
Introductory Essay: 

The Introduction to Chemical Engineering course is typically an introductory course for any 

freshman or sophomore interested in engineering, which exposes new students to some of the 

fundamental concepts of chemical engineering (i.e. a student’s first chemical engineering 

course). This course is either taught freshman year, as a means of soliciting undecided engineers 

to join the field of chemical engineering, or sophomore year, after students have taken a general 

engineering course and already declared their major. This introduction course is designed 

specifically around the former, although could easily be implemented into the latter as well. 

Being a freshman level course offered both semesters, there are no pre-requisites, other than high 

school level algebra and chemistry. These introductory type courses are often larger than their 

sophomore level counterparts due to college requirements for engineers to take multiple 

introductory level engineering courses. At CMU, this results in an additional 10-20 students 

whose engineering major is undeclared, or not chemical engineering. With that in mind, the 

structure of this course is designed to implement multiple teaching best practices which are 

easily implemented in large classes while mitigating the burden on the instructor’s time. 

 

Firstly, the course is taught based on the standard core curriculum for the introductory level 

engineering course in the most institutions. This includes chapters 2 – 9 of “Elementary 

Principles of Chemical Processes” by Felder and Rousseau. This covers introductory material, 

such as unit conversions and core concepts about volume pressure and temperature, up to multi-

component energy balances. Learning objectives 1 – 5 are tailored to be inclusive of all the 

concepts taught in these 8 chapters. This information will be required for student advancement 

through the curriculum and are thus the most critical to students future success as chemical 

engineers. 

 

Secondly, this course relies heavily upon a team aspect, not only because of the critical 

importance of early development of team-building skills, but also because it provides numerous 

opportunities to implement active learning techniques. Poorly designed team aspects to 

classroom environments can often prove detrimental to a student’s perception of a class or field 

of study. Because of this, and the propensity for team projects in chemical engineering course, it 

is important to educate students early on in good teamwork strategies, so they are well equipped 

for future team projects. This class is designed to illustrate best practices for effective teamwork 

by providing a low-stakes, immersive environment. This includes setting team expectations, 

working together on regular assignments, evaluating team member’s performance, and receiving 

constructive criticism on personal performance. Students are assigned to teams of 3 – 4 based on 

surveys filled out in order to maximize the diversity in background between group members. 

Special care will be taken not to alienate any minorities in this way to prevent inadvertent 

stereotype threat. It is my hope that this will foster an appreciation for diversity of opinion and 

also set the norm of working in assigned teams (standard at the industry level). 

 

The course assignments are set up to flow from pre-class readings to in-class questions to group 

recitations and finally individual homework. Throughout one class period the topic of all of these 

assignments will be the same. Specifically, the pre-class readings will provide insight into the in-

class questions, incentivizing students to spend time doing the reading before class. Component 

skills introduced during an individual lecture will then be combined into a single recitation 

problem, requiring students to integrate their knowledge under instructor and TA supervision. 



Finally, further practice is provided to students on the topics covered over the course of the week 

in the individual homework assignment. The purpose of the homework being primarily to assess 

whether all of the individuals in a group are learning the material. As such, alignment between 

the assignments is critical to student learning gains and active participation during lecture. 

Recourses provided by the campus teaching center will be a valuable asset for insuring this 

alignment, both with the daily topics, and with the learning objectives of the course.  

 

Three exams are also implemented into the design of this course to provide further feedback 

about individual performance of the students. Weighting of all three exams is a total of 45% of 

the student’s final grade, which is significantly lower than standard chemical engineering course. 

This was done intentionally in favor of more frequent low stakes assignments and opportunities 

for feedback. The cutoff for an A was also strategically chosen at 85% in order to allow students 

to choose which activities they find most beneficial to their learning and the opportunity to 

forego the final in some cases. In order to further reduce some of the burden on the instructor, 

clicker technology is implements as a means of gauging student understanding of course 

concepts during lecture. That way, immediate feedback can be given to student on problematic 

topics as they arise during the class. 

 

Motivation is a key aspect of the introductory chemical engineering course, as I have mentioned 

previously. I address this issue by focusing primarily on the feedback provided in the course and 

also the tone being set. Research shows that quick and constructive feedback is a powerful 

motivator for students. Because of this, the course is designed to be taught with the assistance of 

at least 2 TA’s to provide a quick turn around on assignments. This is particularly important 

because of the large number of assignments being distributed and the large class size. For more 

information, please see the Examples of Motivation via Teaching Strategies Section. The syllabus 

is designed to communicate a welcome environment for student learning along with some of the 

course policies, such as open door office hours. Student feedback about the course is also 

specifically built into the design, and special care will be taken to respond to that feedback. This 

will also set the precedent that I am open to student input and questions.  
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Syllabus: 

Introduction to Chemical Engineering 06-100, 4 Credits, Fall 2018 

 

Instructor: Professor Jacob R. Boes 

Office: DH A204 

Office Hours: Open door policy, or by 

appointment 

Phone: (607) 342-1846 

E-mail: jboes@andrew.cmu.edu 

 

 

 

 

 

 

 

Teaching Assistant(s): 

Jane Doe – jdoe@andrew.cmu.edu 

John Doe – jdoe@andrew.cmu.edu 

 

Required Textbook/Equipment:  

“Elementary Principles of Chemical Processes” by R. M. Felder and R. W. Rousseau. (Wiley) 

You will also need a clicker device which can be purchased from the campus store. 

 

Blackboard Web-page: http://www.cmu.edu/blackboard 

 

Lectures:   MWF 2:30 – 3:20 pm, DH 2302 

Recitation:              MW   3:30 – 4:20 pm, DH A100 

 

Course Description: 

Society as we know it relies upon the mass production of many chemicals which we often take for granted in 

our everyday lives. For example, how would we travel without gasoline, cure illness without medicine, or feed 

the world’s population without chemical fertilizers? Producing enough of these chemicals for a growing global 

population can be a daunting task, requiring effective problem-solving, critical thinking skills, communication, 

and many more. The purpose of this course is to equip students with a strong foundation for all of the skills 

needed to become successful in the field of chemical engineering. 

 

In specific, to foster critical thinking, this course will break down engineering problem-solving into parts, using 

tools such as degree of freedom analysis, dimensional analysis, and flowchart techniques. Students will be 

introduced to basic practices in application to material property estimation for single- and multi-phase systems 

within reactive and non-reactive environments. Finally, students will collaborate with fellow classmates to 

develop an appreciation for the benefits of multiple points of view, and the communication skills needed to 

foster that teamwork. Through repeated practice of assignments, students will have accumulated not only an 

excellent foundational knowledge of chemical engineering skills, but a diverse pool of recourses, such as friends 

and reference materials, to aid in their success as future chemical engineers. 

 

Strong understanding is built upon repeated practice of components skills. Because of this, reading, lectures, 

recitations, and homework’s are all aligned to provide multiple opportunities for students to engage with the 

course concepts through various media. 

 

Lecture: Before lectures, students will be assigned select readings or videos to watch in order to prepare them 

for the materials being presented during the lecture that day. Although this pre-class work is not graded, it will 

help students to answer the in-class clicker questions. During class, students are expected to sit with their team 

members and work collaboratively on in-class problems as these will be partially graded as a team effort. The 

remainder of the lecture period will be dedicated to a more thorough discussion of that days topics. Questions 

during lectures are welcome and encouraged – if something is not clear, please ask! 
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Recitation: During recitations you will work on problems sets related to the course material covered during 

lecture that day. Problem sets assigned for recitation are designed to provide practice implementing the skills 

taught during lecture and must be completed as a team. Teams are not required to stay in the recitation room to 

complete them, but the instructor and TA’s will be available for assistance if you choose to stay. 

Teams: As an engineer most of the work you will do in industry or as a collaborative researcher will be done 

with other people. Because of this, it is critical to begin developing the inter-personal skills needed to work well 

on a team. Teams of 3 – 4 students will be assigned, based on survey information collected prior to the first day 

of class. It is your responsibility to ensure that you have filled out the team survey before the second day of 

class. For all team activities, all team members will receive the same grade. You will be given a chance to assess 

the performance of each team member (including yourself) several times throughout the semester, and this 

assessment will be incorporated into your final grade. 

 

There are no pre-requisites for this course, but a passion for learning is strongly recommended. 

 

Learning Objectives: 

By the end of this course, you should be able to accomplish the following: 

1. When given a value with specific units, students will be able to identify the dimension of the value and 

convert the value into various different units quickly and accurately. 

2. Students will be able to define properties of process streams including fluid density, flow rate, mass 

fractions, mole fractions, concentrations, fluid pressure, and temperature. 

3. Given a verbal description of a single- or multi-unit chemical process, students will be able to illustrate 

and label a corresponding process diagram. 

4. Provided a reactive or non-reactive process with inlet conditions, students will be able to solve for the 

stream properties and apply the concepts of conservation of mass and energy to verify their results. 

5. Students will be able to use ideal and non-ideal gas laws to calculate pressure-volume-temperature 

relations and incorporate the results into a process material balance. 

6. Students will be able to identify characteristics of a good team member and constructively critique the 

performance of fellow team members based on this criteria 

 

Grades: 

Grades will be assigned using the following absolute scale: 

A ≥ 85-100% 

B  ≥ 75-85% 

C  ≥ 65-75% 

D  ≥ 55-65% 

F < 55% 

 

All items are graded on a percentage basis and are weighted as shown below. Note that approximately 1/3 of 

the grade will be earned by group activities. The only exception to this policy is that team members who do not 

have their name on a recitation lab report or problem set will not be eligible for full credit on that assignment. 

A key skill which every chemical engineer needs to develop is dependability. To foster this development, late 

submissions of any assignment will not be eligible for grading. Your future employer will appreciate your 

punctuality. 

 

In-class problems (individual/team) 10%/10%* 

Recitation/Lab problems                             20%* 

Team assessments   5%* 

Individual homework 20% 

2 Exams, equally weighted  20% 

Final Exam   15% 
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* Team members will be assigned the same grade on these assignments. 

 

Description of graded work: 

 In-class questions: 2-4 in-class clicker questions will be assigned intermittently through each lecture 

period to facilitate your active engagement with the course concepts. These will be multiple choice 

questions designed to test your understanding of the pre-class assignments and concepts covered during 

the lecture. For half of these questions, you will be asked to answer individually, and for the other half, 

you will be asked to answer as a team. Instructions on how to answer will be given in class. Each in-

class question will be weighted equally. On Friday, at the beginning of class, students will be asked to 

write a brief 1-miunte statement about the concept they had the most difficulty understanding that week. 

 Recitation problems: Recitation problem sets are meant to be completed as a team. This will be 

reflected in the amount of work required to complete the assignment. You and your team are encouraged 

to distribute work evenly amongst each other, using the strategies we will discuss early in the semester. 

Problem sets will be collected at the beginning of the following lecture period. These should be 

submitted with each team members name printed in the upper right hand corner of the first page. Any 

team member’s name who is missing will not be eligible for full credit on that assignment. All recitation 

problem set grades will be weighted equally. 

 Individual homework: Homework will be assigned, at most, twice a week to facilitate additional 

practice for the concepts which students have historically struggled with, or those indicated by your 

feedback. These homework’s will be well aligned with the in-class problems and recitation question 

asked, and are designed to be easy to complete after finishing other course assignments. Detailed 

information about the format for the homework submission, and the homework assignments 

themselves, will be available on Blackboard. Weighting and due dates will also be posted on 

Blackbaord. 

 Team assessments: You will have the opportunity to evaluate your own, and team member’s 

contributions to your team 3 times, dispersed intermittently throughout the course. Details on how to 

complete these assessments will be discussed in class, and can be found on Blackboard. Feedback will 

then be anonymously returned to you from your group members with constructive feedback. Part of 

working as a team is learning how to overcome disagreements internally. If your team is having a 

disagreement, please do your best to resolve it on your own. We will spend time in class discussing 

best-practices for addressing these issues. If you feel you cannot resolve these issues as a team, please 

come see the course instructor as soon as possible. 

 Exams: This course will have 2 exams and a cumulative final exam. These exams will be open book 

and open notes. The exams will be on: 

(Dates and locations) 

The university’s final exam schedule is not released until approximately the middle of the semester.  

Please do not make any travel plans until you know your final exam schedule. 

  

Course Policies: 

 Attendance: Although attendance is not strictly enforced, some portion of your grade is dependent on 

the problems asked in-class, designed to facilitate active learning. It is also a critical component of 

successful teamwork. Also, bear in mind that this class is an opportunity for you to learn from a 

professional in chemical engineering, and active participation is encouraged during class. Interviews, 

conferences, and other acceptable planned absences must be submitted via e-mail at least 2 days in 

advance. Documented emergencies and illnesses are the only acceptable excuses to miss exams. The 

grading distribution is also designed to allow those who repeatedly perform exceptionally well to 

schedule their time around the assigned work as they see fit. 

 Exam and homework Re-grade: Requests must be made in writing within one week after the return of 

the assignment/exam.  If you feel that the grade is incorrect, please explain your case in writing and 
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return the entire assignment/exam to my office. I will then re-grade the entire document and return it to 

you as soon as I am able. 

 Cheating and/or plagiarism: Cheating and plagiarism are short term solutions which undermine your 

own ability to absorb the knowledge provided in this course. Repeated acts will ultimately lead to your 

reliance on falsifying your understanding of a subject, which will ultimately fail at higher level courses. 

Please see the CMU Student Handbook (online) for definitions of cheating and plagiarism, and the 

severe consequences of such behaviors. 

 Use of electronics during class: Electronic devices are often a distraction to both students using them 

and the students around them. To be respectful of all the students in class who are trying to learn, 

electronic devices are not permitted during class. Students who do use their electronics during class, 

will be asked to put them away before class proceeds. 

 Special Needs: If you have learning needs that require some adaptations for you to succeed in this 

course, please contact Equal Opportunity Services (http://www.cmu.edu/hr/eos/disability/students) and 

privately provide me with their documentation by the end of the second week of classes. I will make 

every effort possible to arrange to accommodate your learning needs based on their recommendations. 

 

Course Schedule: Pre-class assignments and readings will be primarily assigned from the class textbook. These 

assignments will be posted on Blackboard, along with any additional videos or reading, no later than one week 

in advance. See the schedule below for an illustration of which topics will be covered on a week-to-week basis: 

Week Topics/Reading 

1 Strategies for Effective Teamwork 

Chapter 2 – Introduction to Engineering Calculations 

2 Chapter 3 – Process and Process Variables 

3 Chapter 4 – Fundamentals of Material Balances 

4 Chapter 4 – Fundamentals of Material Balances 

5 Chapter 5 – Single-Phase Systems 

6 Chapter 5 – Single-Phase Systems 

7 Chapter 6 – Multiphase Systems 

Exam 1 (Covering chapters 2 – 5) 

8 Chapter 6 – Multiphase Systems 

9 Chapter 7 – Energy and Energy Balances 

10 Chapter 7 – Energy and Energy Balances 

11 Chapter 8 – Balances on Nonreactive Processes 

12 Chapter 8 – Balances on Nonreactive Processes 

13 Chapter 9 – Balances on Reactive Processes 

Exam 2 (Covering chapters 6 – 8) 

14 Chapter 9 – Balances on Reactive Processes 

15 Final Exam (Cumulative) 

 

 



Topics and Assigned Readings and/or Instructional Videos: 

 

“Elementary Principles of Chemical Processes” by R. M. Felder and R. W. Rousseau. (Wiley) 

The course textbook is where the majority of the reading assignments will originate. The subjects 

in the book are well aligned with the traditional learning goals of the chemical engineering 

curriculum. It is widely regarded as the standard for chemical engineering fundamentals. 

Because of this, I have derived my learning objectives primarily form the information covered in 

this book. Chapters 2 – 9 cover every aspect of LO’s 1 – 5 in the syllabus. 

“Turning Student Groups into Effective Teams” by Oakley et. al.  

I find excerpts from this article compelling for instruction on how to form an effective team. I 

may even provide it to students as a reading assignment. It also provides a useful basis for my 

expectations of the “Team expectations agreement” which will be assigned during the first week 

of recitation in this course. This aligns well with LO 6 in the syllabus. 

Screencasts Provided by LearnChemE on YouTube 

There are an abundance of well created videos outlining problem solving techniques to basic 

chemical engineering questions here: https://www.youtube.com/user/LearnChemE. These 

videos, developed by Boulder University, cover a vast range of chemical engineering subject 

material including those that parallel the course textbook quite well. There are videos which 

alight with LO’s 1 – 5 in the syllabus on this website, and can be utilized interchangeably with 

course reading, or be provided to students as additional reference material for muddiest-points. 



Examples of Summative Assessments: 

1. What is the primary function of a recycling stream? 

A. To reroute the flow of chemical for routine reactor maintenance. 

B. To improve the overall conversion of low yield reactions. 

C. To prevent the release of harmful chemicals into the environment. 

D. To increase the selectivity of the desired product. 

Requires an understanding of conversion, yield, and the basic components of a process diagram. 

Aligns with LO’s 2 and 3. Question is designed to provide feasible options based on other 

process systems discussed during class, but only one is absolutely correct. 

2. Which of the following has the greatest volume at standard temperature and pressure? 

A. 1 m3 of liquid ammonia. 

B. 1800 grams of ideal CO2 gas. 

C. 45 moles of ideal water vapor. 

D. 260 gallons of liquid mercury. 

E. 2000 lbs. of liquid water. 

A challenging unit conversions problem which requires use of the ideal gas law and density 

conversions. Aligns with LO’s 1 and 5. Values are strategically chosen to be “correct” if certain 

common unit conversion mistakes are made.  

3. Why is a purge stream required in any recycle loop? 

A. To prevent accumulation of undesired materials. 

B. To avoid dangerous pressure buildup in the reactor. 

C. To remove a specific component from the recycle stream. 

D. To sample the products and monitor reaction progress. 

A real world example of conservation of mass in action. Aligns with LO’s 3 and 4.  

Answers: B,C,A 

The steam reforming reaction is a common tool used for the production of hydrogen gas from 

methane. The first step of this reaction is as follows:  

CH4  +  H2O →  CO + 3H2 

The single pass conversion for the reaction is 15% methane. The outlet is then passed to a 

separator which recycles half of the flow leaving the reactor to be passed through again. The 

objective of this process is to produce at least 100 mol/hr of hydrogen gas in the product stream, 

while using as little methane as possible. 

1. Illustrate the process diagram. Label all units, streams, and their corresponding 

compositions. (LO 3) 

2. Perform a degree-of-freedom analysis to determine if enough information is present to 

balance the reactor based on the description. If there is not, choose an appropriate 



constraint, briefly explain why you chose it, and describe how it might be controlled in 

the process. (LO 2) 

3. Determine the flow rate and composition of all streams. (LO 4) 

4. Suggest at least one change to the process which would improve upon the process 

objective. Demonstrate how this is an improvement using relevant physical laws, and 

discuss any advantages and disadvantages of the change. (Does not align with current 

LO’s, but this is a great critical thinking question) 

 

Criteria Excellent (A) Adequate (B-C) Unsatisfactory (D-F) 

Process 

diagram 

(20%) 

Diagram is correct and well 

organized with easy to read 

labels on all unit operations 

and streams. 

Diagram contains no more 

than a single minor flow 

connection error OR the 

diagram is missing more 

than one key label OR is 

poorly organized on the 

page. 

More than one mistake is 

present on the process 

diagram. 

Degree-of-

freedom 

analysis 

(10%) 

DOF analysis is completed 

and recorded in a clear and 

organized fashion providing 

a complete record of all 

results.  

IF an additional constraint is 

required, a realistic 

parameter was chosen with 

clear and concise 

explanation of reasoning and 

methodology. 

DOF analysis is completed 

and partially recorded such 

that identification of any 

incorrect steps is possible. 

IF an additional constraint is 

required, a controllable 

parameter was chosen with 

some reasoning. 

DOF analysis is incomplete 

OR no work was recorded 

OR an additional constraint 

was chosen when none was 

required. 

IF an additional constraint is 

required, an infeasible 

parameter was chosen OR 

no reasoning or 

methodology is provided. 

Calculations 

(40%) 

Chose the correct equations 

needed to solve for all 

stream characteristics. 

Values are correct with 

requested units and reported 

with requested units. All 

calculations are shown in a 

clear and organized fashion 

providing a complete record 

of all results. 

Chose the correct equations 

needed to solve for all 

stream characteristics. Most 

of the stream characteristics 

have been solved correctly 

OR values were not reported 

in the requested units. Some 

record of the calculations is 

present and identification of 

incorrect steps is possible. 

Chose multiple incorrect 

equations for the unit in the 

process diagram. 

Calculations are not 

completed OR poorly 

organized and difficult to 

follow. 

Suggested 

Improvement 
The suggested improvement 

fulfills the objective 

The suggested improvement 

is vague, but some evidence 

The suggested 

improvements do not fulfil 



(30%) statement and is clearly 

explained with 

corresponding physical 

proofs. A thorough 

discussion of the advantages 

and disadvantaged of the 

suggested changes has been 

included. Possible 

alternatives are also 

discussed. 

is presented suggesting that 

the objective statement is 

met. Physical proof using 

appropriate equations is 

incomplete or difficult to 

follow. Some discussion of 

the advantages and 

disadvantages of the 

suggested changes are 

included. No consideration 

of alternative improvements. 

the objective statement. No 

physical proof from 

appropriate equations is 

shown. Little or no 

discussion is presented. Pros 

are poorly organized or 

difficult to read. 

 



Examples of Teaching Effectively with Technology: 

The course I have designed integrates technology through blackboard and the use of clicker 

devices. Piazza could also be included and google docs for collection of ‘muddiest-point’ every 

Friday. 

Blackboard provides an organized location for student homework and pre-class reading to be 

assigned and a place to store class notes or handouts for student’s future reference. Class 

announcements can also easily be made from Blackbaord. This has obvious organizational 

advantages for the students as well as the instructor, and provides students with a place to store 

recourses which will be valuable to them in this course and beyond it. 

Clickers provide the instructor with immediate feedback regarding student performance on a 

particular topic. This will allows me to present follow-up discussion or clicker questions on areas 

of confusion or skip ahead to spend more time on more complex concepts. This would be 

difficult to implement into a larger class any other way. It also requires much less grading time 

compared to alternative such as assigning pre-class questions. 

Google docs is an effective tool for collecting short answer question results for my review. This 

would allow easy and organized collection of the ‘muddiest-point’ every Friday as a pre- or post-

class assignment, allowing me to follow up on topics which students are still confused on. 

For example, every Friday I will remind students to fill out the “muddiest point” assignment 

posted as a link to the google doc on Blackboard. This will be graded as part of their individual 

in-class participation credit. This question will ask students what the most confusing point 

covered this week was for them. I will then sample this feedback and generate a brief review of 

these topics to discuss on Monday, followed by a corresponding clicker question. If it is a more 

difficult topic to address, a screencast can be produced or provided from LearnChemE and 

posted on Blackboard addressing the issue in more detail. 

 



Learning Objectives: 

1. Given a set of reactor conditions and a desired measurement, students will be able to 

formulate a hypothesis of which pressure measurement device, and its features, are most 

suitable for facilitating the desired reading and support it using appropriate models. 

2. Presented with a pressure gauge design, students will be able to identify the strengths and 

weaknesses of the device. 

Inquiry Challenge: 

Why is understanding pressure important, and what are the different ways we can measure it in 

liquid and gas processes?  

As a chemical engineer, every chemical process you come across in industry will be driven by 

the pressure of the system. Many processes even generate pressure as they proceed, and if left 

unchecked, this buildup of pressure can lead to dangerous explosions. This is why it is important 

to have a basic understanding of what the pressure of a system is and how to measure it. The 

Bourdon gauge and manometer are two of the most common tools for measuring gas and liquid 

pressure in industry today. 

Activity: 

This activity will involve brain-storming different means of reading pressures from a process 

stream similar to that found in the chemical industry. This will help to facilitate a better 

understanding of how physical principles can be leveraged to measure pressures. 

Given a specific example of a system in industry students will then be asked to formulate a 

design for a pressure measurement device. 

Instructional Plan:  

Prompts: 

Before class, students would be assigned a brief reading assignment which described the basic 

concepts of pressure and how a Bourdon gauge and manometer work (pg. 54-58 of Felder & 

Rousseau). Based on this reading, students would then be prompted to device as many ways as 

they can to determine the pressure of a process stream similar to that found in the chemical 

industry to be discussed during class. These ideas could potentially be collected before the class 

and used by the instructor to determine if a mini-lab would be possible, or to specifically tailor 

problem sets to common pressure reading ideas. 

During the lecture, the instructor should begin with a brief talk on the real world relevance of 

pressure reading devices as discussed in the Inquiry Challenge section. S/he will also need to 

cover the key concepts of pressure reading and the strengths and weaknesses of the Manometer 

and Bourdon gauge. Ideally, the instructor would then break the students into groups and have 

them discuss their ideas on different measurement devices for up to 5 minutes. In particular, 

students should be asked to consider the strengths and weaknesses of their own devices. Once the 

group discussion has ended, the instructor can prompt students to discuss these strength and 

weaknesses as a class. Following this discussion, the instructor will provide a brief review of the 

equations outlined for solving manometer equations which were discussed in the assigned 

reading. 



At the recitation, student teams would then be presented with case-study type question where a 

realistic system is described, like the example problem at the end of this section. Given the 

system characteristics and a desired measurement, students would be asked to formulate a viable 

pressure measurement device capable of recording information about this system. Students will 

be required to explain their reasoning for choosing their devices and its components, as well. 

Calculations will also be required to demonstrate that the specifications chosen for the device are 

feasible. Finally, students will be asked to identify the strengths and weaknesses of their design. 

Materials and Resources:  

Students will need the course textbook – Felder & Rousseau, in order to complete the necessary 

reading before class. For problem sets, each student team will need their own copy to be worked 

on and handed in after class. 

Prior knowledge: 

Students will require a basic understanding of what pressure is and a few possible methods by 

which it can be measured before they try and develop their own. They will also require 

knowledge of basic unit conversions for pressure and an understanding of gauge and atmospheric 

pressure. 

One misconception may be that students do not understand the concept of atmospheric pressure, 

i.e. that we exist under an ambient pressure. If students are confused as to why gauge pressure 

and absolute pressure are different, then the instructor could perform a demonstration of 

atmospheric pressure in class. My favorite is the inverted water glass which hold a coater to its 

rim. This is an excellent example of how atmospheric pressure holds the coaster in place since 

the force of the gas pushing up on it is greater than that of the water pushing down. Before 

performing this demonstration, it would be a good idea to prompt the students for a hypothesis 

on what they would expect to happen and why. 

Assessment Plan: 

Ungraded formative assessments of the students learning will be taken in the form of the group 

discussion of the limitations and strengths of the Bourdon gauge and manometer. 

The recitation handout should be collected and graded based on the rubric shown below: 

Criteria Excellent (A) Adequate (B) Unsatisfactory (C) 

Proposed 

pressure gauge 

model  

The proposed model is 

physically realistic and 

applicable to the system it is 

designed for. Student 

reasoning for their design is 

sound and based on concepts 

discussed during class. 

The proposed model is 

physically plausible, but 

potentially difficult to 

implement and simple 

improvements are possible. 

It is applicable to the system 

it is designed for with minor 

component changes. Student 

reasoning for their design is 

not present for all features 

OR course concepts are 

The proposed model is 

physically unreasonable OR 

not applicable to the system 

it is designed for. No 

reasoning for the design is 

provided OR no course 

concepts are discussed 



discussed but not 

implemented into the design.  

Using pressure 

models to 

validate 

hypothetical 

design 

Chose the correct equations 

needed to validate the 

hypothetical gauge design. 

Calculations are correct and 

necessary variables are 

selected in good agreement 

with the model description. 

All calculations are shown in 

a clear and organized 

fashion providing a complete 

record of all results. 

Chose the correct equations 

needed to validate the 

hypothetical gauge design. 

Calculations are mostly 

correct except for small 

errors OR necessary 

variables do not agree with 

the model description. 

Calculations are shown, but 

not well documented, 

making it difficult to 

reproduce the results. 

Chose the correct equations 

needed to validate the 

hypothetical gauge design. 

Calculations are not 

completed OR poorly 

organized and difficult to 

follow. 

Evaluation of 

device strengths 

and weaknesses  

A reasonable response is 

provided which indicates 

that the student has 

considered the 

strengths/limitations of the 

device. A thorough 

discussion of the reasoning 

is included and more than 

one option was considered if 

applicable. 

A reasonable response is 

provided which indicates 

that the student has 

considered the 

strengths/limitations of the 

device. Discussion of the 

reasoning behind this 

decision is lacking OR only 

one option was considered if 

applicable. 

Response is unreasonable, 

and does not indicate that the 

student has considered the 

strengths/limitations of the 

device. Discussion of the 

students reasoning is 

missing. 

 

Sections of the rubric are labeled after corresponding sections of the work material. The first and 

second section of questions aligns with the 1st LO, while the third set aligns with the 2nd LO. All 

sections are equally weighted. 

Example Material: 

A contractor is installing an air ventilation system into a large chemical plant. There is a powerful fan 

pushing air from outside the building into the entry duct. This entry duct then splits off to all of the 

smaller ducts which distribute air around the building. As the ducts get smaller, the air pressure drops 

until it exits into the room it is supplying air to. By the time the air exits, it must be moving slowly 

enough to prevent disturbing anything in the room. This corresponds to a desirable exit air pressure out 

of the duct at around 0.2 atm/cm2. The contractor needs to set the fan speed in the entry duct such that 

the exit pressure from the duct matches this target. 

1. With your team, formulate a design for a pressure measurement device that you think would be 

suitable for the contractor’s needs. Be specific about the mechanical and chemical features and 

components that you will incorporate into your design. Provide a brief explanation for why you 

chose your design. Use concepts discussed during class to support your choice. 



2. Using the governing pressure equations discussed during class, prove that your design is 

theoretically feasible. 

3. Give one strength and weakness of the design of your pressure gauge. What recourses would 

you need to create this pressure gauge in our lab? 

 



Examples of Motivation via Teaching Strategies: 

Real world examples are a powerful positive motivator to students. In the field of chemical 

engineering, these types of examples are abundant. Very close to the beginning of the course, I 

will utilize real world examples of the importance of chemical engineers in order to inspire 

student early on. I believe this will also help to create the kind of inclusive environment which 

will also motivate students to perform better. An example of the slides, along with the active 

learning techniques, I would use to implement this strategy can be found in the Examples of 

Multimedia Teaching section. 

 

Prompt and well direct feedback is another critically important part of motivating students. They 

need to feel they have the ability to succeed in the class through proper guidance. To support this 

guidance, feedback needs to be timely, and also constructive to student improvement. TA’s will 

be a necessary component of this course, in order to ensure that grading is completed quickly. 

All of any one particular assignment will be given to a single TA, to improve validity and 

reliability of grading.  The TA’s and I will then take turn grading assignments. For each 

assignment, a rubric will be created in order to further ensure validity and reliability of grading 

between multiple graders. See the Examples of Summative Assessments or Examples of Inquiry-

Based Learning section for an example rubric. TA’s will be reminded to point out student 

strengths along with needed areas of improvement to support a welcoming environment in the 

class. All assignments will be returned no later than the following class period. The grading 

rubrics will also be used for exams and will be tailored to account for frequently made mistakes 

as I gain information about the class. This is designed to improve the level of feedback provided. 



An advanced organizer, designed to give students an anchor to structure their notes 
around.

1



The purpose of this section is to motivate students about the importance of chemical 
engineering. It is not critical that students keep good notes on this section, as it will 
not be tested on during the class. However, this should not be mentioned as that 
would likely result in students taking the material entirely for granted.

2



The title is specific to the topic being addressed in the advanced organizer to remind 
students what subject we are discussing. This slide is designed to trigger a 
brainstorming/think-pair-share exercise to be performed in class. The instructions are 
provided on the slide encase students have not been paying attention. The slide is left 
intentionally bare to prevent unnecessary distractions.

This particular exercise is meant to generate a list of chemicals we need to sustain or 
society from the students. This list can than be transcribed to the chalkboard to direct 
students attention, and follow up to the next part of the active learning exercise. 

3



A less commonly discussed example of how critical chemicals are to our way of life. 
Again, a minimal amount of information is presented.

4



At first, the simplified form of the ammonia synthesis reaction is shown. Again, the 
key point of the section is illustrated in the title, to focus students notes/attention.

5



Next, the P&ID of ammonia synthesis is displayed to contrast how even the simplest 
of chemical reactions can have very complex chemical processes.

Be sure to emphasize that the figure DOES NOT need to be recorded to prevent 
student from becoming visually overwhelmed. This is also a good opportunity to let 
students know that by the end of the course, they will know how to read this diagram 
(motivational).

2nd active learning task: ask students to think about where the raw materials for the 
chemicals they generated earlier come from. It may be a good idea to switch to the 
next side after asking to prevent students from attempting to interpret the diagram 
instead.

6



Here we simplify the P&ID into a few of the unit operations present. This is done to 
reduce the cognitive load of the students as I move through each item one at a time. 

Handout for unit operations should be mentioned and handed out after class. Do not 
hand out during to prevent dividing student attention. The handout is only a 
reference sheet and doesn’t relate to this example specifically.

Perform in-class example of the separation process. Ask willing student to mix milk 
and water. Then ask another to separate the two. Discuss how some processes are 
more complex than others.

3rd active learning project: Have student brainstorm some of the processes needed to 
turn the raw materials into the chemicals they’ve generated earlier.

7



Gauges are introduced to the existing figure. ll are the same to reduce cognitive load.

8



Discuss how we do not to measure every aspect of a system to know what is going on 
inside. Talk about each unit one at a time. Allow time for students to ask questions 
about the unit operations, or why we don’t need to measure every aspect of a 
process.

This will lead nicely into the next section of degrees of freedom.

9



10



11



A summary of the key points discussed in this section.

These slides represent researched-based principles by leveraging the learning 
benefits which come from lectures with active learning as opposed to those that 
don’t. The key purpose is to motivate student, which is critical to student retention in 
engineering. This is a particularly important issue in this introductory level class, 
where students are just now being introduced to chemical engineering.

The slides are designed to be minimalistic in terms of words and figure simplicity in 
order to reduce cognitive load. Labels are kept as close as possible to objects they 
describe to reduce the amount of eye travel, ideally improving student intake of what 
is being discussed by the class, rather than what is on the screen. Incorporation of 
board work is also designed to focus student attention on the topic being discussed. 
Ideally, this will prevent students from becoming overwhelmed by mixing complex 
visuals and text, especially since the instructor will be talking at the same time.

12



Example of Active Learning: 

An important aspect of this course is the group work done in lecture and recitation. This provides 

multiple easy opportunities for implementation of active learning techniques, either using clicker 

questions, in-class discussions amongst group members, or team assignments handed out during 

recitation. For example: 

 

Think-pair-share can be incorporated by introducing a multiple choice problem to the class, such 

as one found in the Examples of Summative Assessments section. Students can be asked to 

respond to the question individually using their clicker. Afterward, you can ask them to turn to 

their partner and discuss their answers together. Then ask the students to answer the question 

again and evaluate whether their performance has improved or not. This could be a particularly 

helpful strategy on questions where the majority of students struggle. Clicker questions can be 

easily tailor to address any of the first five learning objective, or factual questions regarding good 

teamwork (LO 6). 

 

This course also implements regular peer evaluation of so that students can provide feedback to 

their fellow teammates regarding their performance in the team. There are many evaluations 

available, an example is included in the Topics and Assigned Readings and Instructional Videos 

section. Teams will be asked to fill out these evaluations three times, dispersed evenly 

throughout the semester. The forms will then be submitted directly to me where feedback will be 

typed up anonymously and returned to teammates with constructive feedback. This aligns well 

with the sixth learning objective of the couse. 

 

Brainstorming can be implemented into the class by having student generate different chemical 

which are important to our everyday life in a modern society. This can be tied in to the 

importance and need of chemical engineers to sustain our way of live. See the Example of 

Multimedia Teaching for detailed instructions on how this can be implemented into the 

beginning of a course as a powerful motivational tool. This is not directly related to any of the 

learning objectives outlines in the syllabus, but student motivation is critical to ensure their 

engagement in other assignments which are. 

 



Example of SoTL Intervention: 

For this class, I would be interested in testing the effects of just in time teaching (JiTT) strategies 

in order to evaluate changes in student performance, and interest in chemical engineering. 

Currently, the course is designed to emphasize the importance of pre-class work by aligning the 

first few clicker questions asked in class with the reading assigned beforehand. I would like to 

see if there are significant improvements to student performance if the reading is coupled with a 

problem to be submitted before the class. I hypothesis this will improve performance, but I am 

unsure of the magnitude or the additional demands on my time. 

 

To facilitate this study, I would run the course as is outlined in the portfolio at least once. From 

this course, I would collect information about the student’s backgrounds from the team 

evaluations. This would include educational background, currently major, and interested in 

chemical engineering among others. I would also implement an evaluation to be given before the 

class begins on information taught in the course. Ideally, this will provide a base line for 

comparison between the two courses and other potentially confounding factors. All of these 

strategies would be implemented into a second section of the course where JiTT is incorporated. 

I would endeavor to keep all of the assignments the same between courses and also record the 

amount of time spent preparing for classes in both. 

 

To compare the performance between the two sections. I would use test scores as a direct 

measurement of student performance. I would coupe this with a student evaluation asking 

students to rate their opinion of chemical engineering and their desire to peruse further courses in 

the field. These would parallel the questions asked at the beginning in the team evaluation forms 

so that the change in student opinion can be measured. This in-direct study would pare well with 

student performance, as improved grades will also likely lead to improved student motivation. 

 

Student performance is directly related to their grades in the class, this is a highly valid and 

reliable measurement, and one of the key strengths of the study design. Should there be a large 

difference in student performance on the pre-class test, this could potentially confound the results 

of the study. Hopefully, the additional information from the team evaluations can be leveraged to 

identify common characteristics between those who are altering the scores. 


