs are a 

part of the CCE program. The final requirement includes being the solo instructor for the 

General Chemistry labs, which is reserved specifically for junior and senior-level 

students. 

III. Statistical Analysis 

The rank biserial correlation r is equal to the sum of the signed ranks, W, divided by 

the total rank sum, S, i.e.: 

 𝑟 =
𝑊

𝑆
 (1) 

Kerby104 provides an alternate way to calculate the rank-biserial correlation for the 

Wilcoxon signed-rank test, called the Simple Difference Formula, by using the difference 

between the proportion of positive rank sums and the negative rank sums:  



43 

 

 

 𝑟 = 𝑓 − 𝑢 (2) 

Here, f refers to the proportion of favorable ranks and u refers to the proportion of 

unfavorable ranks. The two methods are mathematically equivalent. The correlation r 

ranges from -1 to 1, where 0 indicates no relationship and the sign of the correlation 

provides insight as to whether or not the result matches the hypothesis.  

IV. CLASS Categories 

The CLASS consists of nine categories. Three categories target students’ beliefs on 

problem-solving, including their confidence, sophistication, and general skills. The 

“Conceptual Learning” and “Conceptual Connections” categories provide statements 

about how the topics in chemistry connect and whether or not students prioritize 

memorization over understanding. Similarly, “Sense-Making/Effort” explores how (if at 

all) students apply chemistry concepts to rationalize their answers or understanding. 

“Personal Interest” and “Real-World Connection” focus on students’ personal beliefs 

about chemistry and its application or utility outside of the classroom. The final category, 

“Atomic-Molecular Perspective of Chemistry” includes statements about how students 

use the atomic or molecular representations to understand chemical phenomena or to 

solve problems. This category is unique to the CLASS-Chem, with the other eight 

originating from the CLASS-Physics instrument. With the exception of items in the last 

category, there is at least some overlap in the other eight, meaning individual survey 

items simultaneously belong to two or more categories. Figure 3.2 of the main manuscript 

shows the overlap of items in each category using a Venn diagram, with a larger overlap 

signifying a greater number of items belonging to two (or more) categories. 

V. CLASS “Lazy Data” Response Filtering  

The CLASS uses statements given in both the positive and negative, meaning some 

garnered expert agreement while others converged on expert disagreement. Thus, 

students cannot earn a “high score” by checking the same answer for each item. “Lazy 

data,” in which participants seemed to be selecting answers at random, were removed 

from our analysis via two checkpoints. Item 31 asks students to select “Agree” for that 
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statement, and failure to do so would result in elimination. This did not occur throughout 

any of the TIs’ surveys. The second step flagged participants whose survey had 40% or 

more of the same response. In this case, the entire survey would be individually checked 

and retained or discarded on a case-by-case basis. This occurred two times, with one of 

those sets discarded after discovering that the participant selected “Agree” for the last 35 

items. The other survey was retained after finding no unusual responses.   
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Additional Data Tables 

Table 3.S1. CLASS Scores: First Year Teaching Interns (N=48) 

Category  Pre-test 
Average 

Post-test 
Average 

Shift* Effect-
Size, r 

All categories 
Favorable 77.5 82.0 4.51* 0.42 

Unfavorable 8.6 7.2 -1.39  

Personal Interest 
Favorable 74.0 78.8 4.86  

Unfavorable 7.3 6.9 -0.35  

Real World 
Connection 

Favorable 70.8 81.8 10.94* 0.58 

Unfavorable 10.4 6.8 -3.65  

Problem-Solving: 
General 

Favorable 88.8 88.3 -0.42  

Unfavorable 3.5 4.4 0.83  

Problem-Solving: 
Confidence  

Favorable 90.1 88.0 -2.08  

Unfavorable 4.7 4.7 0.00  

Problem-Solving: 
Sophistication 

Favorable 79.5 81.5 2.08  

Unfavorable 8.6 9.5 0.89  

Sense 
Making/Effort 

Favorable 84.0 84.3 0.23  

Unfavorable 6.0 6.0 0.00  

Conceptual 
connections 

Favorable 82.4 81.8 -0.60  

Unfavorable 5.4 9.5 4.17* 0.67 

Conceptual 
learning 

Favorable 72.9 77.1 4.17  

Unfavorable 11.9 11.6 -0.30  

Atomic-Molecular 
Perspective of 
Chemistry 

Favorable 71.9 81.9 10.07* 0.54 

Unfavorable 10.8 5.6 -5.21* 0.56 

*indicates significance at p≤0.05 
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Table 3.S2. CLASS Scores: Second Year Teaching Interns (N=19) 

Category  Pre-test 
Average 

Post-test 
Average 

Shift* Effect-
Size, r 

All categories 
Favorable 82.9 87.0 4.1* 0.78 

Unfavorable 5.0 4.7 -0.3  

Personal Interest 
Favorable 80.7 85.1 4.4  

Unfavorable 5.3 3.5 -1.8  

Real World 
Connection 

Favorable 80.3 84.2 3.9  

Unfavorable 7.9 5.3 -2.6  

Problem-Solving: 
General 

Favorable 91.1 92.6 1.6  

Unfavorable 2.1 2.6 0.5  

Problem-Solving: 
Confidence  

Favorable 93.4 96.1 2.6  

Unfavorable 0.0 1.3 1.3  

Problem-Solving: 
Sophistication 

Favorable 85.7 90.2 4.5  

Unfavorable 3.8 3.8 0.0  

Sense 
Making/Effort 

Favorable 83.6 88.9 5.3  

Unfavorable 4.1 4.7 0.6  

Conceptual 
connections 

Favorable 86.5 89.5 3.0  

Unfavorable 4.5 3.8 -0.8  

Conceptual 
learning 

Favorable 82.7 86.5 3.8  

Unfavorable 6.0 6.8 0.8  

Atomic-Molecular 
Perspective of 
Chemistry 

Favorable 78.9 86.8 7.9* 0.67 

Unfavorable 5.3 3.5 -1.8  

*indicates significance at p≤0.05 
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Table 3.S3 CLASS Scores Pedagogy Course Teaching Interns (N=42) 

Category  Pre-test 
Average 

Post-test 
Average 

Shift* Effect-
Size, r 

All categories 
Favorable 84.9 85.1 0.3  

Unfavorable 4.8 6.5 1.7  

Personal Interest 
Favorable 81.7 83.7 2.0  

Unfavorable 2.0 6.3 4.4* -1 

Real World 
Connection 

Favorable 82.1 86.3 4.2  

Unfavorable 6.0 5.4 -0.6  

Problem-Solving: 
General 

Favorable 91.7 91.4 -0.2  

Unfavorable 1.9 2.6 0.7  

Problem-Solving: 
Confidence  

Favorable 93.5 90.5 -3.0  

Unfavorable 0.6 3.6 3.0  

Problem-Solving: 
Sophistication 

Favorable 86.7 84.4 -2.4  

Unfavorable 4.1 7.1 3.1  

Sense 
Making/Effort 

Favorable 89.4 89.4 0.0  

Unfavorable 5.3 4.0 -1.3  

Conceptual 
connections 

Favorable 88.4 88.4 0.0  

Unfavorable 3.4 4.1 0.7  

Conceptual learning 
Favorable 83.3 79.6 -3.7  

Unfavorable 6.8 10.2 3.4  

Atomic-Molecular 
Perspective of 
Chemistry 

Favorable 79.8 81.7 2.0  

Unfavorable 6.0 8.7 2.8  

*indicates significance at p≤0.05 
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Table 3.S4. Definitions of Other TI Benefits 

Category 
# of 

Mentions 
% of 

Mentions 
Definition 

Improved Skills or Knowledge 

Pedagogical 

Knowledge and 
Techniques 

20 28.2 

From teaching perspective: Use of pedagogical techniques, such as cooperative 
learning, facilitation of knowledge (versus teaching “at” students), etc. in the context 

of General Chemistry; Endorsement of teaching practices based on meaningful 
learning, metacognition, constructivism, etc. 

Problem-Solving 
Strategies 

12 16.9 
Acquirement of new methods or general, productive approaches for solving 
chemistry problems, including the judgment of the feasibility of an answer; 
Improved efficiency in solving chemistry problems 

Learning Through 
Teaching 

7 9.9 
From student perspective: General knowledge or skills about learning gained 
through the TI program and applied to own coursework (e.g. improved study skills) 

Chemistry Content 
Knowledge 

4 5.6 Improvement in own knowledge or understanding of concepts in General Chemistry  

View of Chemistry 

Conceptual 
Connections 

8 11.3 

Recognition of or improvement in ability to form connections between concepts 
within chemistry or between other science disciplines; Belief that all topics in 
chemistry are connected by a finite set of underlying concepts (versus the view of 
chemistry as discrete, independent topics) 

Personal 
Interest/Enjoy 
Chemistry 

4 5.6 
Increased fascination with chemistry or intrinsic motivation to learn more about 
chemistry, beyond what is necessarily required for a course; General feeling of 
satisfaction when learning chemistry 

Chemistry in the 
Real World 

3 4.2 
Recognition of chemistry-related phenomena in everyday life, outside of the 
classroom; Use of practical examples to teach or understand chemistry 

Interpersonal/Intrapersonal Growth 

Confidence/ 

Persistence 
4 5.6 

Increased belief in own abilities to succeed academically and/or to be able to tackle 

new challenges 

Empathy/ 
Appreciation 

9 12.7 
Development of a stronger sense of compassion for those that are struggling, 
including students in the class and/or for others in general; Acknowledgement of 
the effort professors put into teaching 
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Figure 3.S1. An alternative representation for Figure 3.4. Each CLASS category (left) is mapped to a specific context 
(right), based on the responses from the interviews. If an item belonged to two or more categories, it was included as 
such. The thicker the line, the more items from that category were mapped to a given context listed on the right. “PS” is an 
abbreviation for “Problem-Solving;” “AMPC” is an abbreviation for “Atomic-Molecular Perspective of Chemistry.” 
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Chapter 4 | Give and Take: Narrowing the Gap Between 
Theory and Practice of Peer Instructors Over Time 

Abstract 
Peer instruction is used as a means of facilitating knowledge-building among 

students of similar age and experience levels. Peer instructors often differ from other 

teaching roles in terms of authority, training, and teaching experience, all of which may 

influence how they are perceived by their students. If the implementation of peer 

instruction continues to expand in higher education, then the interactions between peer 

instructors and their students remain a critical component of student learning and 

warrant further investigation as a means to improve the efficacy of such programs. In 

this work, the Teaching Internship program provides supplemental learning sessions for 

students in the General Chemistry course sequence. The Teaching Interns (or TIs) are 

the peer instructors that have been selected from a pool of former successful General 

Chemistry students. All TIs undergo weekly training and reflection activities to help 

articulate, develop, and practice their teaching approaches. In this multi-case study, a 

qualitative approach is used to investigate the verbal behaviors of the TIs and the extent 

to which those behaviors match their beliefs about teaching. Discourse analysis is used 

to characterize the interactions between TIs and students as monologic, dialogic, or 

noninteractive. The TIs’ weekly reflections are used to provide insight into their beliefs 

about teaching as well as their perception of their own teaching sessions. Two TIs are 

each observed in their office hours over the span of one semester, one year, or two 

years. The results provided here suggest that even at the start of the program, TIs hold 

some productive beliefs about teaching, such as the importance of understanding 

versus memorizing and the value in co-constructing knowledge with the student. 

However, these beliefs were not necessarily aligned with their practices, as 

demonstrated by TIs’ heavy use of monologic discourse, shallow explanations of 

knowledge, and noninteractive behaviors. After one semester of teaching and pedagogy 

training, the TIs showed remarkable improvements in their use of student-centered 
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discourse and abilities to convey or elicit deeper knowledge amongst their students. 

These behaviors continue to progress as the TIs gain further experience. Additionally, 

the TIs improved in their abilities to self-monitor their own teaching behaviors, closing 

the gap between their practices and espoused beliefs about teaching, and appear to 

tune their focus towards bettering student learning rather than simply managing their 

sessions. 
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Introduction 
As institutions of higher education seek to make their classrooms more conducive to 

active learning, peer instruction has been one type of reform to facilitate this process. 

Within peer instruction, undergraduate student learning is facilitated by other 

undergraduates, usually of whom have demonstrated prior success in the same course, 

and often have had pedagogical training in instruction. There is an extensive literature 

on the benefits of peer instruction for students on the receiving end,16, 19, 22 as well as 

for the peer instructors themselves.1, 20, 32, 33 Aside from assessing the outcomes, 

researchers have considered the interactions that occur during these peer instruction 

sessions in order to better understand the impact of these programs on the student 

learning processes. For example, Kulatunga and Lewis115 examined the extent to which 

peer instructors are able to implement methods of argumentation in their Peer-Led 

Process Oriented Guided Inquiry Learning (POGIL) sessions. The researchers linked 

students’ argumentation patterns to the specific verbal behaviors of the peer 

instructors. In another study, Smith and colleagues116 investigated the differences 

between peer instructors’ behaviors within a traditional Peer-Led Team Learning (PLTL) 

settings versus its cyber counterpart (cPLTL).  However, it remains unclear as to how 

the modes of interaction of peer instructors’ change over time, how their training is tied 

to those changes, and whether or not the peer instructors are cognizant of those 

changes.  

The participants in the current study are the Teaching Interns, or TIs, who serve as 

the peer instructors in the General Chemistry course sequence at Rutgers University.1, 4 

Specifically, this research investigates the ideas that these peer instructors hold about 

their role and about teaching in general, as well as how those beliefs align with their 

actual teaching practices. This work seeks to understand how the theory-practice gap 

evolves over time as the TIs gain pedagogical knowledge and experience. Such questions 

have been examined within the context of teacher training and tutor learning; however, 

peer instructors are unique in that they are not typically seen as figures of authority as 
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teachers are,13, 50 and in most cases, they receive training in how to conduct their 

learning sessions, unlike the many tutors.117  In this way peer instructors afford an 

opportunity to examine an important middle ground that also represents a key element 

of teaching and learning infrastructure at many universities, including Rutgers. 

A multi-case study approach was taken to follow a total of six TIs over varying 

lengths of time to monitor the changes that occur during their learning sessions with 

students. Two TIs each were observed over one semester, one year, and two years. 

Analysis of these observations included the ways in which they communicated 

information to their students, as well as the content of that information. Weekly written 

reflections by the TIs were used in conjunction with these observations to gain insight 

as to how they evaluated their learning sessions and viewed their progress. This work 

begins with a brief background on peer instruction and a thorough look at how 

discourse analysis been used to characterize classroom dynamics in the literature. 

Practical theory was selected as a framework to guide this research and stems from the 

two research questions that were developed. A description of the setting provides the 

context for this study, while the subsequent methods section details the exact 

procedures of data collection and analysis. Because this study is structured as a case 

study, the results and discussion section are combined in order to maintain the flow 

from case to case. The paper concludes by highlighting the major findings and how they 

are tied to some key implications for practice and future research exploration in this 

domain.  

Background 

Peer Instruction and Social Constructivism 

The implementation of peer instruction, sometimes referred to as near peer 

instruction,26 has grown tremendously since the early days of Supplemental Instruction 

(SI).41 Countless other models have since been implemented and reported on in the 

literature, spanning a variety of disciplines (chemistry,1, 106 nursing,12 computer 

science,45 sociology,18 etc.) and program structures. There is no singular peer 
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instruction program model, and so they often vary widely in their structure and training 

mechanism. Still, one guiding principle for many of these programs is social 

constructivism and the practice of facilitating knowledge through scaffolding.118-120 The 

premise of social constructivism stems from the work of psychologist Lev Vygotsky and 

refers to the construction of knowledge by an individual achieved through social 

interactions.5, 121, 122 As Murphey describes near peers as those close in age and social 

level,26 it is fitting that a constructivist framework underlies these peer instruction 

programs, as students are able to co-construct knowledge with those of a similar level 

and background. However, Velasco and Stains discuss,123 the frequency of training is 

likely a contributing factor as to how well these peer instructors are able to maintain a 

constructivist environment.  

The present study looks at undergraduate students enrolled in the Teaching 

Internship (TI) program.1, 4 This program is a peer instruction model in which former, 

successful General Chemistry students assist current General Chemistry students 

through supplemental instructional sessions. The TIs receive weekly pedagogy and best 

practices training, which is framed in the context of social constructivism. TIs are 

taught to facilitate students’ knowledge, via effective questioning and scaffolding, rather 

than through didactic lectures. The goal of this research is to evaluate the ability of TIs 

to conduct their learning sessions in this manner by examining the dialogue that arises 

with their students. A detailed description of their roles, training, and responsibilities 

can be found in a subsequent section, under Setting.  

Discourse Analysis 

Discourse analysis is a collection of methods used to investigate and ultimately 

characterize verbal, written, and non-verbal forms of communication within a defined 

setting.124 In the education literature, such analysis is typically used to examine 

interactions between two or more students in a classroom or between the instructor 

and the student(s). For example, Shultz and Li125 used discourse analysis to analyze the 

group dialogue of students enrolled in a problem-based learning laboratory course. The 
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researchers identified the ways that students use external resources to solve a problem 

in the context of information literacy. In a study by Dohrn and Dohn,126 the researchers 

were investigating the way(s) in which different types of questions influence classroom 

dynamics in a high school chemistry class. Specifically, discourse analysis was used to 

classify the questions posed and analyze the subsequent student responses. As evident 

in both of these studies, discourse analysis often makes use of an analytical framework 

in order to answer the research questions at hand. 

Identifying the Dimensions of Discourse 

Within discourse analysis, there are variety of different lenses used to interpret 

social interactions in an educational setting. Observational data collected from the 

present study is analyzed according to three distinct dimensions to characterize the 

information being communicated between TIs and students: (1) direction of information, 

(2) type of information, and (3) depth of information 

First, the direction of information refers to the person (or people) who are 

contributing the substance within an interaction. In the education literature, this 

direction is often used to characterize the verbal exchanges between a teacher and their 

student(s). One common dichotomy is the classification of monologic versus dialogic 

discourse. The term “monologic” generally describes discourse that is transmitted 

unidirectionally, e.g. from the teacher to the student.127 Conversely, dialogic discourse 

invites equal participation from all parties, usually in the context of co-constructing 

learning.127 Similar schemes have been used previously, such as interactive versus 

noninteractive discourse.128 O’Connor and Michaels made a point to clarify the 

differences between structural and ideological monologic and dialogic discourse, 

denoting the ideological forms as Monologic and Dialogic, versus the lower-case 

structural forms.129 In their work, they explain how episodes of dialogue can take on 

mixed ideological and structural forms. For example, a teacher asking a student 

questions while the student responds is dialogic in structure (the dialogue is 

bidirectional) but Monologic in ideology, as the teacher is recognized as the authority 
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and holder of knowledge. Peer instructors are not intended to be authority figures or 

content knowledge experts. In their interactions with students, such age and status 

differences are negligible or even ambiguous. Thus, the present study makes use of the 

structural form of monologic and dialogic discourse.  

In addition to how information was directed, researchers have also investigated the 

types of information that can arise in a classroom. For example, Dohrn and Dohn126 

characterize the various questions posed by chemistry teacher according to content (e.g. 

academic) and function (e.g. clarification). In the context of a tutoring session, Velasco 

and Stains123 classify the type of information exchanged as “knowledge” or “common 

ground.” This classification system is aligned with the writings of Wells and Arauz,127 

who argue that in order for dialogue to be effective, both participants must “make a 

persistent attempt to understand each other’s perspectives.” Within the context of a TI-

led chemistry office hour, this form of negotiated understanding is distinct from the 

exchange of factual knowledge and formed the two categories within this dimension.  

A third dimension pertinent to this study further describes the quality or depth of 

knowledge which is being communicated. In the aforementioned study, Velasco and 

Stains123 further divided their knowledge category into knowledge-telling behaviors and 

knowledge-building behaviors; however, common ground codes were not differentiated 

in this way. Similarly, Graesser and Person130 evaluated the quality of questions posed 

by teachers/tutors based on the length of an answer and the level of reasoning required 

by the student. Both of these approaches were adapted in this study to draw distinct 

boundaries between “deep” and “shallow” knowledge questions and explanations in 

order to better illustrate the changes in TIs’ verbal behaviors that occur over time.  

Framework 

Practical Theory 

Practical theory refers to the collection of ideas, beliefs, knowledge, and experiences 

that shape the actual practices of an instructor.131 This is in contrast to the teaching 

practices that an instructor may verbally advocate for, which may or may not be aligned 
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with their practical theory.  Argyris and Schon use the term congruence to describe the 

alignment of one’s “theory-in-practice” (what they actual do) with their “espoused 

theory” (what they claim to do).132 Using this framework, Jaap Buitink131 looks at the 

way student teachers develop and modify their practical theories while immersed in a 

school-based teaching program. The researcher defines a well-developed practical 

theory as one that takes into consideration the actual learning process of the students, 

rather than just their own perspectives, performance, or classroom management 

concerns. Buitink refers to this mediocre practical theory as a teacher simply looking 

for “survival.” Velasco and Stains123 used this same framework to investigate the 

relationship between tutor behaviors and perceptions of teaching. One difference 

between these two studies is that student teachers had undergone formal training to be 

a teacher, whereas the tutors had not.  

Peer instructors offer a unique opportunity to explore the concept of practical 

theory, as they exist in the same realm as students, having remarkable similar prior 

experiences and perhaps even day-to-day experiences as the students they teach. 

However, in the case of TIs, their pedagogical training differentiates them from most 

tutors. Likewise, their training is continuous and concurrent to their teaching duties, 

which evidence suggests is necessary for novice instructors to be able to successfully 

apply theory to practice. 107, 133 This study uses observations to characterize TIs’ 

practices, coupled with their written reflections to gauge their beliefs about their 

teaching methods. An in-depth look at a subset of TIs over varying intervals of time in 

the TI program will help to elucidate how the TIs’ practical theories shift, if at all, and if 

there is congruence between their practice and espoused theory.  

Research Questions 
The guiding questions behind this investigation seek to paint an overall picture of 

what a typical office hour looks like for a Teaching Intern, and how that relates to their 

own perception of their teaching practices.  The three research questions can be state 

as follows: 
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1. To what extent do peer instructors change in their use of unidirectional and 

bidirectional verbal behaviors as time goes on? 

2. To what extent does the content of the interactions between peer instructors and 

their students change? 

3. Does a peer instructor’s beliefs about teaching differ from their actual teaching 

behaviors? 

Setting 

Location 

Rutgers University is public research-intensive university, serving as New Jersey’s 

flagship university. Each year, Rutgers hosts approximately 70,000 students, including 

20,000 graduate students. The TIs in this study assist students in the General 

Chemistry course, which enrolls approximately 2,000 students per semester. The 

courses are taught by four or five different instructors per semester, but all students 

complete common exams, quizzes, and online homework. In addition to lectures, all 

students attend an online, weekly recitation. Each week, the TIs hold numerous 

supplemental help sessions for students to attend on an as-needed basis.  

The Teaching Interns 

The university offers undergraduates numerous certificates to earn alongside their 

degree. One certificate program founded in 2015 is titled the Certificate in Chemistry 

Education (CCE) program.3 This nine-credit program includes a Pedagogy Course and 

experience in teaching for both the General Chemistry courses and the laboratory. The 

list of requirements for the CCE program can be found in Table 4.1. Alternatively, 

students can become involved in teaching by enrolling in any of the three CCE 

components separately, without earning the certificate. The majority of Teaching Interns 

each semester are not a part of the CCE program.4 Students are invited to apply and 

interview for either program based on their success in General Chemistry. While TIs are 

expected to demonstrate their knowledge of chemistry, an “A” in the course is not 

required. Group interviews are used to give prospective TIs the opportunity to 

demonstrate their ability to communicate chemistry with their peers and work 
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collaboratively on the questions and activities presented in the interview. Approximately 

15 students enroll in the Pedagogy Course per semester, while the average enrollment of 

the Teaching Internship ranges from 40-50. Of those in the TI program in a given 

semester, nearly half are second- or third-year TIs.  

Table 4.1. Certificate in Chemistry Education (CCE) Coursework and 

Requirements* 

Course Length 
(Semesters) 

Credits per 

Semester 

Weekly Requirements 

Introduction to Chemistry 
Education (Pedagogy Course) 

1 3 Flipped Class: 80 min 

One Learning Session: 1 hour 

Written Reflection 

Teaching Internship 2+ 1-2 Staff Meeting: 1 hour 

Multiple Learning Sessions: 2-4 
hours 

Written Reflection 

Teaching a Chemistry Lab 1+ 3 Lab Training: 3 hours 

Teaching: 3 hours 

*Reproduced from Atieh et al.1  

 

Both the Pedagogy Course and the Teaching Internship include an educational 

training component. Students in the Pedagogy Course (PC TIs) complete readings, 

activities, and assignments intended to provide a thorough background in numerous 

topics of chemistry and science education, including the theories of constructivism, 

mental models, metacognition, and multiple representations. Students in the Teaching 

Internship (non-PC TIs), however, primarily receive training focused on best practices, 

such as ways to get students to work together, how to construct effective questions, and 

how to scaffold learning. During the duration of this study, the author (E.L.A.) was the 

instructor for both courses. Concerning the teaching components, PC TIs typically only 

hold one office hour per week, while the non-PC TIs hold approximately two learning 

sessions per week, in the form of office hours, workshops, review sessions, or acting as 

facilitators in the new face-to-face active learning recitations. 
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Methods 

Observations 

Observations of six Teaching Interns in their office hours were conducted over four 

semesters, spanning Fall 2016 to Spring 2019. These TIs were each observed during 

their second week in the program, and then again at varying intervals: two TIs each 

were recorded over one semester, one year, or two years as a TI. The TIs that were 

selected for this analysis were chosen at random, controlling for gender and whether or 

not they enrolled in the Pedagogy Course, where possible. However, being that most 

multi-year TIs “graduate” into holding other learning sessions, such as workshops, the 

opportunities to observe the same TI over extended periods of time in their office hours 

was limited. 

The room in which office hours are conducted is a large, open room full of tables 

and serves as a popular group study space. Several courses host their office hours in 

this room. The TIs have two large tables and a white board reserved for 6 hours each 

weekday, with one TI per hour. Students are allowed to drop in at any time without 

advanced notice. Usual attendance includes 3-5 students at any given time, although it 

is not uncommon to see upwards of 10-12 students at once during the weeks of exams. 

Being a shared room, video data collection was not be suitable for privacy reasons. The 

possibility of students being deterred from extra help because of the video recordings 

also raised ethical concerns. Instead, audio data was collected using a small, hand-held 

device. The observer (E.L.A) also took written notes on a laptop to keep track of the 

speakers, nonverbal behaviors, and other details which may have otherwise been 

ambiguous.  

Audio data was transcribed verbatim with timestamps by the author (E.L.A.) using 

NVivo version 11. A sampling technique was used to analyze the data, in part because 

recording was limited only to General Chemistry students who also consented to 

participate in the research study. In order to allow the TI to acclimate to the 

observation, the first five minutes of the office hour are excluded from analysis. 
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Afterwards, ten minutes from the beginning of the office hour and the final ten minutes 

are coded. If extraordinary differences between the two sets of data arose, an additional 

5 minutes of data would be included in the analysis. This back-up plan was not 

necessary for the data presented in this study. 

Analysis of Transcripts 

Cole et al. state that the selection of a unit of analysis is a key step in discourse 

studies.124 Units of analysis are the individual portions that are coded and may include 

complete thoughts or sentences, turns of speech, or time. Casual dialogue, such as that 

found in these observations, does not always include complete sentences, and 

quantifying a “complete thought” would be subjective. Using the turns of speech as a 

unit had the potential to mislead as well. For example, lengthy explanations by the TI 

would be obscured by coding it as a single turn.  As this study aimed to provide a 

snapshot of how the TI spent their time in the office hour, it was most reasonable to use 

length of time as the unit of analysis. 

Open-coding of the audio data consisted of a short description of the TIs’ and 

students’ actions or type of speech (e.g., asking a question, giving advice, etc.). Upon 

discussion with the second researcher (D.M.Y.), a second round of coding was 

performed to further clarify these actions and speech using a fine (e.g., asking a recall 

question, giving course advice). This coding scheme was organized and placed into a 

spreadsheet that with examples for training. The second researcher coded 

approximately 15% of the data chosen at random from each TI. The initial overall 

agreement was around 81%. After modifying some of the definitions and discussing 

each of the discrepancies, a full agreement on the coding scheme was attained. The full 

coding scheme can be found in the Supporting Information Table 4.S1 along with 

examples of each. 

As described in the Background of this paper, discourse was analyzed using three 

different dimensions, each of which describe some component of the information being 

communicated. These dimensions are visualized in Figure 4.1.  
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Figure 4.1. The hierarchy of the three dimensions of discourse used to describe TI office hours. 

The first dimension of discourse sought to address Research Question 1, 

determining whether TIs adjusted their speech to allow information to flow both ways or 

if they predominantly spoke at the student. Being that the system of interest in this 

study is the TIs, discourse is described in relation to them. That is, discourse was 

classified as “monologic” if the information given by the TI to the student was strictly 

intended to deliver a specific message.134 Discourse was coded as “dialogic” if the TI was 

actively eliciting verbal participation from the student, such as through questioning or 

prompting. If no information was being communicated or elicited (such as a TI trying to 

solve a problem independently), the action was coded as “noninteractive.” 

The second dimension used to analyze the data is based on the type of information 

being communicated. Information was classified as “knowledge” if new information was 

being shared or elicited by the TI. For example, if a TI initiated an explanation of some 

chemical phenomenon, this was coded as “knowledge.” The remainder of information 

involved the revoicing of previously-discussed knowledge and questions to check 

mutual understanding. This was coded as “common ground.” 

The “knowledge” code was further dissected based on a final dimension: depth. This 

dimension emerged as it became evident that some TI-initiated questions required a 

greater understanding from the students (“deep”) when compared to recall questions 
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(“shallow”). Questions posed by the TIs were classified under one of 16 types described 

by Graesser and Person.130 The required length of response130 and number of possible 

answers was used to categorize knowledge questions as deep or shallow (Table 4.2). 

Questions requiring both long answers and for which there were multiple possible 

answers were considered “deep” knowledge, while “shallow” questions met neither or 

only one of these requirements. Specific examples of each question type can be found in 

Table 4.S2 of Supporting Information.  

Table 4.2. Classification of TI Question Types 

Question Type* Length of 
Response 

Number of Possible 
Correct Responses 

Depth 

Verification Short Single Shallow 

Disjunctive Short Single Shallow 

Concept completion Short Single Shallow 

Example Long Multiple Deep 

Feature specification Short Single Shallow 

Quantification Short Single Shallow 

Definition Long Single Shallow 

Comparison Long Multiple Deep 

Interpretation Long Multiple Deep 

Causal antecedent Long Multiple Deep 

Causal consequence Long Multiple Deep 

Goal orientation Long Multiple Deep 

Instrumental/procedural Long Multiple Deep 

Enablement Long Multiple Deep 

Expectation Long Multiple Deep 

Judgmental Long Multiple Deep 

*Question types adapted from Graesser and Person130 

  

Written Reflections 

Each week, TIs submit a written reflection post to a forum on the course 

management site. These posts are visible to the other TIs and each TI is required to 

comment on at least one of their classmates’ posts per week. Reflection posts are semi-

guided and generally include open-ended questions about their key takeaways from 

their learning sessions and weekly training (or the Pedagogy Course). A sample prompt 

can be found in the Supporting Information. Reflection posts were analyzed for each of 
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the TIs in this study, primarily focusing on the ways TIs describe their roles, teaching 

beliefs, and personal changes that they have noticed in themselves.   

IRB 

All methods and procedures discussed herein were granted IRB approval under 

protocol #15-813M with annual renewal. All participants in this study provided their 

informed consent. General Chemistry students were given the option to participate or 

abstain at the beginning of the semester. As they signed in to the office hour upon 

arrival, their names were cross-checked to determine whether or not they had offered 

their consent. Without consent, the audio recordings were ceased. All participants were 

informed of their right to withdraw completely from the study or choose to not 

participate in a particular component at any time without any detriment to their grade 

or academic standing.  

Charlie and Theo – 1 Semester 

Observations 

Theo and Charlie both began in the Fall 2016 semester as TIs. Theo was enrolled in 

the Pedagogy Course, while Charlie was not. Both TIs began with very similar discourse 

profiles (Figure 4.2). Just about half of their earlier office hour consisted of monologic 

discourse, with the bulk of that time described as shallow knowledge. In contrast, less 

than one-fifth of their sessions were dialogic. Even when they were eliciting information 

from students, it was primarily in the form of shallow questions, such as “What makes 

up the atomic mass?” Notably, student dialogue and actions represented a similar 

proportion as the dialogic discourse. While Theo was coded as having more 

noninteractive time, both TIs spent a nontrivial amount of time solving problems on 

their own, before deciding to interact with students. This behavior is most common 

when a TI is insecure in their content knowledge or otherwise worried about making a 

mistake in front of the student.  
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Figure 4.2. A comparison of the type of discourse in Charlie’s (top) and Theo’s (bottom) office hours. The pie charts on the 
left represent the first observation, while the pie charts on the right represent the second observation 1 semester later.  

Table 4.3. Change in TI Discourse (One Semester)  

 Δ% of Total Discourse* 

Discourse Charlie Theo 

Dialogic  12.8  11.5 

Monologic -23.3 -24.2 

Student  19.6  25.9 

None  -9.2 -13.2 

*Change in percentage of total discourse from the 1st 
observation to the 2nd observation (i.e., post-pre) 

 

After only one semester, a positive change in the student dialogue is clear. Being 

that the amount of monologic discourse dropped by nearly half of its original amount 

for both TIs, it is reasonable that the amount of student-generated activity jumps 

accordingly. Further, within the monologic discourse category, deep knowledge and 

common ground constituted a greater proportion when compared to the first 

observation. Charlie did not have any evidence of noninteractive time coded, while Theo 

had very little in comparison to his first office hour. Although their dialogic discourse 

did increase, both TIs were still predominantly asking shallow knowledge questions, 
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and common ground remained more likely to be established by the TI (monologic) rather 

than elicited (dialogic). Table 4.3 provides the overall change in percentage (Δ%) of the 

total discourse for Charlie and Theo, while Tables 4.S3 and 4.S4 (Supporting 

Information) provide the complete raw data for each TI. 

Reflections 

Over the course of one semester, Charlie (Box 4.1) and Theo (Box 4.2) both reflected 

on their learning sessions and what they had taken away from the weekly TI meetings 

and Pedagogy Course, respectively. During the first week, they were asked to describe 

their general teaching approach. Both Charlie and Theo state that they want their 

students to “understand” the material and believe in guiding the students, although it 

is not clear exactly what is meant by these terms. Theo does expand somewhat on his 

strategy, stating that he only wants to use a “small amount of direction” but will 

redirect students if they are “so far off.” He also states that he seeks to improve his own 

knowledge so that others can understand his thinking. Both TIs appear to imply that 

part of their role is to hold the correct knowledge and then lead students to the same 

understanding.  

During the week of their first observations (Week 2), both TIs describe their office 

hours and challenges they faced. Charlie was confident in his ability to answer 

students’ questions effectively and suggests that his approach to problem-solving is 

“more organized and understandable.” This is consistent with the results of his 

discourse analysis, which was predominantly monologic (Figure 4.2). While he does 

indicate that he values student understanding (via assessment), this was not something 

he was able to practically do. Instead, it appears his first priority was in communicating 

his knowledge on the topic first.  
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Following Theo’s first observed office hour (Week 2), he uses his reflection space to 

describe one challenge that arose when his expectations of a student did not align with 

reality. This particular interaction was not part of the discourse that was analyzed and 

documented in Figure 4.2. He found that while he tried to “explain” electron 

configurations, she lacked some of the foundational pieces of knowledge. It is not 

possible to infer Theo’s feelings from this interaction (e.g. frustrated, empathetic, 

concerned, etc.), and it is also unclear as to what specific steps he took leading up to 

this exchange. For example, use of an “explain” approach (monologic) may have been a 

strategy he resorted to only once he realized the student’s baseline knowledge on 

electronic structure was lacking. Nonetheless, the predominance of monologic discourse 

Box 4.1: Reflection Passages from Charlie 

Week 1: My [strategy] is to guide a student into a mindset in which he/she understands 

what is being asked and to understand what the formulas mean.  

Week 2 [1st Observation]: I felt very prepared and was able to answer the questions 
in an effective manner. I was also able to give insight on how I personally set up a 
problem to show the student a more organized and understandable approach... I did 
not have time to give a practice question, so I cannot be sure if he actually understood 
the question 

Week 5: [From the weekly TI meeting] It is much easier to learn new material if you can 
connect it to something you already understand and if I can try and find these 
connections in the students I help, then it should help them grasp certain concepts 
quicker and with more comprehension 

Week 8: Many [TIs] asked a lot of preliminary questions before even starting the 
[practice problem]…It seems like something I might want to spend more time on because 
understanding the roots of the problem is very important. 

Week 11: It is important to guide the students towards the answers instead of just 
telling them how to do it…I think students learn when they apply their own problem 
solving skills to test knowledge. This process can be facilitated with guidance from 
others but even so, effective learning will not occur unless the student puts in effort as 
well 

Week 14 [2nd Observation]: I have noticed that I try a lot harder to guide the student 
into giving each part of the answer as opposed to when I used to explain what to do and 
check to see if they understood. By having the student answer each part, it helps to see 
where they may be struggling exactly and to see if they are actually following along… 
 

[On changes they’ve noticed in themselves]: I have become a bit more personable. I try 
much harder to make it "our" problem to solve and not just the students. I make a 
conscious effort to use words like "we" or "lets do this" in hopes that the student will be 
more engaged and it seems to be effective. 
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observed and the limited student dialogue illustrated in Figure 4.2 suggest that Theo 

relied on mainly on explanations to exchange knowledge, contrasting with his espoused 

strategy of only employing “a small amount of direction” as stated in Week 1.  

Over the weeks, Charlie and Theo reflect on the knowledge or strategies they wish to 

incorporate into their own teaching. In some instances, these changes are informed by 

topics discussed in weekly training (Charlie, Week 5), while others stem from in-class 

“practice office hours” with other TIs (both, Week 8). In Week 5, Charlie’s key takeaway 

from the TI meeting is the idea of ascertaining and using a students’ prior knowledge to 

Box 4.2: Reflection Passages from Theo 

Week 1: I'm not one to lead people to the answer but have them get there with a small 
amount of direction, but if they are so far off, then I will redirect them…I hope to learn 
how I can improve my knowledge in such a way to be able to get others to understand 
what I am thinking too.  

Week 2 [1st Observation]: I had a student come to my office hours with some relatively 
simple questions that turned into me discovering that her previous knowledge of some 
of the basic concepts was absent. Trying to explain election configuration when the 
student does not know how many electrons are in an atom or what valence electrons 
are, can make it an uphill battle. 

Week 5: I am trying to move away from presenting material to students and for them to 
start learning on their own and making their own assumptions and conclusions with 

me guiding them there. 

Week 8: I saw a fellow TI redirect a student's alternate conception in a very effective 
yet positive way which was exactly how we discussed in class which I hope to help 
improve on 

Week 11: [On what a successful office hour looks like] The TI would first establish 
what the student's knowledge of the topic is and where they have gaps. Then the TI 
would attempt to clarify some alternate conceptions, and have the student ask 
questions. Finally the TI would challenge the student [and] require the student to reflect 
on what they just talked about. 

Week 14 [2nd Observation]: Several students were having difficulty with 
understanding the concept of molarity. So I had gotten them to walk me through a 
problem…What was good about this was that where one student had struggled 

understanding the topic, another was able to help. We walked through the entire 
problem together. 
 
[On changes they’ve noticed in themselves]: How to be a more positive and encouraging 
teacher…I have grown to realize that if I create an environment of joyfulness then the 
students are more likely to work on the problems and attempt to think about the topics 
rather than just get the answer. They start to enjoy the material and the reward of 
understanding the concepts. I am more content with teaching …because I can see how 
in some people's mind certain "incorrect" ideas are only alternate conceptions. 
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make conceptual connections (i.e., Meaningful Learning7). This approach is echoed in 

Week 8, where he considers how to incorporate more questioning in order to achieve 

this goal, and again in Week 11, as he emphasizes the importance of student initiative 

in their learning. Theo describes a similar pattern of recognizing his unidirectional 

approach to teaching (Week 5) and discusses the ways he would like to change. A 

common theme in both Week 8 and 11 is alternate conceptions, which was the topic of 

Week 4 in the Pedagogy Course. It is noteworthy that he discusses this twice, along 

with invoking similar Meaningful Learning ideas as Charlie (i.e., ascertaining student’s 

prior knowledge in Week 11), given Theo’s reflection of his first observation in which he 

failed to initially determine his student’s prior knowledge and struggled with her lack of 

background knowledge. Following their second observation, both TIs describe problem-

solving in solidarity with their students and suggest that their focus has shifted from 

transmission of the correct information to the building of knowledge with their 

students.  

In addition to their teaching approaches, both Theo and Charlie describe strikingly 

similar interpersonal changes that resulted from their experience as TIs. Charlie 

recounts a practice that was explicitly discussed during the TI weekly meetings: the use 

of “we” in an effort to build trust. Theo writes that he had become more approachable 

and established a more amenable learning environment as a result. Both TIs believe 

that their students were receptive to these changes, which in turn made the students 

more willing to engage. In addition to their teaching approach, these interpersonal 

changes may have also led to the increase in student participation.   

Noureen and Vidya – 1 Year 

Observations 

Neither Noureen nor Vidya had taken the Pedagogy Course during the course of this 

study. Noureen’s initial office hour looked very much like that of Charlie’s and Theo’s, 

with nearly one-half of it coded as monologic discourse (Figure 4.3). However, one 

difference was that much of her monologic discourse was of deep knowledge. That is, 
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Noureen provided reasoning behind the explanations for her students, rather than only 

facts. On the other hand, Vidya has the lowest proportion of monologic discourse of all 

of the TIs observed. However, she easily spent the most amount of time working 

independently. Looking at the transcript of her first office hour, her pattern was one in 

which a student would ask a question, she would solve it on her own to be sure she 

understood it, and then explain her steps. 

 

Figure 4.3. A comparison of the type of discourse in Noureen’s (top) and Vidya’s (bottom) office hours. The pie charts on 
the left represent the first observation, while the pie charts on the right represent the second observation after 1 academic 
year (2 semesters). 

Table 4.4. Change in TI Discourse (One Year)  

 Δ% of Total Discourse* 

Discourse Noureen Vidya 

Dialogic -4.7 21.8 

Monologic -21.4 -13.4 

Student 30.6 20.5 

None -4.5 -28.9 

*Change in percentage of total discourse from the 1st 
observation to the 2nd observation (i.e., post-pre) 
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Similar to Charlie and Theo, both Noureen and Vidya saw a marked increase in the 

amount of student dialogue and actions as their experience grew. After one year in the 

program, both TIs declined in the amount of noninteractive time, as well as in their 

monologic discourse. Although Noureen’s dialogic discourse did not increase, she 

shifted toward asking deeper questions, which may in part explain the growth of 

student dialogue. This was true of Vidya as well, who also saw an increased use of 

dialogic discourse in general. Similarly, the amount of shallow knowledge given by these 

TIs during the office hours represented a smaller proportion of the overall monologic 

discourse in general. Table 4.4 lists the changes in overall percentage of discourse 

between the two observations. 

Reflections 

For the sake of brevity, the remainder of the TIs’ reflection excerpts can be found in 

the Supporting Information (Boxes 4.3.1-4.6.2). The same reflection prompts were 

selected for each of the TIs’ first semesters, but their final semester only investigates 

their reflections from every 5 weeks. Noureen began the TI program in a separate year 

and thus her reflection prompts had slight variations.  

From the beginning, a common theme throughout Noureen’s reflections is student 

engagement, as she stresses the importance of conversing with students versus “talking 

at them” (Box 4.3.1, Supporting Information). She writes that her aim is to be 

encouraging with students and to help them to feel comfortable with her. Although 

Noureen’s first observation did include nearly 50% monologic discourse, in the end of 

her first semester, she writes that she is “better at leading a student to an answer” as 

opposed to “going straight to explaining the answer.” Her goal of wanting to be 

encouraging is echoed in her first reflection of the second semester, in which she 

characterizes her students as her peers, rather than her students or tutees. Throughout 

her second semester as a TI (Box 4.3.2), she discusses her learning sessions as more 

student-centered, where she states that she asks follow-up questions, gives students 

space to express their thought processes, and enthusiastically awaits their “Aha!” 
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moments. These descriptions were more aligned with the discourse results from her 

second observation. Like Charlie and Theo, the words she uses to describe her teaching 

do not change significantly from one semester to the next; however, she is still able to 

recognize the changes in her teaching methods, which become more aligned with her 

beliefs over time. 

Vidya’s first observation (Box 4.4.1) stood out initially due to the large amount of 

time spent solving a problem on her own, without student interaction. In her reflection, 

Vidya discusses this situation somewhat, stating that it was a challenging problem and 

that she wishes she had taken her own chemistry notes to the office hour as a 

reference. Like Charlie, Vidya uses the word “guide” to explain her teaching strategy 

and says it can be just “giving them a simple hint.” However, this does stand in contrast 

with her first observed office hour. Moving to her second semester, she expresses 

satisfaction in that her students were able to come up with answers on their own when 

she was offering minimal guidance, but she goes on to say that she still reverts to 

monologic discourse for students who do not have firm conceptual foundations. While 

she does state that her approach could have been different, it is noteworthy that she is 

able to differentiate the two scenarios and likely contributes to the more equitable share 

of dialogic and monologic discourse that was observed. Further, as Wells and Arauz127 

write, the goal is not to classify one form of discourse as good and the other as bad, but 

to acknowledge the purpose and value of both.  

Eleanor and Nian – 2 Years 

Observations 

Both Eleanor and Nian were enrolled in the Pedagogy Course during the semester of 

their first observation. Eleanor’s first session began with the largest amount of student 

dialogue of all of the TIs, though her dialogic discourse was less than average (Figure 

4.4). Her monologic discourse was similar to most of the other TIs aside from the fact 

that she was coded as providing deep knowledge relatively more often. Nian began with 
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an average amount of student dialogue in his first office hour, although like Eleanor, he 

utilized lower-than-average levels of dialogic discourse.  

 

Figure 4.4.  A comparison of the type of discourse in Eleanor’s (top) and Nian’s (bottom) office hours. The pie charts on 
the left represent the first observation, while the pie charts on the right represent the second observation after 2 academic 
years (4 semesters). 

Table 4.5. Change in TI Discourse (Two Years)  

 Δ% of Total Discourse* 

Discourse Eleanor Nian 

Dialogic 9.7 22.4 

Monologic -33.8 -49 

Student 27.5 30.7 

None -3.4 -4.1 

*Change in percentage of total discourse from the 1st 
observation to the 2nd observation (i.e., post-pre) 

 

Over two years in the program, this duo was found to have the largest proportions of 

student dialogue during their final office hours, as well as the lowest proportions of 

monologic discourse. Whereas Eleanor mainly used this monologic discourse as an 

opportunity to provide common ground, Nian instead primarily communicated deep 

knowledge through behaviors such as demonstrating reasoning. Both had improved in 
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their ability to execute dialogic discourse at a deeper knowledge level, like Vidya and 

Noureen, which may have contributed to the increased student participation. Table 4.5 

provides the changes in overall percentage between the two observations. 

Reflections 

Eleanor and Nian’s reflection excerpts can be found in the Supporting Information 

under Boxes 4.5 and 4.6, respectively. Eleanor states that she has had prior tutoring 

experience, which informs some of her beliefs and her self-efficacy about teaching from 

the very beginning. Following her first observation, she appears to be cognizant of the 

amount of explaining she felt she was doing and states that she would like to move 

toward more “discussing.” She attributes this difficulty to the student’s lack of prior 

knowledge, but aims to learn how to improve her questioning abilities to remedy this. 

After one semester, Eleanor reflects on the fact that she now teaches less, in the sense 

that she asks more questions and gets the students to develop their own learning. 

Ironically, after her final observation in her second year as a TI, Eleanor write that she 

is still frustrated with her ability to engage students and her tendency to “lecture 

instead of encouraging students to explain their understanding.” In fact, this was 

something she expressed multiple times throughout her second year’s reflections (Week 

5, Week 10). Despite her clear decline in monologic discourse, and the fact that her 

observation was the most student-centered of all the TIs, she was still very much aware 

of her monologic discourse. One possibility is that as Eleanor gained teaching 

experience and pedagogical knowledge, she became better-equipped in her self-

monitoring skills and ability to judge her own learning sessions. That is, the more she 

learned, the better she became at identifying her faults. 

In Nian’s first reflection, discussing his general views on teaching, he writes that he 

enjoys “teaching and explaining so others learn and do not simply get questions right.” 

(Box 4.6.1) However, he goes on to say that this task requires him to “think from 

different perspectives as well.” While his satisfaction from explaining may help to 

explain the majority of monologic discourse from his first observation, he seemingly 
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acknowledges student differences and the need to understand knowledge in different 

ways. This was a subtle difference from Theo and Charlie, who both expressed wanting 

to transmit their specific way of thinking to their students. Nian’s aim to be open-

minded remained a common theme throughout his first semester of reflection, stating 

that he also wants his students to consider multiple perspectives (Week 8) and that he 

learned to adapt his teaching based on his previous experiences (Week 14). This carried 

over to his last semester (Week 1) as well. As a second-year TI, Nian also acknowledges 

his shift towards student-centered learning (Weeks 10, 15) and even uses the phrase 

“we were able to work through it,” a sentiment of solidarity also previously shared by 

Noureen and Charlie. Like Eleanor, even in light of his improvement, he still discusses 

changes that he could implement to improve as a TI.  

Cross-Cutting Trends 

Direction of Discourse 

The previous sections of this work describe the manner in which TI-student 

discourse evolves over time.  At the time of their first observations, all six TIs in this 

study were second-year science majors (3 pharmacy majors, 3 life science majors) and 

had not previously been TIs, nor had they reported any sort of formal pedagogical 

training when applying for the program. Still, this does not preclude individual 

differences in the data from their first observations. Each TI enters the program with 

their own beliefs about teaching and learning, shaped largely by their individual 

experiences with 12+ years of formal education, and they undoubtedly have variations 

in their communication skills and confidence levels. For this reason, caution should be 

exercised when interpreting results in order to avoid over-generalizations. Instead, the 

results presented here can be considered holistically, through comparisons across 

multiple sources of data, as well as between cases, in order to construct a more 

complete story. 

Figure 4.5 summarizes the progression of all six TIs over time with regards to the 

first measured dimension of discourse, the direction of information. Generally speaking, 
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a pattern emerges for all four categories as the TIs gain experience: increases in dialogic 

discourse (minus Noureen) and student dialogue/actions, with decreases in monologic 

discourse and noninteractive time. For all of the TIs, monologic discourse comprised the 

large block of time in their first observation, while dialogic discourse and student 

dialogue/actions were nearly equal in the first observation for all TIs except for Eleanor 

and Nian. Monologic discourse and student dialogue generally saw the largest shifts 

across all of the TIs.  

 

Figure 4.5.  A summary of the changes in discourse between TIs and General Chemistry students, classified as dialogic, 
monologic, student dialogue/actions, or noninteractive. Open circles correspond to the percentage of total discourse (by 
length of time) that was coded in the first observation, whereas the solid-colored squares represent analogous data from 
the second observation.  

Type and Depth of Discourse 

Figure 4.6 provides additional data as to how the two dimensions of discourse, type 

and depth of information, changed over the course of these observations. In this figure, 

the data points represent the differences in the relative contributions of each discourse 

type/depth between the TIs’ first and second observation. Specifically, the relative 

percentage of Knowledge-Deep, Knowledge-Shallow, and Common Ground was 

determined for both dialogic and monologic discourse. The difference between the 

relative percentages in the first and second observation is plotted on the graph. This 

method allowed for a comparison of these two dimensions across TIs, which may not 

have otherwise been possible if there were large differences in the total amounts of 
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monologic and dialogic discourse. Being that the three data points in each TI “column” 

represent a relative change, the sum of these data points is 0.  

Looking at these graphs, deep knowledge (triangles) saw the largest increase for all 

TIs in the dialogic category. Eleanor and Nian, the longest-serving TIs of the cohort, 

demonstrated the largest increases, while Theo and Charlie’s shifts are the smallest. 

Interestingly, the relative amount of dialogic common ground (circles) did not seem to 

change in any meaningful way, with the exception of Nian. For both dialogic and 

monologic categories, all six TIs saw a decrease in the relative amount of shallow 

knowledge (squares) communicated. For most TIs, under monologic discourse, a 

decrease in shallow knowledge was accompanied by increases in both common ground 

and deep knowledge. However, for Noureen and Eleanor, only common ground 

demonstrated a relative increase. In fact, Noureen and Eleanor exhibited remarkably 

similar profiles in both the dialogic and monologic categories in Figure 4.6. With that, 

there were no clear trends apparent with regards to the changes in the composition of 

monologic discourse as related to the TIs’ length in the program. Likewise, Theo, Nian, 

and Eleanor had each taken the Pedagogy Course as a part of the CCE program, though 

this factor also did not appear to contribute to any patterns seen in Figure 4.6. The full 

extent of the raw data can be found in Tables S3-S5 of the Supporting Information. 



78 

 

 

 

Figure 4.6. A summary of the changes in the type of information communicated by the TIs for both dialogic (left) and 
monologic (right) discourse. The amount in each of the three categories was calculated as a percentage of the total 
dialogic or monologic discourse. The graphed data here represents the difference in percent make-up between the first 
and second observation. For example, “Knowledge-Deep” constituted 78.2% of Nian’s Monologic Discourse in his second 
observation, but only 30.1% in his first observation, for an increase of 48.1 (as shown on the graph).  

Conclusions 
The discourse analysis of observational data in this paper provide evidence of 

considerable changes in the dialogue of the Teaching Interns during their office hours, 

even in as little as one semester, regardless of whether or not they had taken the 

Pedagogy Course. However, in their reflections, both PC and non-PC TIs explicitly cite 

the topics and skills that they gained through their respective forms training, indicating 

that they are essential components of the CCE and TI programs. The six TIs in this 

multi-case study began their role as a TI with similar beliefs and dialogue patterns. 

Potentially due to their prior success in the course, most of the TIs did indicate wanting 

their students to develop deeper understandings of the material, as opposed to using 

rote memorization. However, all six TIs primarily engaged in monologic discourse to 

convey knowledge to students, while any dialogic discourse mainly consisted of asking 

low-level recall questions. Further, several of the TIs used a measurable portion of the 

office hour to prepare or solve problems independently before engaging with their 

students, likely due to a lack of confidence or deficiency in their content knowledge.  
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Concerning the first research question, all six TIs demonstrated shifts in the overall 

direction of communication during their office hours. Perhaps the most obvious change 

is that of the student discourse and activity, which averaged approximately 22.5% of 

the total observation time in the first observation of the TIs and 48.3% at the second 

observation. The amount of dialogic discourse increased by nearly two-fold or more for 

all but one TI (Noureen), regardless of their length in the TI/CCE programs. Monologic 

discourse, however, did tend to slowly decline overall as TIs gained more experience, 

with the second-year TIs utilizing it the least. As far as the content of the dialogue 

(Research Question #2), the TIs generally shifted from low quality knowledge to high 

quality knowledge, both in their explanations and in their questioning. Further, the 

more experienced TIs asked higher-level questions at a greater rate. However, there 

were no clear trends with common ground questions in either the dialogic or monologic 

category.  

For the final research question, a look at TIs’ reflections over time was used to 

compare their perspectives on teaching with that which was observed. TIs in their first 

semester of teaching used similar language to describe their teaching strategies. Several 

used the word “guide” to describe their approach, indicating their desire to facilitate 

student learning. Several of the TIs specifically mentioned wanting to help their 

students to understand the material rather than memorize how to solve problems. 

However, monologic discourse made up an average of 50.5% of the time of their first 

observation, while dialogic discourse only constituted an average of 14.0%. Likewise, 

the majority of questions and explanations were of low-level knowledge, focusing on 

superficial features of a problem or topic rather than conceptual understanding and 

analysis. For these reasons, it appears that the TIs’ practical theories and espoused 

theories are incongruent when they begin the TI program. Even though they do hold 

fairly sound theories about learning, it is likely that they struggle with actually putting 

those ideas into practice. As Buitnik described, many new teachers focus on classroom 

management before they can shift their focus to student learning.131 While the TIs may 
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hold positive attitudes about learning prior to their first learning session, their lack of 

experience means they struggle more with logistics, such as time management (Charlie), 

dealing with multiple students (Noureen), and ensuring that they have the proper 

resources (Vidya). However, while the TIs espoused theories did not appear to change 

drastically, the TIs not only improved in their ability to engage the students and ask a 

wider range of questions, but they were also able to identify the specific changes in their 

teaching behaviors.  

Implications for Peer Instructor Training 
This research provides insight into how Teaching Interns in General Chemistry 

change their teaching behaviors over time and how they describe those changes. At 

least some of these changes can be attributed to the TIs’ weekly training, suggesting 

that perceive value in the weekly meetings and Pedagogy Course. From both the 

observations and their written reflections, the following suggestions are offered for 

future pedagogical training.  

The first is to explicitly remind peer instructors to allow a student more time to 

answer their questions. While transcribing observations, the TIs often would answer 

their own question immediately or in under two seconds. One possibility is that they 

feel as though their question was of unclear or of poor quality and they wanted to avoid 

furthering the student’s confusion. It is also possible that they simply feel 

uncomfortable sitting in silence so they fill the airwaves with the answer instead. It is 

worth noting that these two possibilities are not mutually exclusive. Peer instructors 

should not only be reminded of this fact, but they should also be given a chance to 

practice mitigating these issues during training. It may seem humorous at first, but 

affording them the opportunity to sit in silence for several seconds after asking a 

question may allow them to realize the silence is not as terrifying as they may have 

thought. 

A second recommendation is to discuss effective questioning, allowing peer 

instructors to create diverse questions and consider how to scaffold them. Bloom’s 
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taxonomy may be a helpful place to start, so that students can understand what is 

meant by “higher level questions.”135, 136 They should also consider the differences 

between open- and closed-questioning, and which question types are best for different 

scenarios. For example, closed recall questions may be most suitable to initially gauge a 

student’s prior knowledge. On the other hand, open-ended questions in which students 

are asked to compare two ideas or to make judgements about an answer are most 

productive once students have demonstrated a foundation of knowledge in order to 

build a deeper understanding. 

Limitations and Future Directions 
This study utilized two different forms of qualitative data collection to perform a 

multi-case study on the peer instructors within the Rutgers General Chemistry course 

sequence. The purpose of a case study is to allow researchers to narrow the number of 

participants in favor of conducting a deeper probe. However, it is recommended that 

follow-up studies are performed to examine the generalizability of the results. Likewise, 

interview data would be useful to not only further engage with the TIs about their 

beliefs and perceptions of their learning sessions, but they would also allow the 

researcher to understand the origin of the TIs’ beliefs and changes in behavior. 

Typically, course evaluations of the TI program and Pedagogy Course only ask TIs about 

their perceived helpfulness of topics. Whereas a combination of observations, 

reflections, and interview data would provide a more thorough sense of the methods 

and pedagogy topics most valuable for training future peer instructors. 
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Supporting Information for Chapter 4 

Sample Reflection Prompt 

Instructions: 

Each week, you will submit a post under "Forums" consisting of the following 3 parts (when 

applicable). Each part should be separated from the other part and clearly indicated (such as 
with a title of some sort).  

 

Part I. Learning Sessions: 

1. How did your learning sessions go this week?  

2. What was one specific thing you think could have gone better? 

 

Part II. Weekly Meeting: 

1. What was your main takeaway from the weekly meeting this past week? 

 

Part III. Miscellaneous Prompt 

1. How do you think students learn best?  
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Additional Data 

 

*Noureen had slightly different reflection prompts due to the semester she began 
 
  

Box 4.3.1: Reflection Passages from Noureen (Semester 1)* 

Week 1: I believe that when teaching, it is important to have a conversation with your students 
instead of talking at them. It is imperative to ask them how they feel about the material, if they 
have any questions, or simply their opinions on certain topics. In my opinion, teachers should 
be able to converse with students in order to make them feel comfortable with asking for help.   

Week 2 [1st Observation]: I conducted my office hours a little differently this week due to the 
surplus of students by encouraging them to help each other and doing most of the problems on 
the board in order to involve as many students as possible 

Week 5: One student that came to office hours was very enthusiastic about chemistry, asked 

a lot of questions, and was able to understand the concepts she was having difficulty with. 
Overall, I was able to converse with her as peers while helping her with some work. 

Week 8: This week, I feel like my office hours went very well. About three students showed up 
and we were all able to work together, use the blackboard, and teach one another the material 
instead of the usual "I have a homework question that I need specific help with." I felt as if we 
were all able to come together which made the office hours very effective.  

Week 14: After almost a semester of participating in the TI program, I feel like my teaching 
skills have grown tremendously. I am more aware of how to approach a student effectively by 
understanding their struggles. Most importantly, I am better at leading a student to an answer 
and building off their previous knowledge instead of going straight to explaining the answer.  
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Box 4.3.2: Reflection Passages from Noureen (Semester 2) 

Week 1: One strength I believe I have in regards to being a TI is treating the students as a peer 
instead of my tutee or student. I find it enjoyable to ask the students about their day and their 
comfort level in chemistry instead of spending my whole learning session lecturing at them. I 
think the students feel more comfortable and calm when the TI is able to relate to their struggles 

Week 5: Students sometimes just agree with my explanation when I don't think they 
understand what I am saying. I always try to ask them follow up questions so I can assess if I 
am actually making sense to them 

Week 10: When I was first a TI, I found myself always wanting to explain the concept if a 
student did not understand or had trouble. But now, I find it more effective to let them fully 
explain something [their way] and try to let them pinpoint where they went wrong instead of 
intervening in the beginning. By talking out loud and explaining to me their thought process, 

students are often able to correct themselves and I believe it is more effective that way. 

Week 14 [2nd Observation]: My office hours went well this week…we were able to work on 
last year's exam and work out problems on the whiteboard. I feel like I am doing a good job 
with a student when they have an "Aha!" moment...It is an amazing feeling when you see a 
student connect the dots and understand a difficult topic. 
 
[On changes they’ve noticed in themselves]: When I was new to the TI program, I was less 
confident in my teaching ability and felt like I was doing something wrong. Now, I am more 
confident in my learning sessions and I understand what I need to do in order to help my 
students. Overall, I think I have made a lot of improvement. I think my confidence level has 
skyrocketed since the beginning as I feel more familiar with teaching, articulating my thoughts, 
and just simply communicating with students. 
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Box 4.1: Reflection Passages from Vidya (Semester 1) 

Week 1: My teaching philosophy would be to guide the student only until a point where they 
can figure what is asked in the question. It is just like giving them a simple hint.  

Week 2 [1st Observation]: Although there was one challenging question that took up a lot of 
time, I did explain the steps to follow but did not reach the answer, so the next TI came and I 
told her what I think we should do…Overall it went well, and we figured out the problem as 
well…I think I should have taken my old notes with me, which would be helpful to refer to. 

Week 5: My office hours went well. I enjoyed helping them and most of them were able to come 
up with the solution if a hint was given… There were students who did not know how to do the 
problems at all, so I tried getting it out of them but there was no point as they did not have a 
solid understanding of the concept. So I did tell them how to do it, but instead I could have 
explained the concept and then asked them to solve on their own.  

Week 8: [From observing other TIs] I think it is definitely a great idea to let the students come 
up to the board and do the problems. I would implement that in my office hours.  

Week 11: [On what a successful office hour looks like] A successful learning session involves 
minimal talking on part of the TI and a lot of thinking, talking and working in groups on part of 
the students. The TI's role involves listening to what the student is saying and making sure it 
is right and when necessary to correct them and give the right concepts. 

Week 14: My first semester being a TI has been very eventful. I got to learn a great deal from 
the students and TIs I worked with. There have been many instances when a student 
understands a concept only because a TI or a friend explains it to them and that has happened 
a lot with me. I get a number of students who seem very confused about a topic and I try to 
explain it to them and give examples. That is when they go like 'ahh, that makes so much more 
sense'. It really makes me happy when they are able to follow what I say and then work from 

there.  

[On changes they’ve noticed in themselves]: I got to learn a lot about effective teaching which I 
did not know a great deal about before I was a TI.  Being enthusiastic about what I teach, trying 
to truly connect with students on the basis of what they know in chemistry and being confident 
and friendly are some of the many things I got to learn this semester.  
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Box 4.2: Reflection Passages from Vidya (Semester 2) 

Week 1: I think really getting a sense of where the student stands in understanding the 
concepts and then taking from there will help me become a good TI. Also helping the students 
work through the problem and clearing their doubts are also some other factors. 

Week 5: My office hours went well. I enjoyed helping them and most of them were able to come 
up with the solution if a hint was given… There were students who did not know how to do the 
problems at all, so I tried getting it out of them but there was no point as they did not have a 
solid understanding of the concept. So I did tell them how to do it, but instead I could have 
explained the concept and then asked them to solve on their own.  

Week 10: In office hours, if a student has already done a problem I would let them explain it to 
the student who has trouble doing that problem. I do think I have been encouraging students to 

work in groups or through discussions since it the best way of learning.  

Week 15 [2nd Observation]: Office hours went well. There were a lot of students this time. 
Most of them were preparing for their exam. Since it took me time to reach to every student 
because there were a lot of them, I saw there were many who started working in groups and 
helping each other, which was nice.  

[On changes they’ve noticed in themselves]: There was something to learn from every meeting 
and it all went towards becoming a better TI, instructor and mentor. For me practice office hours 
were the most memorable. Though they were very anxiety causing I got to learn a lot by just 
looking at how others taught and also got to learn from my as well as others mistakes. To be 
able to recognize where the student stands in his/her understanding of the subject and finding 
common grounds to talk about it is one of the most important things that I have learned as a TI.  
I have been able to incorporate many of the things that we have discussed through the weeks 

and have seen myself grow as a TI since the beginning. 
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Box 4.5.1: Reflection Passages from Eleanor (Semester 1) 

Week 1: [In prior tutoring experiences] I find myself having difficulty explaining concepts that 
make sense in my head, because I fail to realize that everyone learns and understands concepts 
in different ways. In addition, I tend to keep my thoughts to myself when working through 
problems, so I need to be able to verbalize these thoughts in order to become an effective tutor. 

Week 2 [1st Observation]: We approached the problem step-by-step, and the student was able 
to grasp onto the importance of writing down every step with units to prevent calculation errors. 
The one thing I wish I had done differently was to do less explaining and more discussing. 
When I tried asking the student what she thought the next step in the problem would be, she 
could not give me an answer. In this week’s learning session, I hope to be able to ask more 
specific questions that will encourage discussion instead of lecturing. 

Week 5: I felt that I could answer most of the questions he had and cleared up his confusion 

with most concepts. However... I hope to improve my ability to clearly explain concepts to others. 

Week 8: [From observing other TIs] I still find myself to be much more univocal than dialogic 
in my teaching approach. I remind myself that I need to ask more questions, but I’ve found that 
it’s quite difficult to change old habits. 

Week 11: [On what a successful office hour looks like] A successful learning session is one in 
which the TI and students are carrying out dialogic discourse. In other words, the TI should not 
be lecturing, unless the student demonstrates no basic understanding of the concept. This type 
of foundation is necessary for students to work on problems together and ask the TI questions, 
which the TI can respond to with concise explanations, visual representations, practice 
problems, and more questions for the students. 

Week 14: The biggest change I’ve noticed about my teaching is, ironically, that I do not teach 
as much as I used to. In other words, I tend to ask more questions to students in a way that 

pushes them to learn concepts on their own. However, I would like to improve my ability to work 
with a large group of students at once.  

[On changes they’ve noticed in themselves]: I think one of the biggest changes I’ve noticed 
about myself is that I’ve gotten better at putting my thoughts into words through this experience. 
It always feels great when I see students grasping concepts of confusion or when they say 
things like “You made that much easier than I thought it was.” 
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Box 4.5.2: Reflection Passages from Eleanor (Semester 4) 

Week 1: I would like to learn how to accurately gauge a student's knowledge level or 
understanding of a topic.  

Week 5: As a TI, I rarely ask questions that make students really think about why something 
is the way it is. In this way, I tend to stay at the lower levels of Bloom's taxonomy. This may 
be because some concepts are too complex to explain that I resort to rote memorization.  

Week 10: My office hour this week went well. Students had the most trouble with drawing 
Lewis structures and organic chemistry naming. Something I still struggle to do is avoid 
lecturing students. When students ask me questions about general topics, I find myself trying 
to teach instead of facilitating learning.  

Week 15 [2nd Observation]: I tried to get students involved by having them answer questions 

and write things on the board every few minutes. I still struggle with being engaging with 
students when they ask me to explain general concepts. In these situations, I tend to lecture 
instead of encouraging students to explain their understanding. 

[On changes they’ve noticed in themselves]: I feel that I have learned how to approach 
problems that I do not immediately know how to solve and work through them with students 
in a much more calm manner than before. I’ve learned that it’s okay to make mistakes in front 
of students. 
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Box 4.6.1: Reflection Passages from Nian (Semester 1) 

Week 1: I like teaching and explaining so others learn and do not simply get questions right; 
this requires me to think from different perspectives as well. 

Week 2 [1st Observation]: I worked with [a student] on stoichiometry conversions and was 
able to provide a lot of tips on how I used to solve the problems. The student was on the right 
track and I was able to guide him to the finish line with a little bit of help here and there. 
Although I thought it went very well, I wish I  had given the student had more complex problems 
because he had a decent understanding. 

Week 5: My learning sessions this week went well. All three students were doing well and I 
only had to assist them a little bit. Although I had to guide them in the right direction every now 
and then, the students were confident in their work. Since it was the day before the exam, I 
also gave them a few tips for their first ever chemistry exam at Rutgers. 

Week 8: [From observing other TIs] I would have students approach questions from different 
perspectives and have them explain to each other their problem solving strategies. 

Week 11: [On what a successful office hour looks like] In my opinion, a good TI is one that is 
very approachable and willing to help students understand, not memorize. This TI would be 
very active with the students, making sure they are on the right track and providing help as 
necessary. A proper office hour should be one in which the TI is engaging with the students, 
having the students actively work together building off each other’s ideas, and motivating 
students to learn. The TI needs to be prepared and enthusiastic about helping students. 

Week 14: Over the weeks, I adapt to how I prepare for my sessions depending on the previous 
weeks, and still it is difficult to always be 100%. Additionally, after working with so many 
students, I feel that I improved my communication skills…The weekly meetings stressed the 
importance of engaged learning and in my teaching, I try to ask a lot of questions and have 

students make connections for themselves. To further improve myself, I would like to 
understand other teaching styles and methods that can work well in an office hour scenario 
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Box 4.6.2: Reflection Passages from Nian (Semester 4) 

Week 1: I feel very comfortable being in the environment, and even more so, I feel good about 
the material. My own teaching beliefs align with helping the student thoroughly understand the 
material and be able to apply it, while also being able to think about the material in many 
different dimensions. To learn something the right away is not to memorize, but it is to master 
the topic and be able to think about it in abstract ways that forces the student to really ask 
questions that further their knowledge. 

Week 5: One thing that always gives me trouble is when students come who are unmotivated 
to even attempt the questions. The student simply sit there and waits…I am always unsure 
how to deal with this situation, because there is always more to the story than the student 
being unmotivated. It could be a knowledge issue, a group issue, or simply the student being 
afraid to ask questions 

Week 10: My learning sessions this week went well, I had a few students come in and ask 
questions about the homework. I was able to guide the students and then have them complete 
the majority of the questions on their own, which was nice. 

Week 15 [2nd Observation]: I had students who asked about the Born Haber type problems, 
a bit on the tricky side, but we were able to work through it. Something I know I should be 
implementing is having the students use the whiteboard and explain their problem-solving 
methods to me. I do this at times, but in some situations, such as my past office hour, the 
students really are at a blank. 

[On changes they’ve noticed in themselves]: Since I began the program my ideas have changed 
in many ways. I realized that all students really are different and a hundred different studying 
styles can yield similar results…I also learned that the “smartest” of students are not always 
the ones that get A’s, many times I have seen students do extremely well on practice in learning 
sessions, but so many more factors come into play on test day. 
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Table 4.S1. Coding Scheme and Discourse Categorization 

   Code Example 

D
ia

lo
g
ic

 K
n

o
w

le
d
g
e
 

D
e
e
p
 

TI Asks Question (High Level) Do you think this seems like a reasonable number? 

TI Directs Student to Solve 
Problem 

So try it and tell me what you get 

TI Gives Student Problem to 
Solve (Independently) 

Why don’t you take a look at the next one, and then I’ll come back in a few minutes 

TI Directs Student to Summarize 

Problem or Solution 

Okay, so what have we determined already?  

So what is the problem asking? 

TI Directs Student to Explain 
Work 

Tell me what you did so far. 

S
h

a
ll
o
w

 

TI Asks Question (Low Level) First, do you think q is positive or negative? 

TI Directs Procedure for Student 
(Without Solving/Giving Answer) 

So why don’t you first try balancing the equation and tell me what you get? 

TI Provides Hint Remember the rules about naming transition metals… 

TI Directs Students Attention For this equation, why not take a look at the formula sheet? 

TI Prompts Student to 
Reconsider Answer 

Well… why don’t you try counting that again? 

C
o
m

m
o
n

  

G
ro

u
n

d
 

TI Asks Student Initiating 
Question (Non-Content) 

What are you currently working on? 

TI Asks for Clarification to 
Ensure Understanding 

This number you wrote, what does that refer to? 

TI Asks Student if They 
Understand Prior Discussion 

So does that make sense to you? 

M
o
n

o
lo

g
ic

 

K
n

o
w

le
d
g
e
 D

e
e
p
 

TI Provides Advice in Chemistry Always keep track of your units for these types of problems 

TI Provides Advice in Course You should print the exam formula sheet out and use it with your homework so you get 
used to what’s on it 

TI Provides General Advice I would try to keep all of my notes and textbooks just for studying the MCAT 

TI Demonstrates Problem-
Solving With Reasoning 

If it was the same amount, we could just try canceling out both sides, but since they’re not 
the same, just subtract the 3 from the 2.  

TI Explains Chemistry Concepts 
With Reasoning 

Well I knew it couldn’t be a zero-order reaction because the units didn’t match up 
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TI Provides General Plan for 
Solving (Non-specific) 

Okay so basically, we’re going to have to find out which reactant is limiting, and then use 
that as the starting amount to calculate the percent yield.  

S
h

a
ll
o
w

 

TI Explains Chemistry Concepts 
(No Reasoning) 

According to kinetic molecular theory, the size of the particle won’t matter.  

TI Explains Procedure (With 
Solving/Giving Answer) 

So to balance it, put a 10 on this side, and a 5 over here.  

TI Asks a Question with the 
Answer 

We know this is going to be positive, right? 

TI Solves Problem for Student 

Aloud 

Okay so first let’s cross this out [TI is writing] 

TI Asks Rhetorical Sense 
Question/Filler 

We already said why this happens so this makes sense right? 

TI Summarizes Problem for 
Student 

By excess, they mean the amount left over 

C
o
m

m
o
n

 G
ro

u
n

d
 

TI Looks for Resources for 
Student 

[TI is searching for a section in the textbook for the student] 

TI Checks Student Work [TI checks students work] 

TI Narrates as Student Works [While student is writing] Yeah, so then we put the 2 in front of the O2 

TI Reads Problem Aloud for 
Student 

[TI reading problem text] 

TI Summarizes Their Finished 
Work 

So, we said this one would be oxidized and we used the table to find the standard 
potentials, and then we subtracted them.  

TI Provides Constructive 
Feedback 

You forgot to take into account the number of moles of sulfate 

TI Provides Positive Feedback Yes, you balanced that perfectly! 

TI Confirms Student Response  Yes/No 

Non-
interactive 

TI Reads Textbook/Notes Quietly [TI reading to gain knowledge/understanding] 

TI Thinks Quietly* [TI thinking quietly to self] 

TI Uses Calculator/Solves 

Problem Quietly 
[TI using calculator to solve problem without showing student procedure] 

Student Student Student asks question, gives response 

*Coded at more than 3 seconds 
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Table 4.S2. Example of Each Question Type 

Question Type* Example 

Low Level 

Verification Do you need the mass of the electron? 

Disjunctive Will it be grams or kilograms? 

Concept completion What’s the equation to relate wavelength and frequency? 

Feature specification What column is calcium in? 

Quantification What’s the formal charge on the nitrogen? 

Definition What is the Heisenberg Uncertainty Principle? 

High Level 

Example Can you give me an example of an ionic compound? 

Comparison What’s the difference between  

Interpretation So what does that [shape of the curve on a graph] mean? 

Causal antecedent What caused this to precipitate out? 

Causal consequence 

So if you increase the mass of the object, what’s going to happen to the 
deBroglie wavelength? 

Goal orientation Why did you think it was better to put the neg charge on either of these? 

Instrumental/procedural How do you think we could maybe balance this? 

Enablement So what will help us determine the order of this reaction? 

Expectation N/A (none coded at this question type) 

Judgmental So do you think that answer sounds reasonable? 
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 Table 4.S3. Percentage of Each Discourse Category Per TI Observation 

TI Theo Charlie Noureen Vidya Eleanor Nian 

Observation 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Dialogic – Knowledge (Deep) 3.1 6.4 4.0 11.9 3.6 7.7 2.1 14.9 0.7 7.4 2.0 17.9 

Dialogic – Knowledge (Shallow) 9.1 15.4 12.2 16.9 16.2 6.6 6.6 13.5 8.6 9.4 3.6 10.3 

Dialogic – Common Ground 2.4 4.3 0.8 1.1 3.2 4.1 0.8 3.0 2.1 4.3 2.7 2.6 

Dialogic – Total 14.6 26.1 17.1 29.9 23.0 18.3 9.6 31.4 11.4 21.1 8.4 30.8 

Monologic – Knowledge (Deep) 10.0 12.7 2.1 6.5 28.1 11.6 0.5 10.3 15.0 2.7 18.5 9.8 

Monologic – Knowledge (Shallow) 36.4 8.6 35.6 10.4 12.6 0.8 35.9 5.9 24.6 4.5 41.1 1.8 

Monologic – Common Ground 5.5 6.5 16.4 13.9 7.0 13.9 0.8 7.7 10.9 9.4 1.8 0.9 

Monologic - Total 52.0 27.8 54.1 30.8 47.6 26.3 37.2 23.9 50.5 16.7 61.4 12.5 

Student Dialogue/Activity 17.5 43.4 19.7 39.3 22.2 52.8 16.6 37.2 34.2 61.7 24.9 55.7 

Noninteractive 15.9 2.7 9.2 0.0 7.1 2.6 36.5 7.6 3.9 0.5 5.2 1.1 

 

 

Table 4.S4. Relative Percentage of Each Information Sub-Type 

TI Theo Charlie Noureen Vidya Eleanor Nian 

Observation 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Dialogic – Knowledge (Deep) 21.2 24.5 23.4 39.8 15.7 42.1 21.9 47.5 6.1 35.1 23.8 58.1 

Dialogic – Knowledge (Shallow) 62.3 59.0 71.3 56.5 70.4 36.1 68.8 43.0 75.4 44.5 42.9 33.4 

Dialogic – Common Ground 16.4 16.5 4.7 3.7 13.9 22.4 8.3 9.6 18.4 20.4 32.1 8.4 

Dialogic – Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 

Monologic – Knowledge (Deep) 19.2 45.7 3.9 21.2 59.0 44.1 1.3 43.1 29.7 16.2 30.1 78.4 

Monologic – Knowledge (Shallow) 70.0 30.9 65.8 33.9 26.5 3.0 96.5 24.7 48.7 26.9 66.9 14.4 

Monologic – Common Ground 10.6 23.4 30.3 45.3 14.7 52.9 2.2 32.2 21.6 56.3 2.9 7.2 

Monologic - Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
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Table 4.S5. Number of Each Question Asked by TI (First and Second Observations) 

TI Theo Charlie Noureen Vidya Eleanor Nian 

Observation 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Low Level Questions             

Verification 0 1 1 3 3 0 0 2 0 0 0 0 

Disjunctive 0 0 1 3 2 0 0 1 1 2 0 2 

Concept completion 9 0 3 9 6 0 1 2 1 1 3 5 

Feature specification 1 12 3 1 2 0 1 1 6 3 2 1 

Quantification 0 5 1 0 0 10 0 0 1 0 0 0 

Definition 0 0 3 0 2 0 0 2 1 0 0 1 

SUM 10 18 9 16 15 10 2 8 9 6 5 9 

High Level Questions             

Example 0 1 0 0 0 0 0 0 0 0 0 1 

Comparison 0 2 0 1 0 0 0 1 0 0 0 2 

Interpretation 0 3 1 2 0 0 0 2 0 3 0 2 

Causal antecedent 0 0 0 0 0 0 0 0 0 0 0 2 

Causal consequence 2 1 0 3 1 1 1 3 0 4 0 4 

Goal orientation 0 0 0 4 0 3 0 2 0 1 0 1 

Instrumental/procedural 0 0 2 0 2 7 0 2 0 0 1 1 

Enablement 1 1 2 2 0 0 0 0 0 0 0 1 

Expectation 0 0 0 0 0 0 0 0 0 0 0 0 

Judgmental 0 1 0 1 0 0 0 0 0 0 0 0 

SUM 3 9 5 13 3 11 1 10 0 8 1 14 

Total Questions 13 27 14 29 18 21 3 18 9 14 6 23 
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Chapter 5 | Beneath the Surface: An Investigation of 
General Chemistry Students’ Study Skills to Predict 
Course Outcomes 

Abstract 
As the conversation in higher education shifts from diversity to inclusion, the attrition 

rates of students in the STEM fields continues to be a point of discussion. Combined 

with the demand for expansion in the STEM workforce, various retention reforms have 

been proposed, implemented, and in some cases integrated into policy following 

evidence of success. Still, new findings, technological advances, and socio-cultural 

shifts inevitably necessitate an on-going investigation as to how students approach 

learning.  Among other factors, students who enter college without effective study skills 

are at much greater risk of being unsuccessful in their coursework.   In order to 

construct an equitable learning environment, a mechanism must be developed to 

provide underprepared students with access to resources or interventions designed to 

refine the skills they need to be successful in the course. Early, reliable assessments 

can provide predictions of individual student outcomes in order to guide the 

development and implementation of such targeted interventions. In the present study, a 

model is developed to predict students’ odds of success based their study approaches, 

as measured by their responses to twelve survey items from a previously-validated 

instrument designed to measure students’ deep and surface learning approaches. The 

model’s prediction specificity ranges from 66.5% to 86.9% by semester. Two distinct 

sets of lower-performing students are identified in the data: those who align 

predominantly with surface approaches to learning versus those who indicate using 

both deep and surface approaches to learning. This supports the idea of a tailored 

approach to interventions, rather than a one-size-fits-all solution. Results from this 

instrument were correlated to students’ reported study methods and beliefs, adding to 

the validity of the instrument. 
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Introduction 
Educators and researchers alike have sought to ameliorate the attrition rates and 

“weed out” connotation of the STEM gateway (or gatekeeping) courses. Potential 

solutions to these problems have included placement exams and/or remedial 

coursework; however, these measures may introduce financial burdens, time 

constraints, and other barriers that disproportionately impact students of non-

traditional or marginalized status. Instead, the present study looks at the use of a 

previously-validated and reliable survey instrument, the Modified Approaches and 

Study Skills Inventory (M-ASSIST),137 to make predictions about students’ course 

outcomes. The items from this instrument target students’ study approaches, 

classifying them as deep or surface approaches. Combined with data collected on 

students’ specific learning and study methods (e.g., attending lecture, reading the 

textbook), this research provides an imperfect but significant measurement of student 

outcomes. Such an instrument has the potential to provide instructors with the 

information needed to identify the distinct skills or approaches that at-risk students 

lack, rendering a more tailored approach to intervention possible.  

The following section will provide a background on some of the current practices in 

approaching the attrition problem, as well as previous efforts that have been taken to 

predict student outcomes and define deep and surface learning. A description of the 

setting for this study and the guiding research questions and methods will follow. 

Results are separated by research question, and a discussion section addresses the 

ways that these key findings are situated in the current literature. We conclude with a 

few general takeaways and implications for practitioners, along with an 

acknowledgement of limitations and future points of interest.  

Background 

Placement, Interventions, and Equity 

In the education literature, the term “placement,” usually refers to the directing of 

students into a pre-requisite138-142 or co-requisite course143-145 course that is deemed 
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commensurate to their level of preparedness. Such placements have produced mixed 

results in the literature. While an online preparatory course at UC-Davis benefited 

underprepared students,142 a multi-year study of another preparatory chemistry course 

at Texas Tech University concluded that the remediation provided “little or no 

significant academic benefit.”138 “Intervention,” on the other hand, typically refers to 

ancillary programs or activities within a course that aim to improve student outcomes 

with respect to specific course content (e.g. acids and bases146), skills (e.g. language 

comprehension147), or beliefs (e.g. growth mindset148). Benefits of early interventions in 

the classroom have been well-documented in first-year STEM courses. 

The present study looks at students in the General Chemistry course sequence 

(GC1 and GC2) at Rutgers University, in which approximately one-quarter of the 

students earn grades of a D or F in the class (excluding students who withdraw). 

Students who do not perform well on the first exam in GC1 are strongly encouraged to 

switch into the Chemistry Preparatory (ChemPrep) course for the remainder of the 

semester. These students do not receive a “W” on their transcript for GC1 and they 

begin with a “clean slate” (grade-wise) in the new course. Mills et al. describe a similar 

system after finding a high correlation with first exam performance and course 

grades.149 While ChemPrep has anecdotal accounts of success, it is not without 

limitations. Not all students’ schedules can accommodate a mid-semester swap, which 

also places students at least one semester behind with few options for recovery. 

Summer coursework can prove impossible for students who do not live nearby, lack the 

financial means, or who must spend this time working or tending to family.  

Alternatively, waiting until the fall postpones enrollment in subsequent courses such as 

Organic Chemistry, potentially delaying graduation and proving a financial burden. 

While placements ensure that students do not become overwhelmed by material 

they are unprepared for, the very act of placement is inherently inequitable to students 

with financial insecurity, disabilities, and who are part of marginalized communities. 

These students already face significant barriers when entering these academic spaces 
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and leave at higher rates.150 By identifying predictive factors of success, researchers 

and practitioners can work toward early, concurrent intervention where the goal is to 

retain students via a personalized approach, as opposed to placement. 

Predicting Success 

Many studies have quantified students’ odds for success and persistence in higher 

education. In the STEM education literature, factors linked to student outcomes include 

SAT scores,151-153  GPA,113, 152, 154 demographics,113, 152, 153, 155 and self-efficacy.99 

Content-based assessments such as the California Chemistry Diagnostic Exam156 or the 

Toledo Chemistry Placement Exam157 have used students incoming content knowledge 

to predict outcomes. Not only have these efforts provided valuable information about a 

student’s likelihood of success in courses, but they have informed teaching practices 

and highlighted issues of equity in the classroom.  

 Another area of interest in terms of course outcomes is students’ choice of study 

methods and the specific ways they employ these methods. In one investigation, Ye et 

al. used text messages to collect data on the types of study materials and frequency of 

use in a General Chemistry course.158 In addition to linking study methods to 

outcomes, the authors found evidence that students changed their study methods over 

time, positing that recent exam content may have been the cause. In a second study by 

Ye et al., qualitative analysis suggested that the quality of studying was linked to at-risk 

students’ course outcomes.151 For example, several students reported studying with 

friends, but while some saw this as an opportunity to learn through teaching their 

peers (“deep approach”), another stated that they relied on their peers to help them or 

provide answers (“surface approach”). The current study uses some metrics to quantify 

the quality of studying and draws upon a similar deep/surface dichotomy, for the 

purpose of developing a predictive model of student success. 

Deep and Surface Learning 

The Approaches and Study Skills Inventory for Students (ASSIST) was developed by 

Tait et al. in 1997 and assesses students on their ideas about learning, study habits, 



100 

 

 

and teaching preferences. classifying them as deep, strategic, or surface learners.159, 160 

A shortened, modified version of this instrument, the M-ASSIST, was constructed by 

Bunce et al, in 2017 and examined deep and surface study approaches of General 

Chemistry students at the United States Naval Academy.137 The authors define deep 

learners as those who purposefully attempt to connect new knowledge to that which 

they already know using the underlying concepts. In contrast, surface learners 

approach new knowledge in an algorithmic fashion, looking predominantly at the 

surface features of a problem and relying on rote memorization. The results showed 

that student success was positively correlated with deep study approaches and 

negatively correlated to surface study approaches. 

In the present study, an investigation of such deep and surface learning approaches 

is used to construct a predictive model for student outcomes in General Chemistry. 

Identifying at-risk students early in the course may facilitate intervention over 

placement, while knowledge gained about students’ learning approaches and habits 

may prove useful to instructors in determining the type of intervention needed for 

different students.  

Research Questions 
The first goal for the present study was to determine if the results from the M-

ASSIST study could be replicated with a new population. Specifically, the M-ASSIST 

was examined as a potential predictive tool to identify at-risk students early on in the 

course. Further relating these deep and surface study approaches to specific habits (e.g. 

reading the textbook) may provide tangible advice or intervention strategies for these 

students. The research questions (RQs) pertinent to this study are as follows: 

• To what extent can students’ deep and/or surface approach(es) to studying, 

combined with demographic information, predict student success in general 

chemistry at a large, diverse, research-intensive institution? 

• How do students’ study habits correlate with their deep and surface study 

approaches as measured by the M-ASSIST? 
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Setting 

Population and Course Structure 

The General Chemistry courses at Rutgers consist of large-enrollment lectures and 

weekly online, synchronous recitations that focus on problem-solving for topics covered 

during previous lectures. Weekly homework is provided online via an in-house program 

with a combination of static and dynamic content and students take three common-

hour midterm exams, with both multiple-choice and open-ended components. The final 

exam consists of the most recent multiple-choice single-semester ACS exam plus five 

two-part open-ended questions. Teaching interns (TIs) hold supplemental instruction 

sessions, including workshops, office hours, and review session.  

Table 5.1. Demographic Data for General Chemistry I (Fall 2018), N=1,455 

Demographic Category %  Demographic Category % 

Gender  Race 

Female 60.5%  South/East Asian 45.8% 

Male 38.9%  White 29.3% 

Non-Binary/Other 0.6%  Black/African-American 6.8% 

Generation Status  Middle Eastern/North African 4.8% 

First Generation College Student 27.4%  Native Hawaiian/Pacific Islander 0.6% 

Major/Track*  Native American 0.3% 

Life Sciences 63.1%  Two or More Races 5.8% 

Physical Sciences 15.7%  Ethnicity 

Pharmacy 10.9%  Hispanic/Latino 12.4% 

Social Science 6.2%  Previous Chemistry Coursework 

Engineering 3.0%  High School – None 1.1% 

Other 1.1%  High School – 1 semester to 1 
year 

66.7% 

Pre-Health Track† 83.6% 

Course Goals  High School – 2+ Years 31.2% 

Earn an A 80.3%  College – None 85.1% 

Earn a B  18.0%  College – 1 semester  11.2% 

Earn a C/Pass  1.7%  College – 2+ semesters 3.6% 

*Major/Career Track data is based on the Fall 2015 cohort, as data for the Fall 2018 was 
unavailable 
†Students on the pre-health track may select any major(s) 

Data Collection and Analysis 

The Modified Approaches and Study Skills Inventory (M-ASSIST) 

In this study, the M-ASSIST was issued to students online during the first (pretest) 

and last (post-test) weeks of the Fall 2018, Spring 2019, and Fall 2019 semesters using 
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Qualtrics. However, the remainder of this paper focuses on the post-test results of the 

M-ASSIST since the bulk of students’ grades are determined in the final few weeks of 

the semester 

The decision to administer the M-ASSIST was driven by practicality of 

implementation and its content agnosticism. The brevity and ease of scoring made it an 

attractive model to use in a class of 1,500+ students. Further, the purpose was not to 

assess chemistry knowledge and the researchers believe that the items on the M-

ASSIST can be reasonably answered by students regardless of their chemistry 

background. It contains only twelve items of one sentence each, with six items 

contributing to the deep scale and six items to the surface scale, for which students are 

asked to note their level of agreement on a five-point Likert scale, specifically in the 

context of General Chemistry. Data was analyzed in R and SPSS (Version 26). Deep and 

surface scores are calculated by taking the average score of each subscale. Students 

who did not answer more than one item on both subscales were excluded from the 

analysis. The full M-ASSIST can be found in the original paper by Bunce et al.137 

The Student Individuality Survey (SIS) 

A second survey, the Student Individuality Survey (SIS), was developed in-house 

and consists of two portions: The first asks students to provide demographic data, as 

well as course goals, and the extent of their previous high school and college chemistry 

coursework, (Table 5.1).  The second part of the survey includes a series of questions 

about students’ learning and studying habits in the context of General Chemistry. The 

SIS was administered to students online alongside the M-ASSIST. A copy of this 

instrument can be found in the Supporting Information. SIS data was analyzed using 

SPSS Version 26. 

Regression Analysis 

Logistic Regression was performed in the statistical program R using student 

outcomes as the dependent variable and various combinations of students’ deep scores, 

surface scores, and demographics as the predictor variables. To determine the best 
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model, the proposed models were compared using the Akaike’s An Information Criterion 

(AIC), a multi-model inference technique.161 In brief, the AIC value estimates the relative 

strength of each model within a set based on parsimony and goodness of fit. The 

smaller the AIC number within a set, the better the combination of fit and parsimony.  

The ΔAIC is calculated by identifying the model with the smallest AIC and 

computing the absolute value of the difference between that model and all other 

models.162 Only models in which all predictor variables (e.g. gender) have at least one 

significant individual factor component (e.g. female) are considered. The model with the 

smallest ΔAIC, which also meets this significance criterion, is selected. Further details 

on the statistical analyses and sample R commands are provided in the Supporting 

Information. 

IRB Approval and Consent Procedures 

All methods and procedures were granted IRB approval from the institution, under 

IRB protocol 15-814M, with annual renewal.  

Results 

RQ1, Part I: Defining Success 

Students’ study skill scores were measured on the deep and surface subscales and 

separated according to their final grade in the class. Figure 5.1 shows the distribution 

of average deep and surface scores for each letter group in the fall and spring 

semesters. Note that the surface score appears to be more sensitive than the deep 

score. This is consistent with the findings of by Bunce and colleagues.137  

Gellene and Bentley suggest that multivariable prediction models perform best when 

the student outcome is binary.138 In lieu of letter grades, student outcomes were labeled 

“successful” (S) or “unsuccessful” (U), with success defined as earning a grade of B or 

higher. The decision to use this cut-off stemmed from a few considerations. First, in 

both semesters, over 98% of the students selected a grade of “A” or “B” (Table 5.1) as 

their goal. Most convincingly, however, were the trends in grades from GC1 to GC2, 

illustrated in Figure 5.2. Of the students who earned an A in GC1, 94.3% of them 
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earned a grade of A or B/B+ in GC2. Just over half of the students earning a B/B+ in 

GC1 earned a grade of A or B/B+ in GC2. Comparatively, not a single student from this 

cohort received an A in GC II following a grade of C/C+ in GC1, and only 9.6% of them 

earned a B/B+. This sharp contrast between the two groups lends support to the use of 

“B or better” as a demarcation line for success.  

 

Figure 5.1. Average deep and surface scores from the M-ASSIST1 were calculated according to the four grade groups for 
each semester and plotted on the graphs. Error bars represent the 95% confidence intervals.  
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Figure 5.2. (top) A Sankey diagram showing the flow of grades students earned in GC1(left) and then in GC2 (right). The 
width of the bands is proportional to the number of students represented. This data only shows students who completed 
GC1 in Fall 2018 and transitioned into and completed GC2 in Spring 2019 (N=839). A full set of outcomes can be found in 
the Supporting Information (Table 5.S1). For clarity, the percentages representing each band are provided in the grid 
(bottom) and are calculated as a percentage of students earning a given letter grade in GC1. 

RQ1, Part II: Calculating Study Skills Scores 

Figure 5.3 provides a breakdown of responses for each item on the M-ASSIST by 

outcome group for the Fall 2018 semester. An independent t-test is used to investigate 

any differences between the two groups and an effect size is calculated using Cohen’s d. 

As a whole, there are greater differences between the two groups on the surface scale 

compared to the deep scale for both semesters, reflecting the findings from Figure 5.1.  
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Figure 5.3. Responses from successful (S) and unsuccessful (U) students on the twelve items from the M-ASSIST for the 
Fall 2018 GC1 course. Responses of “strongly agree” are represented by dark blue (left-side of scale) and responses of 
“strongly disagree” are in dark red (right-side of scale). NS = 411; NU = 273. Responses for the Spring 2019 semester can 
be found in the Supporting Information.  

For the fall term, analysis of the individual items yielded significant differences with 

moderate effect sizes for all items on the surface scale (Table 5.2). Items S2 and S6 both 

target sense-making and have the largest effect size. While the deep scale contains three 

items that suggest significant differences between the U/S groups, the data is 

underpowered to make definitive claims. The spring semester (Table 5.S2, Supporting 

Information) followed a similar trend with respect to the surface scale; however, four 

items on the deep subscale were significantly different and achieved a statistical power 

of β≥0.80. Still, the effect sizes were considerably smaller compared to those of the 

surface scale.  
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Table 5.2. Differences Per M-ASSIST Item for Successful and 

Unsuccessful Students* (Fall 2018) 

 Deep (D) Surface (S) 

Item Sig. Effect Size Power Sig.  Effect Size Power 

1 0.103 NS NS 0.000 0.576 ≥0.999 

2 0.016 0.193 0.695 0.000 0.706 ≥0.999 

3 0.486 NS NS 0.000 0.603 ≥0.999 

4 0.014 0.192 0.691 0.000 0.547 ≥0.999 

5 0.130 NS NS 0.000 0.448 ≥0.999 

6 0.009 0.206 0.747 0.000 0.701 ≥0.999 

*NS=411; NU=273; “NS” is “not significant” 

 

Heatmaps were created by plotting each student according to their average deep and 

surface scores (Figure 5.4). Data points are colored on a gradient according to the 

proportion of successful students at that point. Areas with a higher proportion are 

coded in blue, while those with a lower proportion are coded in red. Whole-class average 

deep and surface scores form the four quadrants. In both semesters, Quadrant 1 (top-

right) contains the greatest density of blue (successful) data points. These are the 

students with high deep scores and low surface scores. Students in Quadrant 4 

(bottom-right) did not have many successful outcomes, despite having above-average 

deep scores, illustrating the differences in sensitivity between the deep and surface 

scales seen previously in Figure 5.1. Table 5.3 lists the average fraction of successful 

students per quadrant to supplement the visual representations of the data. Note that, 

in both semesters, the quadrants with below-average surface scores had the largest 

fractions of successful students.  
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Figure 5.4. Heatmaps for the GC1 (top, N=653) and GC2 (bottom, N=697) courses were created by calculating the 
proportion of students that were successful at each possible combination of average deep (x-axis) and surface scores (y-
axis). Dark blue points represent a fraction of success = 1, whereas red represents a fraction of success = 0. White 
spaces indicate that no student had that combination of scores. Quadrants are formed using the overall average deep and 
surface scores and are numbered 1-4, starting in the top-right quadrant and proceeding counter-clockwise. 

Table 5.3. Fraction of Successful Students 

per Quadrant 

Quadrant Deep 
Scale 

Surface 
Scale 

Fraction of Success 

GC1 GC2 

1 High Low 0.85 0.78 

2 Low Low 0.67 0.49 

3 Low High 0.43 0.38 

4 High High 0.41 0.35 
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RQ1, Part III. Modeling and Predicting Success 

Logistic regression was carried out on the binary outcome data (successful versus 

unsuccessful) as a function of various combinations of students’ surface scores, deep 

scores, and demographics (first generation status, gender, and race/ethnicity). Due to 

sample size, the categories of race and ethnicity were combined, as has been common 

practice in previous studies.152, 155, 163 Table 5.4 provides an overview of the proposed 

models along with the AIC and ΔAIC values. 

Table 5.4. Regression Models to Predict Student Outcomes in General 

Chemistry 

Model Predictor Variables AIC ΔAIC 

General Chemistry I – Fall 2018 

Fa0 deep + surface 811.0 76.4 

Fa1 deep + surface + first generation 764.8 30.2 

Fa2 deep + surface + first generation + gender 757.1 22.4 

Fa3 deep + surface + first generation + gender + race/ethnicity 734.7 0.0 

Fa4 deep + surface + gender + race/ethnicity 751.5 16.8 

Fa5 deep + surface + race/ethnicity 760.4 25.7 

Fa6 deep + surface + first generation + race/ethnicity 743.5 8.9 

General Chemistry II – Spring 2019 

Sp0 deep + surface 908.7 115.9 

Sp1 deep + surface + first generation 821.1 28.3 

Sp2 deep + surface + first generation + gender 816.6 23.8 

Sp3 deep + surface + first generation + gender + race/ethnicity 792.8 0.0 

Sp4 deep + surface + gender + race/ethnicity 804.0 11.2 

Sp5 deep + surface + race/ethnicity 808.4 15.6 

Sp6 deep + surface + first generation + race/ethnicity 796.8 4.0 

 

Table 5.5 provides the regression parameters associated with each model listed in 

Table 5.4. Each of the n values are log-odds parameters. The categorical variables 

produce parameters whose log-odds are relative to one of the component factors. Each 

factor is assigned a label of 1 through m, where m is the total number of factors within 

that categorical variable. Using the criteria described previously in this paper, the best 

model selected for each semester are as follows:   

 𝑂𝑢𝑡𝑐𝑜𝑚𝑒 =  𝛽0 + 𝛽1𝐷𝑒𝑒𝑝 + 𝛽2𝑆𝑢𝑟𝑓𝑎𝑐𝑒 + 𝛽3𝐹𝑖𝑟𝑠𝑡𝐺𝑒𝑛 + 𝜷𝟒𝑅𝑎𝑐𝑒/𝐸𝑡ℎ𝑛𝑖𝑐𝑖𝑡𝑦 (1) 
   

 𝑂𝑢𝑡𝑐𝑜𝑚𝑒 =  𝛽0 + 𝛽1𝐷𝑒𝑒𝑝 + 𝛽2𝑆𝑢𝑟𝑓𝑎𝑐𝑒 + 𝜷𝟒𝑅𝑎𝑐𝑒/𝐸𝑡ℎ𝑛𝑖𝑐𝑖𝑡𝑦 (2) 
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Table 5.5. Regression Model Parameters to Predict Student Outcomes in General Chemistry 

Model Log-Odds Parameters (βn) 

Intercept Deep Surface FirstGen2 Gender2 RaceEth2 RaceEth3 RaceEth4 

General Chemistry I – Fall 2018 

Fa0 2.364*** 0.388** -1.042***      

Fa1 2.582*** 0.414** -1.071*** -0.649**     

Fa2 2.345*** 0.441** -1.067*** -0.658** 0.324    

Fa3 2.124** 0.429** -1.073*** -0.638** 0.358 -0.250 0.498* 0.402 

Fa4 1.848** 0.430** -1.051***  0.346 -0.366 0.542** 0.440 

Fa5 2.112*** 0.404** -1.054***   -0.388 0.500* 0.390 

Fa6 2.403*** 0.400** -1.076*** -0.637**  -0.271 0.459* 0.355 

General Chemistry II – Spring 2019 

Sp0 1.136* 0.516*** -0.920***      

Sp1 1.699** 0.429** -0.943*** -0.459*     

Sp2 1.470* 0.452*** -0.931*** -0.441* 0.265    

Sp3 1.612* 0.454** -0.971*** -0.392 0.271 -0.787 0.090 -0.190 

Sp4 1.366* 0.499*** -0.973***  0.263 -0.926* 0.086 -0.202 

Sp5 1.602** 0.479*** -0.987***   -0.980* 0.065 -0.232 

Sp6 1.851** 0.434** -0.984*** -0.402  -0.829* 0.070 -0.220 

*p≤0.05; **p≤0.01; ***p≤0.001 

FirstGen2: holds first generation college status; Gender2: Male; RaceEth2: Hispanic/Latinx; RaceEth3: Asian; 
RaceEth4: Black or African-American 
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Only the predictor variables with significant regression parameters are included in the 

best models. The bolded 4 terms refer to a set of parameters related to the 

Race/Ethnicity variable. In the case of Model Fa6 (Equation 1), the significant factor 

component for the Race/Ethnicity categorical variable is that for Asian (RaceEth3, Table 

5.5). For Model Sp5 (Equation 2), the significant factor component within the same 

variable is that for Hispanic/Latinx (RaceEth2, Table 5.5).   

To evaluate the predictive capabilities of these two models, outcome probabilities are 

computed by plugging in students’ data into the selected models. These probabilities 

are translated into predicted outcomes using the following decision boundary: a 

probability of ≥0.5 was assigned “1” (successful) while a probability of <0.5 was 

assigned “0” (unsuccessful).  Students’ predicted outcomes were then compared to their 

actual outcomes in the course (Table 5.6). 

Table 5.6. Predictive Capabilities of Regression Models 

Value GC1 - Fall 2018 GC2 - Spring 2019 GC1 - Fall 2019 

Model Used Fa6* Sp5 Sp5* Fa6 Fa6 

NTotal 643 649 652 644 485 

NU (actual) 248 252 312 307 203 

NS (actual) 395 397 340 337 282 

Specificitya 80.0% 70.3% 66.5% 81.0% 86.9% 

Sensitivityb 48.4% 61.1% 62.5% 44.6% 48.8% 

% Pos. Predictive Valuec 71.2% 74.0% 65.9% 61.6% 70.2% 

% Neg. Predictive Valued 60.3% 56.6% 63.1% 68.2% 72.8% 

% Predicted Overall 67.8% 66.7% 64.6% 63.7% 70.9% 

a % of successful outcomes correctly predicted by model 
b % of unsuccessful outcomes correctly predicted by model 
c % of successful predictions that were correct  
d % of unsuccessful predictions that were correct 

*Model selected based on ΔAIC 

 

In the Fall 2018 semester, Model Fa6 correctly predicts an unsuccessful outcome in 

the course slightly less than fifty percent of the time, but predicts successful outcomes 

slightly more than eighty percent of the time.  This remains true even when the same 

model is tested with a different cohort in Fall 2019. GC2 Model Sp5 correctly predicts 

desirable and undesirable outcomes nearly two-thirds of the time. Results from testing 
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the two models on the alternate semesters (i.e., Sp5 model used on GC1 data, Fa6 

model used on GC2 data) are also provided in Table 5.6. In both cases, the use of these 

alternate models provides lower overall prediction rates, supporting the use of two 

different models, Fa6 and Sp5, for their respective semesters.  

RQ2: Study Skills and Academic Habits 

Students’ lecture habits were correlated with their average deep and surface scores 

using a Spearman Rank Order Correlation (Table 5.7). In both GC1 and GC2, average 

deep scores are significantly correlated with all five items listed under learning habits, 

though the correlation coefficients were small in magnitude. The item “focus in lecture” 

has the largest correlation with the deep score in both semesters and the only 

significant correlation with the surface score, which is negative.  

Table 5.7. Spearman Correlations of Study Skills and Learning Habits 

“How frequently do you do the 
following?” (5-pt Likert Scale) 

GC1 - Fall 2018 GC2 - Spring 2019 

Deep Surface Deep Surface 

Attend lecture  0.094* -0.035 0.155*** -0.063 

Prepare before lecture  0.178***  0.018 0.149***  0.016 

Take notes during lecture  0.122***  0.014 0.104** -0.027 

Pay attention in lecture  0.208*** -0.154*** 0.208*** -0.147*** 

Take notes while reading 
textbook/lecture notes 

 0.191***  0.048 0.169***  0.009 

*p≤0.05; **p≤0.01; ***p≤0.001 

 

Spearman correlations were also calculated for students’ deep and surface study 

skills with their general approaches and beliefs towards studying (Table 5.8). Overall, 

this section encompasses the largest correlation coefficients. Satisfaction with study 

habits is positively correlated with the deep score in both semesters and negatively 

correlated with the surface score, suggesting that students do have some awareness of 

their academic progress in the class. However, results on the second item suggest that 

students with higher surface scores may not know how to improve their study habits.  

On the SIS, cramming is defined as “mass studying in the last day or two before an 

exam, rather than spread out.” The frequency of cramming for exams is positively 
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correlated with the surface score, and negatively correlated with the deep score for both 

semesters. Still, when those who indicate at least some tendency to cram are asked 

about the effectiveness of their cramming, no clear trend could be identified except for a 

small negative correlation with the spring’s surface score.  

The final item in this section asks students whether or not they felt they had to 

memorize a significant amount of material in the class. Agreement with this item 

resulted in a low negative correlation with the deep score and a moderate positive 

correlation with the surface score. Despite the different content material presented in 

GC1 and GC2, these results were consistent in both semesters and align with that 

which would be expected from the M-ASSIST.  

Table 5.8. Spearman Correlations of Study Skills and Beliefs About Habits 

Frequency/Agreement with the 
following: 

GC1 - Fall 2018 GC2 - Spring 2019 

Deep Surface Deep Surface 

I am satisfied with my study habits 
(3pt-Likert scale) 

 0.180*** -0.327***  0.112** -0.335*** 

I know how to improve my study 
habits‡ (T/F) 

 0.078 -0.315***  0.112** -0.159*** 

How often do you cram before 
exams?  (5-pt Likert scale) 

-0.176***  0.400*** -0.137***  0.246*** 

Do you believe cramming works 
well for you?† (3pt Likert scale) 

-0.003 -0.073 -0.015 -0.143*** 

I find myself having to memorize a 
significant amount of material in 
this class (T/F) 

-0.243***  0.454*** -0.179***  0.391*** 

*p≤0.05; **p≤0.01; ***p≤0.001 
‡This item was only available for those who selected “Somewhat Satisfied” or “Not Satisfied” 
with the previous item, “I am satisfied with my study habits” 
†This item was only available for those who did not select “Never” to the previous item, “How 
often do you cram before exams?” 

 

Finally, students were provided with a set of eight study methods and told to select 

as many methods as they actually found helpful during the semester. The preferred 

study methods are neither consistent between semesters, nor were any of the 

correlation coefficients sufficiently large (Table 5.9). The only study methods that 

produced significant results in both GC1 and GC2 were reading the textbook (positively 

correlated with the deep score) and watching videos online (positively correlated with 
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the surface score). Online videos are not a component of the course, and thus refer to 

any videos from third parties that students sought independently. 

Table 5.9. Spearman Correlations of Study Skills and Study Habits 

How helpful do you find the 
following when studying? (3-pt 
Likert Scale) 

GC1 - Fall 2018 GC2 - Spring 2019 

Deep Surface Deep Surface 

Reading the textbook  0.080* -0.027  0.151***  0.020 

Reading the instructor's notes  0.007 -0.146***  0.042 -0.072 

Reading another instructor's notes -0.049  0.081* -0.040  0.072 

Watching videos online  0.033  0.219*** -0.027  0.132*** 

Writing own notes  0.034 -0.037  0.067 -0.039 

Doing practice problems from the 
textbook 

 0.149*** -0.118**   0.056  0.001 

Doing practice problems from 
outside of the textbook 

-0.005 -0.013   0.024 -0.038 

Re-doing the homework  0.092* -0.053   0.042  0.003 

*p≤0.05; **p≤0.01; ***p≤0.001 

 

One possible explanation for the low predictability of at-risk (predicted-unsuccessful 

students) in the fall is that their study methods might vary. These students were 

divided into two groups: at-risk, successful (N=76) and at-risk, unsuccessful (N=117). 

The percentage of students in these two groups who utilize each of the study methods 

was calculated and compared using a Chi-square test (Table 5.10). For GC1 in Fall 

2018, watching videos online is the only study method that shows a significant 

difference between the successful and unsuccessful students that were initially deemed 

at-risk. 
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Table 5.10. Study Methods of At-Risk Students By Course Outcomes (Fall 

2018)  

Study Method At-Risk (S) 

% Use 

At-Risk (U) 

% Use 

Chi-square, 

X2 Sig. 

Reading the textbook 52.5 59.5 0.983 - 

Reading the instructor's notes 78.8 77.0 0.088 - 

Reading another instructor's notes 62.5 57.1 0.582 - 

Watching videos online 57.5 84.1 17.9 p≤0.001 

Writing own notes 65.0 61.1 0.316 - 

Doing practice problems from the 
textbook 

56.3 56.4 0.000 - 

Doing practice problems from 
outside of the textbook 

60.0 60.3 0.002 - 

Re-doing the homework 32.5 42.1 1.89 - 

NS=76; NU=117     

Discussion 

Deep and Surface Subscales 

While students’ surface scores on the M-ASSIST exhibit clear differences between 

the achievement groups, the deep scale appears to be less sensitive overall. These 

findings mimic those reported in the original M-ASSIST study by Bunce and 

colleagues,137 which found that the surface scale could readily differentiate between the 

three grade groups (A/B, C, and D/F), while the deep scale did so to a lesser extent.   

The relationship between students’ deep and surface scores with their course 

outcomes are readily visualized by the heatmaps in Figure 5.4. Notably, the quadrants 

with below-average surface scores contain the largest fraction of students earning a B 

or better in the course.  Specifically, students with below-average surface scores and 

above-average deep scores seem to fare the best. Interestingly, however, the same trend 

is not apparent with students who have higher surface scores. That is, the differences 

in the fractions of success between Quadrants 3 and 4 are less apparent than the 

differences between Quadrants 1 and 2. In fact, students in Quadrant 4 (high 

surface/high deep) as a whole had lower proportions of success than students than 

students in Quadrant 3 (high surface/low deep), for both semesters. While the deep 

scale was found to be less sensitive than the surface scale, that students in Quadrant 4 

had lower proportions of success was unexpected.  
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Previous work on study approaches suggests that students within this quadrant are 

not homogenous in terms of their beliefs and approaches to studying for coursework. 

Entwistle et al. used a cluster analysis to characterize student responses to the 

Approaches to Studying Inventory (ASI), the predecessor to the M-ASSIST.164 While 

most clusters appeared to be typical (i.e., deep and surface scores were inversely 

related), one cluster reported unusually high deep scores with high surface scores. This 

particular cluster was the second-lowest in academic performance (out of six) and was 

not far behind the lowest-performing cluster. 

Entwistle describes these high-deep/high-surface students as “disorganised in their 

studying, highly anxious and with confusion in…their intention to seek meaning and 

declared interest in the ideas in the course, on the one hand, and their…weak levels of 

understanding on the other.”164 He suggests a differentiation among the lower-

performing students, specifically between the students with genuine surface approaches 

and those who are likely deep learners but who do not know how to properly utilize 

those approaches, (and fall back on surface approaches instead). This dissonance is 

recognized in similar studies,165-167 and is consistent with what is known about 

metacognitive skills and course performance. Students who effectively utilize 

metacognitive strategies, such as evaluating their understanding and monitoring their 

study habits, tend to perform better academically.110, 151, 168-170 Some surface learners 

may perform poorly simply due to their surface approaches to learning (failing to 

evaluate their understanding). Others may acknowledge that a deep approach is more 

effective, but are either unsure as to how to execute that approach successfully (failing 

to monitor their study habits). 

Modeling Success 

In each of the regression models for both the fall and spring semesters, the deep 

and surface scores emerged as the strongest predictors among the independent 

variables (Table 5.5). When incorporating the demographic data, identifying as Hispanic 

(GC2) and/or first-generation (GC1) was found to have a negative impact on outcomes, 
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while identifying as Asian (GC1) was found to have a positive impact. These findings are 

consistent with current literature150, 163, 171 but still serve as an important reminder of 

the role of student identity in this research. 

Overall, both the Fall 2018 and Spring 2019 models were able to correctly predict 

student outcomes roughly two-thirds of the time (Table 5.6). Gellene and Bentley 

estimate that even with a binary outcome, the predictive accuracy of multivariable 

models reaches a maximum around 70-80% due to “intangible” quantities such as 

individual motivation.138 The Fall 2018 GC1 model exhibited a large disparity in its 

specificity versus sensitivity (80.0% versus 48.4%, respectively), which was repeated 

when the model was applied to data from the Fall 2019 cohort. This 

sensitivity/specificity gap has been previously observed by other researchers, though a 

definitive explanation has not been established.149, 172 Still, the consistency between the 

two fall semesters was encouraging. The model applied to the GC2 course was more 

equitable in its predictions, correctly identifying the outcomes of successful students 

66.5% of the time, and unsuccessful students at 62.5% of the time. It is possible that 

the students in GC2 are a more homogeneous cohort due to a “filter effect” resulting 

from GC1-to-GC2 attrition. The degree to which such homogeneity accounts for the 

fidelity of the predictive models warrants further investigation. 

Study Methods and Metacognition 

The second research question focused on the habits and study methods that 

students report using in the class. Generally, favorable lecture habits (e.g. preparing 

ahead of time) were positively correlated with the deep score (Table 5.7), while crammed 

studying and memorization of content were positively correlated with the surface score 

(Table 5.8). These findings contribute to the validity of the M-ASSIST. 

Examination of the specific study methods that students report using in class 

indicate that deep and surface learners draw upon many of the same resources (Table 

5.9). However, watching videos emerged as a practice moderately correlated with the 

surface score in both GC1 and GC2. Students who were deemed at risk and were 
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ultimately unsuccessful were significantly more likely to report watching these videos 

compared to the at-risk, successful group (Table 5.10). Online media continues to mold 

the educational landscape and has offered many benefits to learning.173 However, 

students who lack effective metacognitive skills may be more prone to passive learning 

at best and mis-calibrated confidence at worst.174-176 Students with high surface scores, 

and are thus predicted to be at-risk, may be more prone to using these unhelpful 

practices while engaging with online videos. This is particularly true if the online videos 

do not have built-in features to encourage students to reflect or self-assess on content 

related to the subject matter. 

Conclusions 
Drawing on one full year of General Chemistry at a large R1 university, a logistic 

regression model containing predictor variables of deep scores, surface scores, and 

demographic data has an overall prediction accuracy between 65-70%. Notably, the 

surface scores are the strongest predictors of success. It is a promising finding that the 

deep and surface scales’ sensitivities were consistent with those found by Bunce and 

colleagues,137 despite the fact that the present study’s cohorts were quite different.  

Although numerous placement tests have been previously described in detail, the 

M-ASSIST does have some unique benefits. First, the M-ASSIST consists of only 12 

items, can easily be administered online, and typically takes less than 10 minutes to 

complete. Secondly, the M-ASSIST does not require any previous chemistry, math, or 

other STEM content knowledge. Lastly, the M-ASSIST can be quickly scored by 

instructors using any type of data analysis software or spreadsheet program and can 

provide actionable feedback for students if serving as an advisory tool. 

It was unfortunately timely that this study coincided in part with the peak of the 

SARS-CoV-2 pandemic. Although not the intention, these circumstances serve as a 

reminder of how important it is for students to develop effective, independent study 

methods and approaches. General Chemistry is typically taken by students in their first 

year of college, while they are adjusting to a new setting, new responsibilities, and new 
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freedoms. Compounded with poor metacognitive skills and an unlimited amount of 

resources at their disposal, some students may see these introductory courses as an 

obstacle to overcome, rather than as a stepping-stone towards their goals.  

Implications for Instruction 
The results from this study have precipitated three main implications. The first is 

that deep and surface learning approaches, as measured by the M-ASSIST, do not 

necessarily exist on a single spectrum, and thus students’ placement on the surface 

scale, for example, may not be related to their placement on the deep scale. This 

suggests that a one-size-fits-all solution may not be suitable. For example, while studies 

have reported positive outcomes following in-class interventions on metacognitive 

strategies,135, 177 one study found that high-achieving students may actually have 

adverse reactions to this type of intervention.178 Instead, a prediction model such as the 

M-ASSIST may be a quick and useful tool to test and ultimately identify the best 

intervention for different students. 

Secondly, results suggest that successful and unsuccessful students in this cohort 

do not appear to use drastically different study methods from one another. This serves 

as a reminder of the language gap between students and instructors, which can be 

succinctly summarized by Cook and collaborators:135 

…when students learn about Bloom’s taxonomy, which almost none of them have 

seen before, they understand what faculty members mean by higher-order 

thinking. If students have never been explicitly taught that there is more to 

learning than memorization, they have no way of knowing how to develop higher-

order thinking skills.  

The authors here argue that vague phrases like “higher-order thinking” are not helpful 

for students who do not know how to apply these ideas in a tangible way. Analogously, 

one-dimensional or cliched study advice like “don’t cram” or “read the textbook” not 

only make assumptions about an individual’s prior knowledge about learning, but also 

ignores factors that might place them at risk. Instead, students in need of studying 

assistance should be guided in developing specific, actionable measures that they can 
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reasonably implement. Instructors should avoid vague advice and be cognizant of the 

different ways that students utilize a given study method, as some may result in 

unproductive or deleterious outcomes. 

Finally, one notable finding was that for at-risk, unsuccessful students, a higher 

frequency of studying via online videos is reported. There is no dearth of best practices 

literature on the use of videos education, such as the use of guiding questions or 

interspersed polling.179-182 However, in the case of third-party videos that students seek 

independently, instructors should take time to educate (and remind) students of how to 

properly use these videos and monitor their understanding, emphasizing the pitfalls of 

passive learning or false confidence.   

Future Directions and Limitations 
This paper describes the first use of the M-ASSIST as a means for predicting 

student success in General Chemistry. The majority of students in this cohort were life-

science majors with an interest in health professional careers. Further work could 

investigate how these study skills may differ amongst engineers, chemistry majors, and 

a variety of other student cohorts at different types of institutions (e.g. small liberal arts 

colleges, minority serving institutions, and regional comprehensive colleges and 

universities). 

Further, there were no clear indications as to why the surface scale was more 

sensitive in predicting student outcomes although differences in students’ 

metacognitive skills may be implicated. Likewise, students across the spectra of study 

skills and outcomes generally reported using similar study methods on their own. The 

next step may be to investigate the ways that students actually engage with these 

resources. Modifications to the SIS might help to move past the “what,” into the “how” 

and would be better informed by qualitative data, such as interviews or focus groups. 

Such work could also increase the degree to which we can move students away from 

relying on surface-level strategies to approach their coursework and toward more deep, 

meaningful, and research informed methods. 
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Supporting Information for Chapter 5 

Logistic Regression Analysis 

Logistic regression fits a logistic function to a set of data in which the outcome 

variable is binary (0 or 1) and the predictor variables are continuous, categorical, or 

ordinal in nature. Deep and surface scores were each treated as continuous predictor 

variables in accordance with literature precedent137 in the logistic regression models.  

First generation college student status, gender, and race/ethnicity were all treated as 

categorical predictor variables. 

The parameters associated with each of these predictor variables are log-odds 

values. Upon exponentiation, the contribution of each predictor variable to the odds of 

success is obtained.  However, of greatest interest in this study is the student’s 

probability of success. This value is obtained by transforming the results of the logistic 

regression as follows: 

 

𝑃𝑟 =  
1

1+𝑒
−(∑ 𝛽𝑖𝑥𝑖

𝑛
𝑖=0 )

     (1) 

 
Where Pr, i and xi are the probability of success (a value ranging between 0 and 1), ith 

regression parameters, and predictor variables, respectively.   
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Sample R Command and Output for Logistic Regression 

Below is a sample command for running a logistic regression in the statistical 

program R.2 This command was used to run a logistic regression for Model 6 of General 

Chemistry I in the Fall of 2018 (i.e. Model Fa6): 

Dependent variable: Outcome 

Predictor variables: deep, surface, firstgen, ethrace 

Filename: Outcomes_and_Demographics_161_F18 

 
The output of this command is given as:  

 
 
 
 
 
 

 

 
 
The factor components are the individual labels within an ordinal or categorical 

predictor variable. For example, ethrace3 (Asian) is a factor component of the 

categorical predictor variable ethrace (Ethnicity/Race). Estimates of the parameter 

values are the individual βn values that are used in the regression model to calculate 

the outcome probability and generally represent the signed contribution of each variable 

to the outcome. The final column provides the significance of each variable. R also 

provides the AIC value near the bottom of the output.  

  

Call: 

glm(formula = Outcome ~ deep + surface + firstgen + ethrace, family = 

binomial(link = "logit"),  

    data = Outcomes_and_Demographics_161_F18) 

 

Deviance Residuals:  

    Min       1Q   Median       3Q      Max   

-2.2932  -1.0256   0.5106   0.9154   1.8880   

 

Coefficients: 

            Estimate Std. Error z value Pr(>|z|)     

(Intercept)   2.4033     0.6457   3.722 0.000198 *** 

deep          0.3996     0.1457   2.742 0.006105 **  

surface      -1.0763     0.1190  -9.046  < 2e-16 *** 

firstgen2    -0.6369     0.2044  -3.116 0.001832 **  

ethrace2     -0.2711     0.3567  -0.760 0.447307     

ethrace3      0.4591     0.2030   2.261 0.023747 *   

ethrace4      0.3547     0.3779   0.939 0.347889     

--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 

 

(Dispersion parameter for binomial family taken to be 1) 

 

    Null deviance: 857.48  on 642  degrees of freedom 

Residual deviance: 729.54  on 636  degrees of freedom 

  (42 observations deleted due to missingness) 

AIC: 743.54 

 

Number of Fisher Scoring iterations: 4 

 

Factor 
Components 

Estimate of 
the Parameter 

Values 

Significance 

AIC value 
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Course Outcomes Data 

The grade distributions in Table 5.S1 include all students who completed General 

Chemistry I and II in the Fall 2018 and Spring 2019 semesters, respectively, and 

provide context for the Sankey flow diagram in Figure 5.2 of the main text. Students 

who earn an “F” in General Chemistry I are prohibited from taking General Chemistry II 

without re-taking the course, and only in rare, case-by-case circumstances are students 

who earn a “D” in General Chemistry I allowed to continue to enroll in General 

Chemistry II without a re-take. For this reason, students who earned a D/F in General 

Chemistry I are underrepresented in Figure 5.2.  

Table 5.S1. Grade Distributions* in 

General Chemistry by Semester 

 GC1 (Fall 2018) GC2 (Spring 2019) 

Grade N (%) N (%) 

A 222 17.9% 192 17.3% 

B+/B 364 29.4% 282 25.4% 

C+/C 373 30.1% 340 30.6% 

D/F 280 22.6% 297 26.7% 

TOTAL 1,239 100% 1,111 100% 

*These numbers do not include students 

who dropped out of the course.  
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M-ASSIST Student Responses – GC2, Spring 2019 

 

Figure 5.S1. Responses from successful (S) and unsuccessful (U) students on the twelve items from the M-ASSIST1 for 
the Spring 2019 GC2 course. Responses of “strongly agree” are represented by dark blue (left-side of scale) and 
responses of “strongly disagree” are in dark red (right-side of scale). NS = 364; NU = 361.  
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M-ASSIST Item Analysis – GC2, Spring 2019 

Table 5.S2 lists the outcomes of a t-test in GC2 when comparing successful and 

unsuccessful students on each M-ASSIST item.1 With the exception of Items 3 and 5 on 

the Deep Scale, all items were found to have a significant difference. However, the effect 

sizes of the Surface Scale are lower overall compared to the Fall 2018 cohort (Table 5.2).  

Table 5.S2. Differences Per M-ASSIST Item for Successful and 

Unsuccessful Students* (Spring 2019) 

 Deep (D) Surface (S) 

Item Sig. Effect Size Power Sig.  Effect Size Power 

1 0.003 0.220 0.841 0.000 0.531 ≥0.999 

2 0.003 0.220 0.840 0.000 0.539 ≥0.999 

3 0.590 NS NS 0.000 0.524 ≥0.999 

4 0.000 0.289 0.972 0.000 0.376 ≥0.999 

5 0.046 0.149 0.515 0.000 0.394 ≥0.999 

6 0.000 0.277 0.961 0.000 0.595 ≥0.999 

*NS = 364; NU = 361 
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Copy of Student individuality survey (SIS) 

Part I: Student Information 

1. Gender Identity: 

 Female 

 Male 

 Gender non-binary/Other 

 Prefer not to say 

 

2. Ethnicity: 

 Hispanic or Latino 

 Not Hispanic or Latino 

 Prefer not to say 

 
3. Race (You may select all that apply) 

 American Indian or Alaska Native 

 Asian (South/East) 

 Black or African American 

 Middle Eastern/North African 

 Native Hawaiian or Other Pacific Islander 

 White 

 Prefer not to answer 

 

4. Are you in the first generation in your family to attend college? 

 Yes 

 No 

 Prefer not to answer 

 

5. How many years/semester of high school chemistry did you take? 

 I have not taken high school chemistry 

 I have taken 1 semester of high school chemistry 

 I have taken 1 year (2 semesters) of high school chemistry 

 1 or more years of high school chemistry and 1 year of AP chemistry 

 2 or more years of chemistry, but not AP chemistry 

 I took a chemistry course through the International Baccalaureate diploma 

program 

 

6. How many semesters of college chemistry have you taken? (Does NOT include AP 

Chemistry in high school) 

 I have not taken any college chemistry courses 

 At most 1 semester of preparatory chemistry 

 At most 1 semester of general chemistry 

 Up to 2 semesters of chemistry 

 More than 2 semesters of chemistry 

 

7. Which best describes your goal for a grade in this class? 

 I want to earn an A 

 I want to earn at least a B 

 I want to earn at least a C 

 I just want to pass this class 
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8. What is your primary reason for taking this course? (Check the one that best 

applies) 

 I am taking this course as a prerequisite for medical school or another health-

related profession 

 I am taking this course as a requirement for my major or minor 

 I am taking this course as a prerequisite for another course needed for my 

major. 

 I am taking this course as a science elective, general elective, or core 
requirement. 

 I am taking this course because I am interested in chemistry. 

 

Part II: Learning/Studying 
9. How often do you anticipate needing to cram to study for General Chemistry? 

(Cramming, defined as mass studying in the last day or two before the exam, rather 

than spread out over the semester) 

 Always 

 Usually 

 Sometimes 

 Usually never 

 Never 

 

10. [Logic: If Q9, “Never” is NOT selected] Do you believe cramming works well for you? 

 Absolutely 

 Somewhat 

 Not at all 

 I don't cram  

 
11. How often did you attend lecture? 

 Always 

 Almost always 

 Half the time 

 Almost never 

 Never 

 

12. How often do you prepare before lecture, by reading the textbook, reading notes, or 

other means? 

 Always 

 Almost always 

 Half the time 

 Almost never 

 Never 
 

13. How often do you write your own notes during the lecture itself? (Not including the 

professor's notes) 

 Always 

 Almost always 

 Half the time 

 Almost never 

 Never 
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14. [Logic: If Q11 “Never” is NOT selected] How often do you think you stay focused in 

lecture? 

 Always 

 Almost always 

 Half the time 

 Almost never 

 Never 

 

15. If you read the textbook/lectures notes on your own, how often do you write your 
own notes alongside? 

 Always 

 Almost always 

 Half the time 

 Almost never 

 Never 

 N/A, I don’t read the textbook/lecture notes 

 

16. How did you study for the General Chemistry exams? Check all that apply 

 Reading the textbook 

 Reading my instructor's notes 

 Reading other instructors’ notes 

 Writing my own notes 

 Watching videos online (YouTube, Khan Academy, etc.) 

 Doing practice problems from the textbook 

 Doing practice problems I found outside the textbook 

 Redoing old online homework 

 Other: ________________________________________________  

 
17. Of the methods listed, which do you believe will be the most helpful when studying 

for a quiz/exam. Drag and drop into the appropriate box 

 Most  

Helpful 

Somewhat 

Helpful 

Not  

Helpful 

Reading the textbook 

Reading my 
instructor's notes 

Reading other 
instructors’ notes 

Writing my own notes 

Watching videos 
online (YouTube, 
Khan Academy, etc.) 

Doing practice 
problems from the 
textbook 

Doing practice 
problems I found 
outside the textbook 

Redoing old online 
homework 
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18. If you are working on a problem and you cannot solve it right away, what is likely 

your next step? 

 Look up answer/solution and follow along 

 Ignore it and move on 

 Find a friend to help 

 Find an instructor/TI to help 

 Leave it and come back to it later 

 Find a similar problem with a solution and try to follow along 

 Read a section of the textbook (without looking at example problems) 

 Other (specify) ________________________________________________ 

 

19. True or False: I've found myself having to memorize much of the material instead of 

understanding it deeply. 

 True 

 False 

 

20. Are you satisfied with your study habits? 

 Yes 

 Somewhat 

 No 

 
21. [Logic: If Q20 “Yes” is NOT selected] Do you know how to improve your study 

habits? 

 Yes, I know what I need to do to improve 

 No, I don't know how to improve 
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Chapter 6 | Creation of Academic Social Networks (ASNs) 
for Effective Online eLearning Communities 

Abstract 
College courses with a history of large enrollment sizes, such as General Chemistry, 

often rely on online homework systems to provide students with practice in applying 

new concepts to solve problems.  Online homework systems offer many potential 

advantages, including instant feedback to students, adaptive learning capability, and 

valuable data to instructors that help identify learning obstacles on-the-fly.  However, 

there does not currently exist network infrastructure that allows a global community of 

online learners to leverage this wealth of data, which may be generated from different 

online systems, in order to facilitate synchronous interactions, enable higher cognitive 

skills to be exercised, and enhance team learning in cyberspace. We have recently 

developed a framework for the creation of a new networking paradigm to build effective 

online learning communities: Academic Social Networks (ASNs).  The framework 

integrates several key components: problem template engines (PTEs) that generate 

questions or exercises that test specific learning objectives, a critical skills network 

(CSN) that established an underlying fingerprint for each problem that is generated, and 

a virtual classroom environment (VCE) that allows synchronous interactions to take 

place in order to enable problem solving and team learning in cyberspace.  These 

components act together to create an environment where students can work problems 

in order to assess mastery of specific learning objectives.  Mastery is tracked at various 

levels of difficulty that are determined by the set of required critical skills needed to 

solve each problem.  In this way, the CSN provides the foundation for which problems 

can be connected to one another, mastery of learning objectives can be tracked, and 

specific learning pathways can be analyzed. A student struggling with a problem that is 

testing a specific learning objective can reach out to the ASN to connect with other 

students that have demonstrated mastery of that learning objective at the same 

difficulty level or higher, and that have a track record at effective peer-mentoring, in 
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order to get help.  Ultimately, this framework allows for the development of a tool that 

leverages the power of large enrollments to facilitate on-demand peer mentoring and 

delivery of custom instruction at scale.  This work represents a significant advance in 

the development of novel online instructional technology that has promise to create new 

types of effective online learning communities that improve the quality of education. 

This may have a profound impact on how we connect with students enrolled in the 

growing massive open online courses (MOOCs) or those enrolled in large gateway 

courses at a university.  
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Introduction 
Each semester at the Rutgers University - New Brunswick Campus, General 

Chemistry hosts over two-thousand students, many of whom are in their first year. 

Often described as a gateway course, it serves as a requirement for the majority of 

STEM majors and pre-professional health students.153 General Chemistry is notoriously 

difficult, and traditionally sees a large percentage of students who are unsuccessful 

(e.g., either receiving a grade of D or F, or else withdrawing from the class), at least in 

their first attempt.135, 183-185 This is particularly true of female and underrepresented 

minority students.184-186 This is one of the contributing factors to the high attrition rates 

of STEM majors that are being experienced nationwide.185, 187, 188 The situation has 

become considerably challenging to address in the face of increasing enrollments for 

which institutional resources such as classrooms, labs, and instructional staff are often 

unable to keep pace.  Hence, there is great need to develop new types of infrastructure 

that offer cost-effective, scalable solutions, and new paradigms that allow the quality of 

education to improve as enrollment numbers increase. 

In this chapter, we report the first results for the development and implementation 

of a framework for creation of academic social networks (ASNs) that offer a potentially 

powerful solution to the challenge of improving the success rate and quality of 

education in large enrollment gateway STEM courses.  The implementation of this 

project took a phased approach. In the first phase, we launched an exploratory project 

to create an adaptive eLearning system for chemistry which allowed students to work 

towards a set of learning objectives, while being given some amount of guidance to help 

them achieve these goals. Learning objectives were assessed via customized problems 

delivered by Problem Template Engines (PTEs) that were driven by a network of 

chemical databases.  Each problem that gets delivered by a PTE is characterized by a 

set of elemental critical skills required for its proper solution.  The global array of 

critical skills is used to form an underlying Critical Skills Network (CSN) that allows 

problems with similar critical skill footprints to be connected to one another in a 
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meaningful way.  In the second phase, we implemented our first virtual classroom 

environments (VCEs) in order to tackle the pressing issues with our General Chemistry 

recitations. Recitations at Rutgers are meant to serve as small group learning sessions 

where concepts taught in class are applied to practical examples in an array of different 

contexts. However, due to issues regarding space and resources, student scheduling 

conflicts, transportation issues, and our ever-increasing enrollment numbers, there 

were hard limitations as to the number of students that could be accommodated in a 

given semester. In the fall semester of 2013, General Chemistry shifted to a completely 

online, virtual recitation environment. Students were able to choose their own schedule, 

attend multiple recitations per week, and receive individualized quizzes and prompt 

feedback. 

While the VCEs and eLearning systems have great potential for students in and of 

themselves, a secondary benefit comes from the tremendous amount of data collected. 

This data can be as broad or as fine-grained as desired, and includes both academic 

data, such as content knowledge and mastery, as well as statistics surrounding 

participation patterns and engagement levels in the VCEs. All of this data may then be 

summarized to a more useable form, and build upon an individual student’s profile. It 

is this profile that can help link a student to their peers, whether within their own 

classroom or not. These components culminate into our ultimate vision of the  . This 

network serves to establish a community of students who wish to share and build their 

knowledge through helping others. In the end, we anticipate that both the learners and 

the helpers of the community will reap the benefits of such interactions. 

General Chemistry eLearning System (GCeLS) 

Addressing the Need 

Homework is an opportunity for students to apply their knowledge gained from class 

and refine their problem-solving skills. Our General Chemistry students are typically 

given homework each week, to be done on their own time by a specified due date. This 

homework is given and completed via an online system, simply due to its convenience 
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when working with such a large population. All students receive the same assignment, 

regardless of their professor, consisting of pre-made questions as selected by one of our 

instructors. Because all students take the same midterm and final exams, this seemed 

like the fairest way to account for any slight differences in the way that professors 

deliver the information to their classes. However, after thinking about our students and 

their individual needs, we wondered if this method was truly ideal. What if students 

could learn the same material, but in their own way?  

Metacognition is often defined as “thinking about one’s own thinking” or the ability 

to reflect on one’s thought processes.168 Students who practice successful 

metacognition are shown to perform better.168, 189 Unfortunately, unless students have 

been explicitly taught in a way that fosters metacognitive processes, such as through 

continuous reflecting, they may lack these abilities.135, 168, 190 A common complaint our 

instructors hear come from students who claim to be putting in the time, but not seeing 

positive results on the exams or quizzes. We suspected this was not due to a lack of 

hard work, but rather the lack of efficient work. Do our students know how to study? 

Are they able to recognize what they know, what they need help with, and how to obtain 

the missing pieces? The literature – as well as our intuitions – pointed towards no.135, 191 

Our students who are struggling may be unable to monitor their thoughts and methods 

in an effective way.  

From our observations, we considered the two problems above to come up with a 

single solution. We wanted students to make their own paths towards learning, but 

because many may lack the metacognitive skills to do so, they needed some guidance. 

Ideally, we needed a system that was able to “understand” students and assess what 

they knew, while also providing a logical pathway for them to take. But before it could 

teach our students, we had to teach the system. Not only did it need to know when a 

student was wrong, but it needed to be able to pick out why the student was wrong. It 

would need to be able to bring students to a level where they could learn the missing 

concepts. Thus, everything needed to be arranged in a specific hierarchy. And of course, 
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the system needed to be appealing. It had to be simple to set up, yet customizable for 

instructors, while also engaging and user-friendly for students. With these components 

in mind, we set out to create the General Chemistry eLearning system (GCeLS). 

Approach and Development 

In the first step, the system had to contain the information needed to give and solve 

problems. Starting from essentially nothing, this was a major undertaking. Information 

had to be stored in the databases in such a way that the different components could be 

connected. For example, an element table would hold information concerning each 

element, such as molar mass, density, thermodynamic data, etc. Then a compound 

table could be linked to the element table, allowing for an automatic calculation of the 

molar mass of each compound, based solely on the elements that it contains. A 

compound table could be linked to a reactions table, and so on. While figuring out the 

best way to enter data and connect the tables was a bit of a trial-and-error process, it 

was well-worth it in the long run. Once the databases could feed off of each other, 

generating chemical equations and other calculated data could be done automatically, 

even when raw data was changed or added. This allowed for simple, automated 

construction of a problem. Figure 6.1 illustrates this organization. 

 

 
Figure 6.1. This overview of data organization shows how foundational aspects can ultimately feed into useable questions 
for students.  
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In the next step, we needed a hierarchy to arrange these problems. It was decided 

that instructors should be able to organize problems based on either the textbook that 

they are currently using, or by topic (regardless of the textbook). General Chemistry 

courses typically cover the same material, so the data would remain the same – only the 

organization would change. In the case of organization by textbook, the highest level 

would be the chapter. Chapters are typically arranged into several sections, so that 

became the next level. On the other hand, without a textbook, problems were instead 

arranged by topic first, and then by sub-topic, essentially mimicking the textbook 

model. After these two levels, the remainder of the hierarchy was identical.  

Following the two uppermost levels, we begin to dig closer into the actual material. 

At the heart of the entire system live the learning objectives. These learning objectives 

are the simplest goal that a student can achieve, which can actually be measured. For 

example, a learning objective might be: 

Student can mathematically relate theoretical, actual, and percent yield to one 

another. 

What we are trying to measure is whether or not, given two of the variables above, the 

student can solve for the third. Ultimately, our goal is to easily and accurately pinpoint 

conceptual holes, without mistaking them for underlying issues. This is the essence of 

the entire system: if the learning objectives are testing the most basic knowledge of an 

idea, then the system can determine whether or not a student knows what we want 

them to know. Of course, issues of validity will be addressed in the near future.  

While we subscribed to the notion of using learning objectives, we also recognize 

that not all learning objectives are created equally. For example, consider the following 

two learning objectives: 

Student can define kinetic energy 

Student can mathematically relate an object’s kinetic energy to its mass and 

velocity 

While the first learning objective seeks a definition, considered rote knowledge, the 

second learning objective wants to know if a student can apply that knowledge to solve 
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numerical problems involving kinetic energy. When it comes to assigning problems, we 

thought that it might be helpful to actually classify them according to these levels. 

While these issues came about naturally, Bloom’s taxonomy seemed like a perfect 

match. We opted to use the revised taxonomy, which substitutes the noun-based 

nomenclature for verbs.136 Granted, most of our learning objectives appeared to fall 

under the “Remember” or “Apply” categories, with some in the “Understand,” it has 

opened up a door for us to try and create questions that explore areas requiring higher-

cognitive abilities, and that are also suitable to our system. Not only did this 

classification help us, but we believe that making the students aware of these levels 

may prove beneficial to them as well.192 While this is certainly an area worth pursuing, 

it has not been our main focus at the moment. Rather, it is something we will continue 

to work on in our next phase.  

Once we established a set of learning objectives, the next hurdle was to translate 

them into a useable form. PTEs churn out the actual problems that students see. PTEs 

are not static, however. Within a given PTE, the problem can be manipulated. For 

example, the known and unknown variables can be swapped, such that a single PTE 

can produce two problems that ask for different variables. Alternatively, a given PTE 

could easily change the numbers and units associated with each variable. When giving 

a velocity, the system has the ability to turn out an infinite amount of numbers, in 

meters per second, miles per hour, feet per second, etc. Of course, this meant that each 

PTE had to be “told” what numbers or units are reasonable. In other cases, we had to 

define a relationship between the variables. For example, in searching for the velocity of 

an ejected electron, the value of the threshold frequency should always be less than the 

value given for photon frequency. Once these relationships and constraints were 

established, however, the system automatically followed these rules for all problems. 

While algorithmic problem manipulation has been seen before, it is still unclear 

whether or not it actually improves students’ metacognitive skills and content 

knowledge.190 Still, we thought it would be useful for students to see how the same 
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question could be asked in multiple ways, as it could help alleviate the notorious issue 

of “plug-and-chug.” Rather than pattern-searching, students would have to actually 

consider the variables at hand, and then determine the missing piece.  

Aside from manipulating a problem, the difficulty of each problem could be adjusted 

such that students need to perform extra steps to achieve an answer. A yield problem at 

the most basic level could, for example, explicitly state the actual and theoretical yields 

of a reaction in moles. To find the percent yield, students only need the relationship 

between the three variables. We needed problems that were not only more interesting, 

but could test the student at a higher level for a given learning objective. How else could 

this problem be asked, while still testing the original learning objective? 

This is where the idea of critical skills came into play. Rather than explicitly stating 

the theoretical yield, students could determine this variable by themselves from a 

balanced chemical equation and a starting amount of a reactant in moles. For this to 

happen, students must understand stoichiometric conversions. When the 

“Stoichiometry” critical skill is turned on, this is how the problem will be given. 

Alternatively, students may need to perform a grams-to-moles conversion, or balance 

the chemical equation themselves. All of these additional steps are called critical skills, 

and can be tuned to adjust a given PTE. Some PTEs have few possible critical skills, 

while others have many. As students progress in the course, critical skills may be 

added to test newer knowledge. While other online programs claim to allow for similar 

customization or randomization, our program’s design is such as that it will lead 

directly to the seamless integration with the ASN, which will be discussed later in this 

chapter. Additionally, it is through the integration of critical skills into our PTEs that 

allow for instructors to be able to customize their assignments on a very fine-grained 

level.  

Critical skills serve two main purposes, but we will only discuss the first at the 

moment. It has been shown that students commonly view chemistry as a disconnected 

series of facts, and often have difficulty applying identical skills across multiple topics.15 
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For example, students may learn stoichiometry in the chapter on thermodynamics, and 

later on in the chapter on electrochemistry, without realizing that the underlying skills 

apply in the same way. By involving the same critical skills throughout various topics, 

students may see how these skills are consistent and independent of context. It allows 

them to continually apply old knowledge to new situations, thus strengthening their old 

knowledge and forming more connections.  

This organization achieves two of our goals: to allow instructors to have as much or 

as little customization as they desire, and to allow students to be guided down a custom 

path to achieve the various learning objectives. In the first, instructors may choose to 

have their homework correspond to a particular textbook, or they can simply select the 

topics. If they wish, they can go down the list even farther, selecting by subtopic, 

learning objective, or even PTE. They may choose to exclude certain material or critical 

skills.  

On the flip side, the pathway a student takes to achieve a learning objective is 

completely dependent on what they already know. Constructivism and Meaningful 

Learning Theory rely heavily on students’ prior knowledge.7 It is thought that if we, as 

instructors, are able to get into the minds of our students and ascertain what they 

already know, we can begin to build new knowledge off of that. Realistically, this is not 

an attainable task for an instructor in such a large class. If a student begins with a PTE 

that has two critical skills turned on and they obtain an incorrect answer, our system 

will ideally be able to determine why. If the submitted answer indicates that the student 

did not balance the chemical equation, the student will return to a level in which they 

learn to balance chemical equations. Once the student proves that they understand 

that critical skill, they may return to a problem similar to the original one to solve 

again. If it is determined that the student is missing the very basics of a percent yield 

problem, they may be given a problem without any critical skills turned on to practice 

first. Typically, the system begins at an average level. If the student quickly masters a 

topic at that difficulty, then they will advance quicker. Those who struggle more will be 
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given additional problems to solve and may need to take a few steps back before being 

able to move forward. In this way, students who are well-prepared will master a 

learning objective quicker, while students who require more help are able to receive it. 

Students do not waste time on problems they can already solve, and instead spend 

more time on problems that they need help with. Two students approach the same 

learning objective from unique paths suited for their individual needs. Other programs 

report to offer similar adaptive capabilities, and we felt that this aspect was essential. 

Our program takes this adaptability one step further by using the individual student’s 

pathways to make important decisions for the student, particularly concerning their 

role in the ASN. The remainder of this chapter will begin address how these factors and 

the program’s decisions culminate into important connections that link students based 

on these unique pathways. To the best of our knowledge, other online homework 

programs do not offer these capabilities.  

Difficulty and Mastery 

As mentioned, critical skills serve dual purposes. While the first was meant to help 

the student, the second allows us to assess a student’s progress. Using these critical 

skills, we are able to test a given learning objective at different difficulty levels. Each 

question posed to a student is associated with a specific level of difficulty, and this level 

is a function of several components. For one, some topics or subtopics are inherently 

more difficult than others. Secondly, any given PTE can adjust its difficulty level by 

tuning the critical skills associated with it. As additional critical skills are added, the 

difficulty level of the problem increases. These factors go on to affect a student’s 

“Mastery Level,” a measure of how well a student knows a given learning objective, 

subtopic, or topic. Mastery is also dependent upon the expectations of the student. A 

student in an Honors-level General Chemistry course at a university is held to a higher 

standard than a high school student. Figure 6.2 illustrates this hierarchy.  
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Figure 6.2. The hierarchy of desired content knowledge centers around a learning objective, tested by the problem 
template engines and tunable critical skills, which ultimately measure a student’s mastery of the content.  

We have established an algorithm that will take all of these factors into account and 

simply inform students (and their instructors) when they have mastered a given area. In 

order for a student to master the learning objective, they must prove that they can 

complete the problem regardless of the way it is asked and of which critical skills are 

turned on. In order to maintain a mastery status, however, students will be consistently 

re-tested on the concepts that they have already completed in order to ensure proper 

retention. Failure to successfully complete the old material will result in a student’s loss 

of mastery status and the program will direct them to additional practice. If the student 

consistently and successfully retains the information, the system may re-test this 

material less often as time goes on.  

Data Collection 

In addition to providing the guidance students may require, such that they become 

more aware of their strengths and weaknesses, this online homework system produces 

an enormous amount of data. From general information like masteries to minute details 

like attempts on a single PTE, this data can be collected to help us understand more 

about the learning process and how to help those in need. Because the system is 

tracking the students, they receive immediate feedback about their progress. They are 
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able to assess their standing in a more specific way, rather than as a simple percentage 

or letter grade. Our basis for these methods are Vygotsky’s theory of zones of proximal 

development, and the related idea of scaffolding.5 Successful scaffolding has been 

shown not only to help students obtain the content knowledge, but also to build on 

their cognition and metacognition skills and encourage self-regulated learning, 

particularly for lower-achieving students.193-195 It is our hope that students not only use 

this information to solve homework problems, but also when making choices about 

independent studying. 

Instructors can analyze the data broadly or at a fine grain, and may be able to 

provide appropriate intervention when needed. This includes an email system that is 

customized to fit each student. For example, a single message can be written to address 

multiple issues. If a professor wants to single out students who have been 

procrastinating, they can write a general message sent to all those who begin their 

homework past a certain date. If they wish to target students struggling with a 

particular concept and recommend additional practice problems or another resource, 

they can. All messages can be combined in a single email, with each part only showing 

up for those students that it applies to. Thus, students who procrastinate and are 

struggling with acid-base equilibria will receive one version of the email, while students 

who are only having issues with acid-base equilibria will not receive the first part. In the 

time it takes to write one email, instructors may send out emails to the entire class that 

are customized to fit each of their personal situations. 

Virtual Classroom Environment 

Addressing the Need 

As technology improves and enrollments grow, we have seen more and more use of 

the virtual space in classrooms.116, 196 Our university was of course no exception to the 

enrollment trend, and establishing a VCE seemed like a logical next step in order to 

provide students with additional academic support. Students are comfortable working 

in the virtual space, so it only made sense to meet them where they already are. We 
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wanted to offer students the ability to form study groups, either on their own or under 

the facilitation of an instructor, which they could attend from the comfort of their own 

home and at a time convenient to them. All we needed was a platform suitable to 

communicating and working out chemistry problems. Equipped with a talented team of 

programmers and the support of the department, we made the push towards 

establishing our own system of VCEs. 

Implementation 

To start, it was of utmost importance that the system be user-friendly to both the 

students as well as the instructors. Most of the instructors, if not all of them, had 

previously only held physical, in-person class sessions. Learning to interact with 

students in a virtual setting after being conditioned to traditional teaching comes with a 

bit of a learning curve. To complicate this by using a clumsy, intricate system would 

surely be one way to lose the faculty’s support. Instead, we focused on finding a system 

that would best mimic an actual classroom, with straight-forward tools and commands.  

With a similar mindset for the students’ side, we needed to ensure that there was 

first and foremost, no loss of learning. We considered all of the necessary operations of 

a smoothly-running classroom, and brainstormed ways in which we could implement 

these same components in a virtual setting. While we anticipated that the students 

would be relatively tech-savvy, we also knew that we could not make this assumption 

for all students. Not only did the system have to be straight-forward to use for the 

instructors, but the students had to learn how to use the system as well. Coupling this 

with the wide variety of possible laptop/computer settings, operating systems, and 

browsers, it was clear that the system needed to also be accommodating. In the end, the 

decision was made to create our own, in-house web-based application for the job. 

Students would need to have a steady internet connection and create their own 

account; however, they would not need to install any software or purchase extra 

equipment, aside from a few routine computer updates and a particular (free) internet 
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browser. By creating our own system, it provided the flexibility needed to customize the 

settings to suit the needs of our classroom.    

For a functional VCE, there were a few basics that we needed – namely a space to 

work out problems and a means of communication. We created a virtual white board 

that would allow the students or the instructor to write on just as they would on a 

normal chalk board or piece of paper, while others could watch in real-time. We offered 

a variety of pens and highlighters, as well as the ability to insert text and create or 

delete additional white boards. In a study group, students could have their own private 

whiteboard to work out problems, as well as a public board that everyone could see. 

Students can hear one another speaking through a microphone, and have the ability to 

see others via a webcam if they choose to. In this way, students can see and hear one 

another while simultaneously watching the white board, just as in real life. This lends a 

personal touch to the system that can easily be lost in a virtual space. If students wish 

to type to one another instead, we created a chatbox that allows them to do so. 

Once we took care of the basics, our aim was to facilitate group work as much as 

possible. By creating an interface with GCeLS, students could import problems on any 

topic into their study group. Rather than having to search for a problem and type it out, 

this could be done quickly and easily. Likewise, because of the way the system is 

designed, each problem generated was unique. A group could now work together to 

solve novel problems. 

Chemistry Interactive Problem-solving Sessions (ChIPS) – An Alternative to Recitations 

Like most large universities, Rutgers General Chemistry is divided up between two 

semesters. Although most students take the first semester in the fall and second 

semester in the spring, a few hundred students do end up enrolling in the “off-

sequence” courses each semester for a variety of reasons. This totals around 2,000 

students taking General Chemistry at a time. In years past, General Chemistry 

students had to register for a specific lecture time, which was linked to a particular 

recitation slot. The large numbers, combined with the inflexibility of registration and 
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limited space often led to overcrowded recitations, delayed registration, and the turning 

away of students from the course. Those turned away were forced to either take the 

class during the summer, a costly option for many, or fall behind in their program’s 

curriculum. It was clear to the faculty that a change had to be made, but how to go 

about implementing any type of reform was not so evident. The solution had to be 

flexible, while still providing sufficient academic support for the course. At the same 

time, we had just begun to use the VCEs that we developed. Perhaps this was perfect 

timing! 

In the fall semester of 2013, we launched our Chemistry Interactive Problem-solving 

Sessions (ChIPS) in lieu of our previous, traditional recitations. At the core, the 

operations of our VCE did not change much to accommodate these new recitations. 

Instructors still had a white board, equipped with the same writing tools. The main 

difference, however, is that the students could not write on the white board. Being that 

there was virtually no limit to the amount of students who could attend, giving them the 

ability to also write alongside the instructor would be, at best, distracting. Instead, the 

instructor runs the show. It is his or her face that is recorded while speaking, and the 

students watch and listen. Students could still type their questions or comments into a 

chatbox, or record their voice to be played at the instructor’s discretion. Because the 

system had already been interfaced with eLearning, it was simple to give students 

quizzes at the end of each session. GCeLS could randomly generate a unique quiz for 

each student, based on the material discussed during class.   

The boundaries for recitation do not stop with the basic VCE features, however. 

While students are seemingly watching the white board while the professor speaks, 

what they are actually seeing is the instructor’s screen. If the instructor decides to step 

out of the recitation’s web browser, the students will see this as well. Instructors took 

advantage of this by showing students videos of chemical reactions or molecular 

modeling simulations. Taking this a step further, we implemented the Glass Pane 

feature, which allows the instructors to actually annotate any web page, image, video, 
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or document that they pull up on the screen, using a pen tool. Essentially, a virtual 

glass pane is placed over the screen and can be written on – a useful feature that 

cannot be found in a traditional classroom. Not only could instructors pull up other 

web pages, but they could write directly on top of the web page to edit or highlight 

something important with ease. To the best of our knowledge, this could not be done 

with other live-streaming applications. This eliminated the need for additional 

equipment, such as a projector or tablet, and could be done directly on an instructor’s 

laptop. 

As the first semester progressed, the technology team welcomed feedback and 

quickly implemented updates to improve the quality of the recitations. For example, 

instructors wanted to be able to use PowerPoint slides during their recitations. This is 

useful for showing diagrams and reference tables, pulling up lecture slides, or even just 

importing pre-made practice problems. Instructors can still approach their recitations 

in their own way, and many of them prefer to prepare material ahead of time to pull up. 

This feature allows them to do so, to the extent that they wish. Next, the team made 

some improvements to the chatbox. Useless words and phrases, such as greetings or 

unrelated chatter, are filtered out. This ensures that the important text, such as a 

question for the professor, is not pushed to the bottom of the queue. A polling feature 

was implemented to allow instructors to ask for a “quick show of hands,” when asking 

questions. Students could select their option and the results are shown immediately on 

the screen. Feedback was not limited to instructor needs, however. As a request from 

students, the actual white boards from recitations were able to be saved and uploaded 

as images on the course website. This way, students no longer need to rush to copy 

notes. Instead, they could focus on watching and listening to the instructor, while 

referring to the notes at a later time. Each of these changes, along with some other 

minor developments, arose simply through feedback from users on both ends.  Our 

technology team was not only receptive to these changes, but they were able to 

implement any requests very quickly. 
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Benefits of the Virtual Classroom Environment 

Even after the first semester, both the students and the instructors began to see the 

benefits of the online structure of recitations. Students are able to pick any recitation 

they wish to go to on a weekly basis, often determined by their schedule. They are not 

attached to a designated recitation and thus the issues surrounding scheduling and 

make-up classes have virtually been eliminated. Students can attend multiple 

recitations each week, and they are allowed to retake quizzes for an improved score. 

This is a feature only made possible by the instant feedback that they receive. In the 

past, students would wait at least a week to receive their quiz scores back. In a fast-

paced course like General Chemistry, one week can be much too late to seek help, as 

topics change quickly and build upon one another. We have found from our own 

experiences that some students will attend multiple recitations, even if their original 

quiz scores were satisfactory, leading us to believe they were intrinsically motivated to 

do so. Some students have a preference for certain instructors, and they, too, benefit 

from being able to choose their recitations each week. The students are able to attend 

these recitations from the comfort of their homes, dorms, or anywhere else with an 

internet connection. For the commuters, this can come in handy, particularly during 

inclement weather.  

On the flip side, instructors also had positive comments for our team. The chatbox 

does not disclose a student’s name, offering some anonymity. Instructors have often 

commented about the increase in participation, and we believe it is because students 

feel more comfortable speaking when others cannot see or identify them. It has been 

shown on occasion that there are gender gaps in traditional classroom participation, 

with female students participating less and being treated differently by instructors 

compared to their male counterparts.196 Online learning may be a way to close such a 

gap. Instructors no longer have to create or grade quizzes each week, as they are 

automatically generated and graded, which allots them more time to devote to preparing 

their recitations. During this preparation, the options are endless and more easily 
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facilitated compared to a regular classroom. Instructors can pull up lecture slides, write 

on a white board, go to a video demonstration, and open up practice problems in a 

matter of seconds. There is no pause between writing on a white board, setting up a 

projector, and going back and forth between the slides and board, as there is in a 

traditional classroom. Coupled with the higher levels of interaction, instructors have a 

better flow in their classroom and the learning process is more continuous.  

The Big Picture – Tying it All Together 

The Critical Skills Network 

We have already defined critical skills and their main purposes in aiding student 

learning. They help connect previously-mastered concepts to newer ideas, such that 

students are able to get a feel for the “big picture.” However, the critical skills 

themselves can be connected to one another, creating the Critical Skills Network (CSN). 

Figure 6.3 gives an example of one such network. Within the CSN, a single critical skill 

may be connected to only one other critical skill, as a result of a hierarchy, or it may 

combine with one or more other critical skills to produce additional ones. Such a 

network comes into play when determining a student’s mastery and future goals. 

However, the CSN also plays a crucial role in helping us to understand how to connect 

our students to one another, creating a meaningful network of student-student 

interactions.  

 
Figure 6.3. A small section of the critical skills network demonstrates how individual critical skills connect with one another 
or build further. 



149 

 

 

The Academic Social Network – The Incentive 

In the Rutgers Chemistry Department, we run a teaching internship program for 

General and Organic Chemistry. This program is based off of the peer leadership model, 

in which former students facilitate learning with current students. While unique to 

Rutgers, it does share similarities with the Peer-Led Team Learning model, as well as 

other models founded on peer mentorship.197 From our own experience with the 

teaching interns (TIs), we have seen the positive effects on both the students and the 

interns themselves. The interns have reported that they receive great enjoyment out of 

helping others, and the students ideally have someone more “on their level” to help 

explain the material. In addition to the TI program, we run a popular group on a social 

media website that allows students in the course to communicate with each other. They 

often ask questions and other members will reply with help. While the site sees a great 

deal of traffic each day, it became clear that perhaps it is not ideal for working with 

chemistry problems. Students are limited to “abc” text, they cannot write equations or 

draw molecules, and often times, the communication is asynchronous. Likewise, the 

group is limited to only students in this specific course. These obstacles prompted us to 

wonder if there was a way to combine the social aspects of the online site with 

technology and data in order to create what we termed an academic social network 

(ASN).  

The social incentives for the network already exist for many of these students. They 

enjoy helping one another solve problems, and they spend some portion of their day on 

social media websites (some students spend more time than others!). Meeting them in 

their own world, where they are already comfortable, seems like a logical fit. Likewise, 

between the quizzes given during recitation and the online homework system, we had 

access to potentially an incredible amount of data. What if this data could be used to 

link students together? How well a student performs on a given topic or even a given 

learning objective becomes a part of their individual profile. The time of day that they 

work on their homework becomes a part of their individual profile. Their level of study, 
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location in the world, etc., could all potentially become a part of an individual’s profile. 

Implementing a peer rating system as to how helpful they have been in the past can 

also shape their profile. This way, whether a student is stuck on a titration problem at 

10:00 AM on a Monday morning or an electrochemistry problem at 3:00 AM on a 

Wednesday morning, they can be linked to someone who can help them.   

The next step would be to provide students with a platform that is more suitable to 

the context of academia and solving problems that require text, images, and 

mathematical equations. What better than using our own VCE as the foundation for the 

ASN? Students can form study groups on their own, or join other study groups in 

progress. All communication is synchronous, which may be appealing to those who are 

experiencing some frustration with a problem or concept that they cannot get past. This 

is in stark contrast to forums, in which students post a question and wait for someone 

(who may not be knowledgeable or helpful) to answer. Currently, most online discussion 

takes place in the form of asynchronous communication.198-200 While this has been 

proven to provide various benefits when used as a course enhancement, including 

creating a sense of community,  we believe the synchronous route will be more efficient 

and lessen the sense of “distance” in distance learning. Some studies have focused on 

the employment of synchronous learning, and while successes are evident, common 

issues are the need for additional equipment, the loss of personability, and inflexibility 

of use.201, 202  These issues are alleviated with our system, as everything is run as an 

online web application, eliminating the need for software, students can see each other if 

they choose to, and students have the ability to type, speak, or draw on whiteboards in 

order to maximize flexibility in communication. 
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Figure 6.4. The various components of the Academic Social Network 

Figure 6.4 summarizes the various components that feed into the ASN. The ASN is 

an invaluable tool for connecting students to one another. Our eLearning system 

provides the content knowledge and ability to measure a student’s success and areas of 

improvement based on a network of critical skills. The virtual classroom environment 

currently in place allows students to communicate with one another, or an instructor, 

in an environment that they feel comfortable in, with tools necessary to facilitate 

learning chemistry. As far as social networking goes, students are already active in that 

field on their own, providing all the incentive needed. The ASN connects all three of 

these elements and has the potential to revolutionize the way we conduct online 

learning and collaboration in the classroom. But the possibilities stretch farther than 

that. Professors have the ability to give massive review sessions that can both be 

synchronous, with live students in attendance, as well as recorded for those who could 

not join to watch later. Massive Open Online Courses (MOOCs) have gained traction 

lately for offering free education to anyone in the world with an internet connection. 

Students enrolled in one of these courses can use the VCEs to attend learning sessions, 

and then turn to the ASN for additional classroom support from their peers.  
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Letter of Advanced Notification of Research Study – General Chemistry 
Students, IRB #15-813 
 

Dear Student, 

You are invited to participate in a research study that is being conducted by Emily 

Atieh, Dr. Mary Emenike, and Dr. Darrin York in the Department of Chemistry and 

Chemical Biology at Rutgers University. The purpose of this research is to determine 

how students in the course experience general chemistry, learn content in online and 

in-person learning environments, interact with online course components, and prefer to 

receive extra help, through office hours, review sessions, study groups, or other means. 

  All students in the course will be invited to participate in the study, and all 

students who agree to participate will have their data included in the research study. 

Up to 2,000 subjects will participate in the study each semester, and each individual's 

participation will last approximately two semesters (about 30 weeks), or the entirety of a 

participant’s time in General Chemistry I and II. Participants can choose to withdraw 

their consent at any time. 

The study procedures include the following: 

1. Participant completing a short survey to obtain basic demographics information 

and self-reported study habits (Approximately 2 minutes) 

2. A second survey that asks about your views towards chemistry, to be given at 

the very beginning of General Chemistry and also at the end. There are no right 

or wrong answers to these statements. (Approximately 10 minutes) 

3. A third survey regarding study habits 

4. Research team obtaining physical/paper sign-in sheets from in-person 

recitations, office hours, workshops, review sessions, and study groups,  

5. Research team obtaining electronic reports of attendance at and participation in 

online recitations, virtual office hours, and online review sessions 
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6. Research team obtaining General Chemistry assessment records, including 

homework, quiz, and exam records 

Participation in this study is voluntary. You may choose not to participate, and you 

may withdraw at any time during the study procedures without any penalty to you. You 

may do so by contacting any member of the research team by phone, email, or in 

person. In addition, you may choose not to answer any questions with which you are 

not comfortable. If you have questions about your rights as a participant or any aspect 

of the study, you can contact Rutgers’ Institutional Review Board for the protection of 

human subjects. 

I have attached two consent forms: one for general consent to take part in the study, 

and one to consent to being audio-recorded. Please look these forms over carefully, and 

if you have any questions or concerns, please feel free to contact me by email, or we can 

arrange a personal meeting or phone call if you would prefer. I will attend all General 

Chemistry lectures during the first week of class and answer any additional questions 

you may have. Following your first homework assignment, you will be asked to make a 

decision whether or not to consent to the study. 

Thank you for your time and I look forward to beginning this semester! 

Sincerely, 

Emily  
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Letter of Advanced Notification of Research Study – TIs, IRB #15-814 
 

Dear Interns and Pedagogy Students, 

I hope this email finds you well as you begin to prepare for this semester! As you 

may or may not already know, I am a graduate student in the Rutgers Department of 

Chemistry and Chemical Biology. This coming semester, I am conducting a research 

study on both the teaching internship, as well as the certificate program. While I have 

several goals for this long-term project, my main interests include examining how the 

internship and certificate program affect those who participate, and how it fits into the 

Chemistry Department. 

The research project involves several components, including observations, 

interviews, audio recordings, surveys, and the gathering of personal information such 

as declared majors, GPAs, and individual course grades. Not every participant will be 

involved in all components.  

There are four important things you should know about this study: 

1. The study is confidential. This means that all of the data collected will be 

private, and no one outside of the research team will ever be able to link any 

data collected about you to your identity, even if the research is eventually 

published. This includes professors and instructors, aside from my Research 

Adviser Professor Darrin York.  

2. Once the audio-recording has been fully transcribed, the audio file will be 

permanently deleted.  

3. You may opt out of the study at any point in time, even if you have already 

chosen to consent, and all previously collected data will be permanently deleted. 

4. Your decision to consent or not consent will have absolutely no bearing on any 

decisions that I make in the class, particularly regarding your grades and 

standing in the class. 



158 

 

 

I have attached two consent forms: one for general consent to take part in the study, 

and one to consent to being audio-recorded. They contain more details about the study, 

including what data will be collected and how it will be safeguarded. Note that you may 

consent to one form, and not the other.  

Please look these forms over carefully, and if you have any questions or concerns, 

please feel free to contact me by email, or we can arrange a personal meeting or phone 

call if you would prefer. 

I will discuss this study during our first meeting of the semester, and answer any 

additional questions you may have. At that point, you will be asked to make a decision 

whether or not to consent to the study. Thank you for your time and I am looking 

forward to starting this semester with you! 

Sincerely, 

Emily  
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Appendix B| Course Documents for the Teaching 
Internship and Certificate in Chemistry Education 
Program 

Sample Questions for Interviewing New TI/CCE Applicants 
 

Part I 

3 minutes 
The box below lists six qualities or assets. In your groups, rank them from most important 
quality to least. Also think of one essential quality that is not listed. Be prepared to discuss 
your conclusions with the audience.  
 
 
 
 

 

 

Part II 

10 minutes 
Analogies are often used in teaching and education, as they connect what we already 
know to what we don't know. Come up with an analogy for any topic in General 
Chemistry that you could actually use to help someone understand that topic. You 
should consider the pros and cons of the analogy as well (How do the pieces 
connect? Where does the analogy fail? Etc.) 

 

Part III 

5 minutes 
You are in a workshop with another TI, and while you are walking around, you hear them 
give a student some information that you don’t believe is correct. The student wrote it down 
in their notes. What do you do? 

Communication Content Knowledge  Humility 
Confidence  Conflict Management Perseverance 
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Protocol for Interviewing New TI/CCE Applicants 
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Sample Lesson from the Teaching Internship Program 
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Syllabus for Introduction to Chemistry Education 
 

Introduction to Chemistry Education (CHEM 387) 
Fall 2017 Course Schedule 

 
 
Instructor: Emily L. Atieh 
Office: _____________________ 
Office Hours: Wednesdays 10am-12pm or by appt. 
Phone: _____________________ 
Email:  _____________________                                
Meeting Time/Location: F 1:40-3:00PM, SEC 217 
 

 
COURSE SCHEDULE 
The schedule below provides a list of topics for the entire semester. Note that changes 
may be made during the semester to accommodate for inclement weather or other 
unexpected occurrences. All readings and other assignments are due before coming to 
class. In other words, students should read the select papers by the date listed in the first 
column. 
 

Date Topics Due 

9/08 
Introduction to 
Course 

None 

9/15 Classroom Discourse 

Readings: 
1. Knuth, R., Peressini, D., (2001). Unpacking the Nature of 
Discourse in Mathematics Classrooms. Mathematics 
Teaching in the Middle School, 6, 320-325. 

9/22 
Meaningful Learning 
& Constructivism 
Neural Networks 

Readings: 
1. Bretz, S.L., (2001). Novak’s Theory of Education: Human 
Constructivism and Meaningful Learning. Journal of 
Chemical Education, 78, 1107-1116. 
 
2. Zull, J. E. (2002) Chapter 5: What We Already Know, The 
Art of Changing the Brain (pp. 91-110). Sterling, VA: Stylus 
Publishing. 

9/29 
Alternate 
Conceptions 

Readings: 
1. Zull, J. E. (2002) Chapter 7: Only Connect!, The Art of 
Changing the Brain (pp. 111-126). Sterling, VA: Stylus 
Publishing. 
 
2. Mulford, D.R., Robinson, W.R., (2002). An Inventory for 
Alternate Conceptions among First-Semester General 
Chemistry Students. Journal of Chemical Education, 79(6), 
739-744. 

10/06 
Multiple 
Representations 

Readings: 
1. Johnstone, A.H., (1991). Why is science difficult to learn? 
Things are seldom what they seem. Journal of Computer 
Assisted Learning, 7, 75-83. 
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2. Gabel, D. (2005). Chapter 7: Enhancing Students’ 
Conceptual Understanding of Chemistry through 
Integrating the Macroscopic, Particle, and Symbolic 
Representations of Matter. In N. J. Pienta, M. M. Cooper, T.J. 
Cooper (Eds.), Chemists’ Guide to Effective Teaching (pp. 
77-87). Upper Saddle River, NJ: Pearson Prentice Hall. 
 

10/13 
Analogies in 
Teaching 

Readings: 
1. Glynn, S.M., Duit, R., Thiele, R.B., () Chapter 11: Teaching 
Science with Analogies: A Strategy for Constructing 
Knowledge. (247-260). 
 
2. Zull, J. E. (2002) Chapter 7: Only Connect!, The Art of 
Changing the Brain (pp. 127-130). Sterling, VA: Stylus 
Publishing. 
 
3. Orgill, M., Bodner, G. (2005). Chapter 8: The Role of 
Analogies in Chemistry Teaching. In N. J. Pienta, M. M. 
Cooper, T.J. Cooper (Eds.), Chemists’ Guide to Effective 
Teaching (pp. 90-102). Upper Saddle River, NJ: Pearson 
Prentice Hall. 

10/20 
Metacognition & 
Reflection 

Readings: 
1. Rickey, D., Stacy, A.M., (2000). The Role of 
Metacognition in Learning Chemistry. Journal of Chemical 
Education, 77(7), 915-920. 
 
2. Zull, J. E. (2002) Chapter 9: Waiting for Unity, The Art of 
Changing the Brain (pp. 153-175). Sterling, VA: Stylus 
Publishing. 

10/27 
Cooperative 
Learning and Group 
Discussions 

Readings: 
1. Johnson, D. W., Johnson, R. T., (1992). Implementing 
Cooperative Learning. Contemporary Education, 63(3), 
173-180.  
 
2. Mahalingam, M., Schaefer, F., Morlino, E., (2008). 
Promoting Student Learning through Group Problem 
Solving in General Chemistry Recitations. Journal of 
Chemical Education, 85(11), 1577-1581. 
 
3. Towns, M. H., (1998). How Do I Get My Students to 
Work Together? Getting Cooperative Learning Started. 
Journal of Chemical Education, 75, 67-69. 

11/03 
Case Study – 
Classroom Dynamics 
and Reform 

Readings: 

Group 1: Mooring, S.R., Mitchell, C.E., Burrows, N.L. (2016). 
Evaluation of a Flipped, Large-Enrollment Organic 
Chemistry Course on Student Attitude and Achievement. 
Journal of Chemical Education, 93, 1972-1983.  
 
Group 2: Hein, S.M., (2012). Positive Impacts Using POGIL 
in Organic Chemistry. Journal of Chemical Education, 89, 
860-864. 
 
Group 3: Hockings, S.C., DeAngelis, K.J., Frey, R.F. (2008). 
Peer-Led Team Learning in General Chemistry: 
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Implementation and Evaluation. Journal of Chemical 
Education, 85(7), 990-996. 
 
Group 4: Kelly, O., Finlayson, O. (2009). A Hurdle Too 
High? Students Experience of a PBL Laboratory Module. 
Chemistry Education Research and Practice, 10, 42-52.  

11/09 
Case Study – 
Learning Cycles 

Readings: 

1. Zull, J. E. (2002) Chapter 2: Where We Ought to Be, The 
Art of Changing the Brain (pp. 13-28). Sterling, VA: Stylus 
Publishing. 
 
2. Etkina, E., Van Heuvelen, A., (2001). “Investigative 
Science Learning Environment: Using the process of 
science and cognitive strategies to learn physics.” 
Proceedings of the 2001 Physics Education Research 
Conference, 17-20.   

11/17 
Case Study – 
Epistemology 

Readings: 

1. Mazzarone, K.M., Grove, N.P., (2013). Understanding 
Epistemological Development in First- and Second-Year 
Chemistry Students. Journal of Chemical Education, 90, 
968-975. 

11/22*
(Wed) 

Teaching 
Philosophies 

None 

12/01 
Case Study – 
Metacognition in 
Practice 

Readings: 

1. Cook, E., Kennedy, E., McGuire, S.Y. (2013). Effect 
of Teaching Metacognitive Learning Strategies on 
Performance in General Chemistry Courses. Journal 
of  Chemical Education, 90, 961-967.  

12/08 Class Presentations! 

*Change in designation days, Wednesday 11/22 – go to Friday classes! 
 

 
 

ASSIGNMENT AND DUE DATES 
 
Below is a table of all assignments and due dates. For each (except the midterm) there 
will be a document in the Resources with instructions. For the midterm, the instructions 
will be given on the actual midterm itself.  
 
All Class Due Dates: 

Assignment Notes Due Date 
Goals • Submit via Assignments on Sakai 

• See rubric and instructions for details 

Sun 09/15; 11:59pm 

Paper I • Submit via Assignments on Sakai 

• See rubric and instructions for details 

Sun 10/22; 11:59pm 

Midterm • Submit via Tests/Quizzes on Sakai 

• Please read the instructions VERY 

carefully 

Open: Sun 10/30; 8:00 pm 
Close: Sun 11/06; 11:59pm 
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Paper II • Submit via Assignments on Sakai 

• See rubric and instructions for details 

Wed 11/22 11:59 pm 

Discussion 
Leadership 
Project 

• Submit via Assignments on Sakai 

• See rubric and instructions for details 

Submit: Thurs 12/07; 
11:59pm 
Present: Fri 12/08 in class 

 
 
Honors Due Dates: 

Assignment Notes Due Date 
Honors Topics • See list of possible topics 

• Submit top 3 choices in class 

• Only for students taking Honors 

credit OR Extra credit 

Fri 10/21; in class 

Honors Presentation • To be presented at our last 

meeting 

• See Honors folder for 

instructions 

TBD 

Honors Lit Review • To be handed in at the time of 

your presentation 

• See Honors folder for 

instructions 

TBD 
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