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Class discussions have been shown to provide numerous benefits to undergraduate 

science students, including fostering the development of critical thinking and 

communication skills, enhancing student understanding of course topics, and correcting 

misconceptions.  While they are effective pedagogical tools for undergraduate science 

classrooms, special attention must be given to structuring class discussions in a manner 

that accomplishes the aforementioned goals, while at the same time providing students 

with interesting and challenging discussion topics that foster their learning both inside 

and outside the classroom.  This report describes the manner in which classroom 

discussions were used in a semester-long, introductory biology classroom, and provides 

specific examples of discussions used to enhance student learning.  While discussions are 

not a new pedagogical technique, literature on techniques for structuring effective 

discussions in undergraduate STEM classes remains elusive.  The goal of this report is to 

present a framework which can be used by instructors to formulate more fruitful and 

lively discussions among students.  To encourage participation and preparedness among 

students in the class, discussions were structured using a multi-step plan.  Students first 

completed individual readings and assignments outside of class.  Students then worked in 

small groups to complete a new, more complex task.  Finally, students shared the results 

of their small group activities with the class to foster discussion involving the entire class. 
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Structuring Effective Class Discussions in Undergraduate STEM Classes:  

Examples from an introductory biology course 

 
 Instructors teaching undergraduate STEM (Science, Technology, Engineering, 

and Mathematics) courses face the difficult task of providing students with foundational 

knowledge spanning a number of intricate and complicated topics, while at the same time 

instilling in students a sense of motivation and intrigue in their learning. This is 

especially true for lower-level undergraduate courses (e.g., BIO101).  The multitude and 

depth of topics that must be covered in a short period of time often results in STEM 

instructors relying heavily on lecture-based pedagogy.  However, research has shown that 

STEM students learn best when instructors vary their pedagogical approaches and 

cultivate a learning environment conducive to promoting lifelong learning among 

students (Hodges, 2015).   

 Instructors teaching introductory biology courses (e.g., BIO101) face the difficult 

task of providing students with a knowledge base spanning a number of complicated and 

abstract biological processes (e.g., photosynthesis, cellular respiration, evolution, etc.).   

Because of the many difficult processes that must be covered during the course of a 

single semester, instructors are often tempted to focus solely on pedagogical approaches 

that allow them to fit the required course concepts into a semester’s worth of class 

meetings.  This attitude results in classrooms that are centered on lecture-based 

pedagogy, rather than pedagogical approaches that encourage active participation among 

students.  Indeed, introductory biology courses have been criticized for encouraging 

students to perform rote memorization of a large number of biological facts and 

definitions picked up during lectures, while de-emphasizing the development of 
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important scientific skills, such as critical thinking and communication skills acquired 

during active learning processes (Momsen et al., 2010; Kim et al., 2012).    

 The literature on the scholarship of teaching and learning is ripe with studies 

attesting to the efficacy of active learning in undergraduate STEM classrooms (e.g., 

Knight & Wood, 2005; O’Connor, 2013; Pai et al., 2015; Misseyanni et al., 2016).  In 

particular, class discussions have been shown to be effective tools that address many of 

the pedagogical challenges of undergraduate STEM classrooms.  Instead of emphasizing 

rote memorization, properly structured class discussions have been shown to foster 

critical and creative thinking among students in STEM courses (Kim et al., 2012; Lee, 

2013; Hodges, 2015).  Additionally, class discussions help instructors uncover and 

correct student misconceptions that would not surface during traditional lecture 

approaches (Tran et. al, 2014).   Class discussions can also be used as an alternative to 

oral presentations to build “soft skills” including teamwork and effective communication. 

 While the use of class discussions in STEM courses is not in itself novel, 

relatively little attention has been given in the literature towards providing instructors 

with specific ways to structure discussions to maximize student preparation and 

engagement.  Despite the obvious pedagogical advantages of discussions for STEM 

students, discussions can be difficult to structure in a manner conducive to student 

learning and participation (Michaelsen et al., 1997).  Educators who have attempted to 

use class discussions unsuccessfully will likely be familiar with the “awkward silence” 

that often accompanies discussion activities (Boniecki & Moore, 2003; O’Connor, 2013).  

This silence represents the manifestation of two common phenomena in undergraduate 

classes.  First, many shyer students are intimidated by the prospect of speaking their ideas 
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and opinions in front of the entire class.  While one of the major objectives of every class 

discussion is to encourage participation by everyone, one or a few students often 

dominate class discussions, reducing the rest of the class to the role of onlookers 

(Fassinger, 1995).  Second, students often view discussion activities as a “free class”, for 

which they do not have to prepare.  This leaves students with nothing of substance to 

share aloud when asked.  Unprepared students have not taken the time to synthesize the 

information being discussed in a manner sufficient to develop sharable ideas and 

opinions, and thus either remain silent or steer the discussion on tangents (Michaelsen et 

al., 1997). 

The goal of this report is to disseminate a novel method of structuring in-class 

discussions that helps alleviate the aforementioned shortcomings and create discussion 

atmospheres that are more fruitful and conducive to student engagement.  To help correct 

the aforementioned problems when implementing class discussions, instructors must 

provide a defined framework for students to use in preparation for discussions. To 

encourage student participation, class discussions must first and foremost present 

engaging and interesting topics that link course materials with the interests of students.  

Interesting discussions topics are those that challenge and encourage students to build 

upon their previous knowledge (Michaelsen et al., 1997).  This approach encourages 

students to apply course concepts to new situations, which is a foundational goal of all 

undergraduate STEM classes.  Secondly, discussions must include (1) pre-discussion 

assignments to help students prepare for the discussion, (2) challenging in class 

assignments to encourage group collaboration, and (3) post-discussion reflection 

questions that help students conceptualize what was covered in the discussion and link 
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the discussion materials back to course topics previously covered.  This framework for 

class discussions encourages the participation of all students in the class, since every 

student will have to participate in some way. In this report I describe a series of 

discussion activities that were conducted using this model in an introductory biology 

class at a two-year, associate degree-granting college.  The discussions presented were 

part of a larger subset of discussions carried out during a single semester course.  The 

discussions help students expand on fundamental course concepts for introductory 

biology, including photosynthesis, the biology of viruses, evolution, and the molecular 

basis of life. 

 

Class Demographics 

The discussion activities presented in this report were conducted in the first 

course of the major’s Biology sequence at a two-year, open enrollment college located in 

the Midwestern United States of America.  Class sizes for the course were capped at 24 

students.  Although the activities described here were used in relatively small classes, the 

activities could easily be used in large-enrollment classes by creating more groups and 

through the assistance of teaching assistants.   

 

Goals of Classroom Discussions 

 Each class discussion was designed around the seven core goals presented in 

Table 1.  The goals were divided into three categories.  “Concept-based” goals were set 

to develop a deeper understanding of the specific topic of the discussion (e.g., 

photosynthesis).  “Soft-skill” goals were set to encourage the development of important 
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skillsets for success in various scientific careers (e.g., communication skills).  

“Enjoyment” goals were set so that discussion activities provided students with a fun 

learning environment.  These goals were not shared with the students. 

 
Table 1. Goals of Class Discussion Activities 
Concept-Based Goals 
1. Solidify and increase student understanding of important course concepts. 
2. Apply course concepts to real life situations. 
3. Uncover and correct student misconceptions of course concepts. 
4. Encourage students to develop their own conceptions of course materials. 
 
Soft-Skill Goals 
5. Encourage the development of critical thinking, teamwork, and communication skills. 
 
Enjoyment Goals 
6. Increase student interest in the topics covered in class. 
7. Encourage students to have fun in the learning process. 
 
Pathway of Discussions 

 In order for class discussions to be worthwhile and engaging, students must 

possess sufficient background knowledge on the topic and enter the discussion prepared 

to participate.  Additionally, many students tend to be actively engaged and participate in 

small group discussions but not in whole class discussions.  Figure 1 shows the 

chronology of events used for each discussion conducted in order to encourage 

preparation and participation among all students in the class.  This approach proved 

beneficial to the overall quality of the discussions because (1) it enticed participation by 

everyone in the class, including shy students, and (2) students came to the discussion with 

answers to discussion questions written out and ready to share. 
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Examples of Classroom Discussions for Introductory Biology Students 

 The following discussions were used, among others, during a semester long series 

of in class discussions.  The discussion topics match those that were covered in class, but 

expand upon those topics to encourage critical and creative thinking among students.  

The goals of the discussion, student learning outcomes, background material given to 

students, preparation materials, and in-class activities are provided for each discussion 

example. 



 
Tran  Structuring Effective Class Discussions      8 
 

 8 

 
 



 
Tran  Structuring Effective Class Discussions      9 
 

 9 

 



 
Tran  Structuring Effective Class Discussions      10 
 

 10 

 



 
Tran  Structuring Effective Class Discussions      11 
 

 11 

 
 
 
 
 



 
Tran  Structuring Effective Class Discussions      12 
 

 12 

Conclusions 

The discussions presented here all followed the same chronology of events that 

aided in the success of the in-class portion of the discussions.  By allowing students to 

adequately prepare for the discussion ahead of time, the actual in-class portions of the 

discussions were more fruitful and largely devoid of the “awkward silence” that is often 

associated with class discussions.  Students were given time and encouragement to 

develop their own conceptions of the topic and formulate their own questions, which 

could then be shared with their discussion group and the class as a whole.  One of the key 

components leading to success with discussion activities was having students work in 

small groups (3-5 students) on a task at the start of the in-class discussion.  This allowed 

students to apply their background knowledge to new, complex situations, and 

encouraged shyer students to participate.  

Student opinions of the class discussions presented in this report were 

qualitatively assessed through the analysis of post-semester student reviews of the course 

and informal conversations between the instructor and students throughout the semester.  

Post-semester reviews of this course over two separate semesters showed that many 

students viewed the discussion activities in a positive light.  A number of students 

indicated that the discussions (1) were their favorite part of the course, (2) helped them 

learn the lecture topics better, and (3) increased their interest in the course topics.  These 

positive reviews by students suggest that they enjoy class discussions and that the 

discussions can have positive impacts on their learning.  This sentiment was echoed 

during informal conversations between students and the instructor of the course.  One of 

the most positive outcomes of the discussions was the observation that the discussions 
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would often be self-sustaining, with students interacting with each other by asking and 

answering their own questions with little need for guidance or steering from the 

instructor.   

 The efficacy of the discussions at enhancing student performance or knowledge-

retention was not formally assessed.  However, previous studies attest to the effectiveness 

of discussion activities in STEM courses for the development of critical thinking and 

other important skillsets for science majors (Kim et al., 2012; Lee, 2014; Pai et al., 2015).   

While outside the goals of this report, quantitative assessment of the effectiveness of 

these discussions is possible in the future by comparing assessment outcomes (e.g., exam 

grades, final grades, etc.) and critical thinking development between sections exposed to 

these discussion activities and sections taught using a traditional lecture-style pedagogy. 
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