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Abstract

An instructional strategy called Team-Based Learning (TBL) has been implemented by the
authors in courses that emphasize fundamental engineering concepts that are core to the
discipline. TBL is an alternative to conventional classroom lecture instruction. In a TBL
course, students are placed on permanent learning teams and the teams work together, during
class time, to apply course concepts and solve discipline-relevant problems called application
exercises. The goal of introducing TBL in these engineering courses is to enhance the quality of
student learning by incentivizing student engagement with course content and fostering team
skills. This is achieved by using application exercises that require student teams to apply critical
thinking and decision-making abilities. Students on high performing teams routinely report that
their team’s success on application exercises is directly attributable to the thorough preparation
by individual student team members outside of class, and that the TBL course structure helped
them develop and enhance their ability to learn challenging concepts on their own. An important
component of TBL course structure is the inclusion of frequent, timely, and varied types of
instructional feedback to students. This paper will introduce a taxonomy for instructional
feedback and place the feedback mechanisms that are inherent in the TBL course structure within
this context. The form and content of instructional feedback used in TBL engineering courses
will be examined. This discussion will include suggestions for achieving a balance between the
dimensions of feedback to facilitate the professional development of engineering students.

Introduction

Team-Based Learning (TBL) is an evidence-based instructional strategy that has been widely
used in business and medical schools, and in courses in engineering, life sciences, physical
sciences, social sciences, and the humanities!. TBL has been shown to enhance the quality of
student learning by fostering teamwork skills and life-long learning skills, without sacrificing the
expectation that students acquire and master course concepts that are fundamental to the
discipline. Courses taught using TBL require high levels of student engagement and
participation, provide practice using critical thinking skills, and enhance collaboration skills.
One hallmark of a TBL course design is the in-class team assignments that follow the "four S"
rules® to ensure individual student accountability and discussion within teams and between
teams. These rules are:



1. Significant problem: teams should work on a problem that illustrates the usefulness of the
course concepts in the discipline. These problems are often called application exercises
by TBL instructors.

2. Same problem: teams should work on the same problem or question.

3. Specific choice: teams should be required to make a specific choice and defend that
choice using course concepts.

4. Simultaneous report: teams should be required to report their answers simultaneously.
This forces teams to commit to an answer and motivates them to be accountable for their
decision since they will have to publicly defend it in class.

Another signature feature of a TBL course are the methods for providing instructional feedback
to students that is frequent, timely, and varied. As with other active learning teaching methods,
the framework for making feedback available to learners serves as a progress monitor so that
students can identify their weak areas and work to improve them. It is well-known that quality
feedback is an important part of the interaction between and among faculty and students.
Pedagogies of engagement encourage faculty-student contact time, cooperation among students,
and active learning®. A large scale study across 309 universities and over 27,000 students found
that the two most powerful sources of positive influence on student’s success were peer
interaction and interaction with faculty*. Peer interaction strongly affected growth in problem
solving skills and critical thinking skills, while interaction with faculty positively correlated with
every academic outcome including grade point average and degree attainment.

While there is no question that quality instructional feedback is important to student learning and
professional development, there is no clear consensus on the best way deliver this feedback to
maximize its impact on learning gains and professional growth in engineering students. To
begin to address this problem, in this paper we present a taxonomy of instructional feedback and
demonstrate how TBL fits within this taxonomy. We then describe a TBL implementation used
in a core engineering course, and evaluate its effectiveness compared to other active learning
methods. We show evidence to suggest that the intentional inclusion of frequent and diverse
feedback to students is having a positive impact on engineering student development. Finally,
we conclude with guidance for effectively using feedback in engineering classrooms taught with
TBL.

A taxonomy for instructional feedback

Feedback has many dimensions, as revealed in previous overviews and meta-analyses of
instructional feedback®”’. Many different attributes and factors have been identified, and illustrate
that feedback is not a uniform phenomenon, and there exists many strategies of how to provide
instructional feedback®. To organize the prior work on feedback in educational contexts, we have
generated a taxonomy of instructional feedback, shown in Figure 1. At the top-level, feedback is



divided into three dimensions: Content, Form, and Use. Each of these dimensions is described
below.

Content

The content of feedback can be divided into three categories: 1) course concepts, 2) learning
behaviors, and 3) team skills.

Course Concepts
The core concepts of a course include the knowledge (facts and methods) of the subject, and the
process to apply to those methods.

Process feedback is an assessment of whether a strategy is taking the students toward their goal,
and provides students with critical information to improve performance on the tasks utilizing
course concepts’. Hattie and Timperley® define a model of feedback that has four types of
feedback on: 1) the task, 2) the process, 3) the learner’s ability to self-evaluate, and 4) the learner
him or herself. The first two categories are defined in the course concepts part of the taxonomy,
and the latter two in the learning behaviors sub-section.

Learning Behaviors

Providing feedback to students helps them gauge their learning progress and can prompt them to
develop their learning behaviors!®. Feedback can influence the team behavior during team
tasks'!.

One potential set of learning behaviors includes student’s ability to reflect on their learning so
far, their information gathering, and their ability to move from information gathering to idea
formation. Additionally, student’s ability to incorporate other perspectives, sources, approaches,
and solutions into their work is supported by prompt contemplation. Students need the ability to
question their assumptions, seek new information, and recognize gaps in their knowledge'?.
Effective feedback includes focusing on student persistence as part of their progress, strategy,
and effort!?,

Team Skills

The success of group depends on both the individual contributions of members as well as the
member’s ability to work together. On an individual level, feedback can be given on the quality
and consistency of their contribution towards team goals. The types of feedback on the team
level can vary. One model of teamwork describes “the big five” components of teamwork that
lead to team success: team leadership, mutual performance monitoring, backup behavior,
adaptability, and team orientation!*. While we draw on the Salas et al. model in our taxonomy,
other models of teamwork exist. For instance, Smith et al.? list skills that lead to the success of
cooperative efforts as leadership, decision making, trust building, communication, and conflict
management.



Effective team leadership can improve the effectiveness of a team by facilitating problem
solving, coordinating, and motivating the team'#!3. Although traditionally difficult to measure,
mutual performance monitoring includes the team members' ability to keep track of each other’s
work and ensuring that the work is getting done and that the proceses are being followed.
Backup behavior is the ability of teammates to recognize problems in workload distribution and
mitigate'¢. For instance, one team member can provide feedback and coaching to another
underperforming member, or redistribute tasks'’. The adaptability of a team allows it to
recognize problems with the plan and adjust actions to compensate'®. Finally, team orientation
focuses on the motivation and attitudes of team members, which when positive can, facilitate
performance and influence team cooperation'"!’.

Form of Feedback

Modality

Feedback can be given in a variety of modalities: written, verbal, and even tactile. Often the
appropriate modality is determined by choices in other aspects of the feedback. Summative
feedback provided on homework is often written, while immediate feedback during an on-class
exercise is verbal. For instance, verbal feedback was shown to be effective when giving feedback
on goal setting during football practice.?

Timing

Feedback can be immediate or delayed. Mory’ provides an overview of the previous literature
comparing the utility of immediate or delayed feedback. Sometime the nature of the task
determines when feedback can be given. Feedback given at the wrong time can be detrimental to
the outcomes desired®!'. Immediate feedback has been shown to prevent the formation of
incorrect associations,?? and does not withhold information that the learner can use®. One of the
seven principles for good practice in undergraduate education is “give prompt feedback”?*. On
the other hand, delayed feedback has been shown in some context to be more beneficial to
student retention and learning that immediate feedback®>%¢. Additionally, it may be important to
let the student complete the task uninterrupted in order to enable him or her to learn how to
identify their own errors®’. However, for team delayed feedback may be detrimental to group
motivation?®,

Formality

The manner in which feedback is given can greatly influence its helpfulness®!. Explicit feedback
is where both the source and the recipient know that intentional feedback is being delivered.
Implicit feedback is where the information provided by the source may not be recognized as
‘feedback’ by the recipient.



Type

Feedback usually serves one of two goals: 1) positive feedback to encouraging students to
continue that is appropriate and effective, or 2) negative feedback to correct or eliminate
behaviors or misconceptions in inappropriate or ineffective!>?!.

Source and Destination

Feedback can be directed at an individual, group, or class. The source and destination of
feedback can be combined to characterize various well known feedback mechanisms, such as
class feedback from the instructor, peer-to-peer feedback within a group, or even class feedback
to the instructor. Often feedback mechanism creates multiple types of feedback; for instance, the
plus/delta evaluation creates feedback from s the class to the instructors, as well as reflective
feedback between students. Research in learning from pre-school to higher education has shown
that one of the most powerful forms of feedback is from the student to the teach, through which

the teach is able to assess student knowledge, understanding, and misconceptions'?.

In engineering education, feedback has primarily been studied in the context of feedback to and
within student design teams. In one study’, instructors implemented a peer assessment system
based on six semesters of student-generated criteria for communicating helpful process and
behavioral feedback. These authors found that after implementation of this feedback system,
negative team outcomes (personality conflicts, social loafing) were eliminated and the quality of
the design team deliverables improved. In another study?’, the use of agile project management
for a two-semester senior design project is documented by profiling the experience of the student
design team, client, and faculty mentor. The agile project management framework required the
student team to work in two-week "sprint" iterations, where each sprint contained a deliverable,
followed by a progress meeting with the client and mentor. The use of frequent feedback during
sprints enabled the student team to develop a high quality product and better preparation for
engineering practice.

Uses of Feedback

Feedback can be used for many purposes. In the engineering evaluation literature, evaluations
and assessment are often divided into “formative” and “summative’”°.

Formative

Formative evaluations are often informal evaluation used to gather feedback while a task is still
underway or while a design is stull forming. A summative evaluation looks to establish (or
summarize) some claims over a baseline. In an educational setting, formative feedback can be
feedback given informally during task execution, often with the goal of improving the process or
solution as it is being developed. Examples might include instructors providing verbal feedback
during a group activity in class.



Summative
Summative feedback might be formal assessment like exam grades that assess level of mastery
of the content or skill, or written feedback on a term paper.

Implementation of Team-Based Learning in an engineering course

This section describes the course organization for a TBL implementation of a material and
energy balances course taught to second-year chemical engineering students. To evaluate the
effectiveness of the TBL implementation, assessment data for this course is compared to data
from a section of the same course taught using other active learning methods.

Course organization for the TBL implementation

On the first day of class, the students were assigned to learning teams of 6 to 7 students. The
teams were assigned by the instructor, according to the geographical location where the students
attended high school (in-state, out-of-state, international). The students were divided into these
three categories and then distributed among teams to ensure that each team had the same
distribution of geographical categories represented. The team assignments remained permanent
for the duration of the course. All exercises and problems that were assigned to the student
teams were completed during the class session. There was no expectation that the students
would meet with their team outside of class. Outside of class, individual students prepared for
each classroom session by completing a reading assignment, one or more assigned example
problems, and one homework problem. Students submitted the homework problem to receive
individual feedback on their work and a grade for the assignment. During class, the student
learning teams solved application exercises and received immediate feedback on their answers
from the instructor and from other teams. The daily team scores on the application exercises
were counted in the determination the course grades of individual students. Three in-class exams
were given at weeks 5, 9, and 13. A final exam was given at the end of the term.

The instructional methods and materials used in the TBL section included:

e Reading assignments. The students were given one reading guide per classroom
instruction session. Each reading guide was made available five to ten days before the
class meeting. The reading guides contained a list of learning objectives, a detailed
reading assignment, example problems, and one homework problem.

e Homework problems. The students were given one homework assignment per class
meeting and it was completed by individual students outside of class and submitted for a
grade.

e Readiness assessment quizzes. Prior to the start of a new module, the students completed
a reading assignment designed to review the essential prerequisite knowledge needed to
be ready to learn the new concepts introduced in the module. On the first day of the
module, the students took a short readiness assessment quiz, first individually, then with



their team. The individual and team quizzes were scored and contributed to the final
course grade.

e C(Classroom instruction. A typical day of classroom instruction included 10 minutes of
lecture from the instructor and 40 minutes of team problem-solving activities performed
by the students. The team answers were scored and contributed to the final course grade.

Course organization for the 1AL section - a control

The effectiveness of the TBL instructional strategy was evaluated by comparison to a section of
the course taught using informal active learning (IAL) instruction methods. The use of the IAL
section as the control implementation is justified for the following reasons. The same instructor
taught the IAL and TBL sections. The IAL section was taught two years prior to the TBL
section. At the time the IAL section was taught, the instructor was teaching the course with IAL
for the fourth time, with a highly developed set of lesson plans, and hence, this offering
represents the instructor's best implementation of the course taught with IAL methods.

The common components between the TBL and IAL sections were as follows. Both sections
were taught to second-year chemical engineering students by the same instructor, and used the
same textbook>!. Each section met for three 50-minute sessions of classroom instruction per
week for 15 weeks. Three in-class exams were given at weeks 5, 9, and 13. A final exam was
given at the end of the term. Students were provided with a study guide for each exam and these
study guides changed very little between course offerings. The content covered on each exam
was the same but due to concerns about student access to course material from prior years,
identical exams were not used.

The instructional methods and materials used in the IAL section included:

e Reading assignments. In IAL, the students were given a list of reading assignments at the
beginning of the semester and encouraged to read the designated sections of the textbook
ahead of class.

e Homework problems. The students were given two homework assignments per week.
The homework set due on Mondays was an assignment that was completed by individual
students outside of class. The homework set due on Fridays was a more challenging
assignment that was completed by groups of 3 to 4 students outside of class. Homework
teams were assigned by the instructor by taking into account grades in prerequisite
courses and compatible study schedules. The team assignments were permanent for the
duration of the semester.

e (Classroom instruction. A typical day of classroom instruction included 30 minutes of
lecture by the instructor and 20 minutes of active learning activities (turn to a partner,
think-pair-share, get into a group of 3 (or 4) and decide what the next step in this solution
should be) performed by the students. No more than five minutes was allotted for any
single active learning activity and the active learning activities were interspersed



throughout the instructor's lecture.’? To keep students on task, they were put on notice
that the instructor would call on them to report their answer at the end of an activity.

Methods for collecting and analyzing the assessment data

The TBL and IAL sections were compared using student performance on course exams, and
student responses to formative and summative course surveys. These data were collected for a
TBL section and an AL section of a material and energy balances course.

The TBL section was taught in 2012 and the IAL section was taught in 2010. Profiles of the
students enrolled in the IAL and TBL sections are shown in Table 1. There was a 43% increase
in enrollment between the IAL section offered in 2010 and the TBL section offered in 2012.
This enrollment increase follows the rising enrollment trend in the instructor's department.
Students had no prior knowledge that the course would be taught using TBL prior to enrolling.
The gender distribution between the two sections was nearly the same. The average composite
ACT score between the two sections differed by one point. The distribution of ACT scores is
shown in Figure 2.

The exam scores from students in the TBL and IAL sections were compared as follows. There
were three mid-semester exams and a final exam given to each section of the course. Due to
concerns about student access to course material from prior years, identical exams were not used.
For both sections, the three mid-semester exams were given at the end of weeks 5, 9, and 13.
The content covered by an exam at a particular point in the semester was the same and the exam
questions, while different, assessed the same course concepts. In the instructor's experience,
there is unintended variability in the difficulty of the exam questions throughout a given
semester. For example, in one year, Exam 1 may have had the most difficult question of the
semester, while in another year, the most difficult question may have appeared on Exam 3. This
limits the usefulness of a direct comparison of the student exam scores on a given exam between
two course offerings. To reduce the effect that variations in the difficulty of exam questions
might have, an average exam score for each student was computed. This average exam score
was compared to the criterion-referenced grading scale shown in Table 2 and a letter grade (A,
B, C, D, or F) was assigned to the average exam score earned by each student.

Student responses to the course were collected by voluntary formative and summative course
evaluation surveys. The formative course evaluation survey questions were based on the
Plus/Delta classroom assessment method*. The formative survey was administered at mid-term
and asked these four questions: 1) What is helping you to learn in this course?, ii)) What changes
in this course are needed to improve learning?, iii) What are you doing to learn in this course?,
iv) What do you need to do to improve your learning in this course?. The responses from the
IAL section were collected on paper and the responses from the TBL section were collected with
an online form. No response rate was recorded for the IAL section. Sixty-three (63) students



completed the formative survey in the TBL section (response rate of 91%). For both the IAL and
TBL sections, the instructor reviewed the student responses and grouped them by theme.

The summative course evaluation was administered by paper for the IAL section and online for
the TBL section. The paper and online surveys asked the same questions and the response
choices were based on a five-point Likert scale. Space was allocated at the end of the survey for
additional, open-ended comments. The instructor grouped these responses and grouped them by
theme. Thirty-two students responded in the IAL section (response rate of 73%) and 33 students
responded in the TBL section (response rate of 52%).

Results

Impact of TBL instruction on problem-solving skills

Problem-solving ability was measured by four exams given over the duration of the semester.
For each student, an average exam score was calculated and converted to a letter grade using the
criterion-referenced grading scale shown in Table 2. Figure 3 shows the percentage distribution
of students who earned letter grades of A, B, C, D, or F. There is no significant difference in
average student exam scores between the IAL and TBL sections.

This finding may be due to the fact that in this study, both the intervention (TBL) and the control
(IAL) used evidence-based active learning pedagogy. Based on an earlier study’ using active
learning techniques that closely align with the IAL control, it is expected that students in either
the IAL or the TBL section would score higher than students in a section where instruction was
delivered by conventional classroom lecture. It is promising that a first-time implementation of
TBL is at least as effective as the best implementation of IAL, for a given instructor. Future
studies could be devoted to improved research designs that would yield evidence to specifically
identify the differences in problem-solving ability between students in TBL and IAL courses on
the same topic.

Impact of TBL on perceived attainment of learning outcomes

Students self-reported their attainment of course learning outcomes on the summative course
evaluation survey. Figure 4 shows the percentage distribution of student responses indicating
their perception of their mastery of three course learning outcomes.

In all three learning outcome categories surveyed, the percentage of students who responded
“agree" or "strongly agree" was higher for the IAL section than for the TBL section. The total
percentage of students who chose ““agree" or "'strongly agree" is as follows: a) “You understand
and are able to develop and use material and energy balance equations” (88% IAL; 78% TBL);
b) “You can create process diagrams for simple and moderately complex chemical systems”
(97% IAL; 72% TBL); c¢) “You can solve material and energy balance problems using various



computational tools” (78% IAL; 66% TBL). This finding is unexpected, given that the average
exam scores earned by the students in both sections had nearly the same distribution.

Why would the students in the TBL section not report the same level of achievement on course
learning outcomes? The explanation may be in the way the course content was delivered.
Research studies have shown that students report inflated judgments of learning when the
learning activity involves copying information rather than constructing information.*>*¢ In the
IAL section, the students spent approximately 90 minutes per week copying notes as the
instructor solved examples on the board. In this setting, it is more likely that an IAL student
feels more confident about his/her abilities because of the perceived ease of processing the
content, sometimes called the "familiarity pitfall".?” Conversely, TBL students spent much less
time copying notes from the instructor (< 30 minutes per week) and more time in class on
learning activities that required them to apply course concepts and construct knowledge for
themselves. Thus, the TBL students perceived ease of processing was likely lower, thereby
reducing their self-reported rating of achievement on course learning outcomes.

Impact of TBL on professional development

Student perceptions about their professional development were measured by the summative
course evaluation survey. Figure 5 shows the percentage distribution of student responses
indicating their perception of how the course offered opportunities for professional growth in
three categories.

In the three learning outcome categories surveyed, the percentage of students who responded
“agree" or 'strongly agree" was nearly the same for the IAL and TBL sections. The total
percentage of students who chose ““agree" or ““strongly agree" is as follows: a) “This course
provided you with an opportunity to develop skills in engineering design” (69% IAL; 66% TBL);
b) “This course provided you with an opportunity to work effectively as a member of a team”
(91% IAL; 88% TBL); c) “This course provided you with an opportunity to demonstrate
knowledge through presentation of technical information” (66% IAL; 69% TBL).

Open-ended responses were collected from the IAL and TBL sections using the summative
course evaluation survey, and from the TBL section using a plus-delta®* formative survey at mid-
term. The following themes were identified from the qualitative assessment.

The TBL course helped students develop and improve their self-study skills. Students could
observe their peers at every class meeting and this helped individuals discover what kinds of
self-study strategies were most effective for them. The structure of the TBL course reinforced
the strong self-study skills of the students who had them. Other students noted that their self-
study skills improved during the semester.

10



The TBL course promoted a shift in thinking. Several students commented that they changed the

way they approach problems because of their regular interactions with their learning team.

The TBL course format provided the students with opportunities to lead and organize a group of
peers. The students recognized the value of this early experience with team-building and its
importance to their future success at the university and in the workplace. The importance of

collegiality to team function was noted.

The TBL feedback framework promotes the development of professional skills and
workplace competencies

As noted earlier, TBL provides a rich experiential environment, in which students learn not only
from the methods and materials listed above, but from the skills and behaviors cultivated through
the TBL experience itself. Professional skills for engineering students have been identified in
several ways in the ABET Engineering Criteria, including Criterion 3, Student Outcomes;
Criterion 5, Curriculum; and Program Criteria for specific programs.®® For example, ABET
engineering student outcomes (d), (f), (g), (h), (i), and (j), listed below, have been referred to as
professional skills.*

(a) an ability to apply knowledge of mathematics, science, and engineering

(b) an ability to design and conduct experiments, as well as to analyze and interpret data

(c) an ability to design a system, component, or process to meet desired needs within realistic
constraints such as economic, environmental, social, political, ethical, health and safety,
manufacturability, and sustainability

(d) an ability to function on multidisciplinary teams

(e) an ability to identify, formulate, and solve engineering problems

() an understanding of professional and ethical responsibility

(9) an ability to communicate effectively

(h) the broad education necessary to understand the impact of engineering solutions in a
global, economic, environmental, and societal context

(i) arecognition of the need for, and an ability to engage in lifelong learning

(J) a knowledge of contemporary issues

(k) an ability to use the techniques, skills, and modern engineering tools necessary for
engineering practice

A recent national study concluded that professional topics are typically emphasized in first-year
design and capstone courses rather than integrated throughout the curriculum.** However,
students may develop professional skills through the behaviors they practice in the learning
process, in addition to any topical coverage. Thus instructional strategies used in the classroom,
such as TBL, provide an opportunity for professional skills development in core engineering
courses.
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At Iowa State, the engineering college has adopted a set of workplace competencies based on the
needs of engineering employers.*' In the college’s framework, student outcomes are multi-
dimensional and represent some collection of workplace competencies necessary for the practice
of engineering at the professional level. Fifteen competencies are measured within this
framework: Analysis and Judgment, Communication, Continuous Learning, Cultural
Adaptability, Customer Focus, Engineering Knowledge, General Knowledge, Initiative,
Innovation, Integrity, Planning, Professional Impact, Quality Orientation, Safety Awareness, and
Teamwork. Each competency is uniquely defined with a set of observable and measurable key
actions that a student may take that demonstrates development of that competency. Many of
these competencies are evident in the TBL method. For example, the assessment results
presented for the material and energy balances course showed that TBL helped students develop
and improve their self-study skills. This corresponds to the continuous learning competency,
which also aligns with ABET outcome (i) on lifelong learning; it is defined as follows: Actively
identifying new areas for learning; regularly creating and taking advantage of learning
opportunities; using newly gained knowledge and skill on the job and learning through
application. Several representative workplace activities associated with the competency are:

e Designing experiments or products that require engineers to learn new subject areas.

e Engaging in discussions on professional responsibility.

e Using feedback from customers to learn new material that will improve a product.

e Reading/viewing new material and attending seminars.

e Learning local, state, and federal laws to understand impact on engineering practices.

e Learning new tools to design a product or solve a problem.

Thus TBL gives students early practice with professional competencies that employers expect to
see in the workplace. These opportunities are highlighted in Table 2, which shows the learning
activities offered in the TBL implementation of the material and energy balances course and
classifies them according to the content and form of the feedback.

Conclusions and recommendations for using TBL in engineering courses

TBL is an effective instructional strategy for teaching problem-solving skills in engineering. In
an introductory engineering problem-solving course, students in the TBL section performed as
well as students in the IAL section that was taught with an informal active learning approach.
Given that the students achievement on course learning outcomes, as measured by exam scores,
was maintained while students developed early team-building skills and improved self-study
skills suggests that teaching with the TBL instructional strategy is an effective way to integrate
professional competencies into engineering courses. Further study is needed to directly examine
the feedback mechanisms in TBL and their impact on the development of learning behaviors and
workplace skills.
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Based on our collective experience with developing TBL courses in engineering, we offer the
following suggestions to engineering educators who wish to adopt TBL. It is likely that most
engineering students have never taken a TBL course before and therefore, it is important to
orient students to TBL procedures and provide ample explanation for why you are choosing to
use TBL. We suggest spending the first 1 or 2 class periods on TBL orientation activities,
keeping the stakes low, to acclimate students to the course mechanics. The team-based learning
collaborative*? has many ideas for application exercises aimed at course goals that can be
adapted to suit any course. Be intentional about incorporating both conceptual and behavioral
feedback into the learning activities offered in the course, to promote a broad range of student
development. Be aware that because much of the feedback that takes place occurs during verbal
exchanges during classroom time, while student teams are solving application exercises, that
some students may not recognize that the feedback they are receiving from their instructor and
their peers is pertinent to their learning. It is important to be explicit with students about the
types of feedback they will be receiving and how they can use that information. Sharing a
classification of course activities, like shown in Table 2, may especially help those students who
have a difficult time accepting that an instructor can be offering rich learning experiences
without lecturing. Helping students recognize when feedback is being offered, will help
reinforce the notion that the ability to accept feedback as objective comments, rather than
criticism, is a valued professional skill.
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Table 1. Student profiles for IAL and TBL sections of a material and energy balance course.

IAL (2010) TBL (2012)
N (number enrolled) 44 63
Male 73% 71%
Female 27% 29%
Average composite ACT score | 28 29
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Table 2. Classification of learning activities offered in the TBL implementation of a material

and energy balances course.

Activity Time Who Where | Feedback | Feedback Number
spent on form content of times
activity per
(min) semester

Pre-class 60 Individual Out of | Concept Check 40

reading class questions conceptual

assignment in textbook | understanding
(answers of assigned
provided in | reading
back)

Solving the 120 Individual Out of | Score on Guidance on 34

pre-class class grading problem-

problem rubric solving

approach and
mechanics

Note-taking 10 Individual In class | None None 40

during lectures

presented to

class

Individual 20 Individual In class | Score Check 6

readiness conceptual

assessment understanding

(quiz) of current topic

Team 20 Team In class | Score Check 6

readiness conceptual

assessment understanding

(quiz) of current topic

Writing 10 Team In class | Written Guidance on the | 6

appeals for response use of evidence

missed from to construct an
questions on instructor argument

readiness

assessment

Solving 40 Team In class | Verbal Guidance on 34

application responses application of

exercises with from course

team instructor concepts;

and from comparison of
peers self-study to
group norm

Written 30 Individual Out of | Written Comparison of | 2

comments class responses team skills to

from peers from peers | group norm

Self-reflection | 30 Individual Out of | Written Comparison of | 1

at mid-term class summary study habits to

from class norm
instructor
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Fig. 1. A taxonomy of instructional feedback. There are three dimensions of feedback: content,
form, and use.
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Fig. 2. The distribution of composite ACT scores for students in the AL and TBL sections.
There were 29 (out of N=44) ACT records for the IAL section and 57 (out of N=63) ACT
records for the TBL section.
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learning outcomes: a) developing and applying material and energy balance equations, b)
creating process diagrams for simple and moderately complex chemical systems, ¢) solving
material and energy balance problems using computational tools.
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