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Abstract  
 

The Capstone Design Course instructional team was selected to participate in the digital learning 

initiative at the University of Alberta. The goals of this initiative are to increase student engagement and 

promote flexible, independent learning. The objectives of the instructional team were to enhance the 

interactions between instructors and student design teams in the face of increasing enrollment and to align 

the course strategically with attributes expected for graduating engineers set out by the University and 

elaborated in the Canadian Engineering Accreditation Board (CEAB) Guidelines. Existing course 

materials were redeveloped to an asynchronous online format for individual student engagement. Related 

activities were completed in class. Course delivery effectiveness is being evaluated by comparison with 

previous cohorts, pre - post course student skill self-assessment, student engagement and satisfaction, and 

will include post course interview and survey data. 

This thesis contributes to the development of a continuous improvement process for teaching and 

learning for Chemical Engineering students, by creating a blended course design based on constructive 

alignment with program objectives, learning activities and performance based assessment consistent with 

the Canadian Engineering Accreditation Board Graduate Attribute Assessment. Examination of factors 

that impact the quality of the learning experience for students and instructors, studying the impacts of 

changes, tool development and technology applications, especially blended learning, to determine 

significant factors in improving learning, performance, and satisfaction are key elements of this work 

The key research questions investigated in this work are: 

 Does flipped learning lead to equivalent or better outcomes for Design II students?  

 Is CEAB Graduate Attribute development demonstrated from data collected? 

 Is student effort and quality of the final report equivalent or better for flipped learning students? 

 Does a flipped learning structure produce equivalent or better academic performance? 

 Is the co-op program a predictor or factor in student outcomes in design? 

 Is the co-op program a predictor or factor for student results in a flipped structure? 

 

While studying the data to answer these questions potential confounding variables were identified.  

These variables were examined to determine the potential impact (bias) on the measurement of student 

performance and comparison of the traditional and blended course design outcomes.  Confounding 

variables included student to instructor ratio, course design model (mentorship or internship), program of 

study (co-op or regular), and student intellectual development bias within the co-op and regular program 

cohorts.   
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The principle findings of this study are that blended learning in the context of a flipped design course 

structure resulted in equivalent aggregate student performance and individual outcomes when compared 

with historical traditional results for both co-op and regular program students.  Graduate Attribute 

development was demonstrated from the data collected.  Student effort and quality of final report 

produced is found to be equivalent regardless of the course structure.  A flipped learning structure 

produced equivalent academic performance when compared to historical performance. The co-op 

program was found to be a predictor of higher academic performance in the design course historically 

when student instructor ratios were high.  It is less of a factor in the internship model and when student 

instructor ratios are lower.  Co-op students are more likely to achieve a grade of A+ in capstone design 

than regular program students, most other grades are equally likely between the two programs when 

comparing historically and between the blended and traditional delivery methods.  Ongoing course 

developments linked to the second iteration of the pilot project are described and discussed. 
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This thesis is an original work by Marnie V. Jamieson. The CTL blended learning research project, of 

which this thesis is a part, received research ethics approval from the University of Alberta Research 

Ethics Board, No. Pro00048272. 
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This work is dedicated to the achievement of professional knowledge in the context of lifelong learning: 

 

“Many teachers and educators prize knowledge to some extent because of the simplicity with which it can 

be taught or learned.  Mass methods, such as lectures, audiovisual methods, printed material and the like 

can be readily used for the acquisition of information.” (p. 34) 

“Although information or knowledge is recognized as an important outcome of education, very few 

teachers would be satisfied to regard this as the primary or sole outcome of instruction.  What is needed is 

some evidence that the students can do something with their knowledge, that is, they can apply the 

information to new situations and problems.  It is also expected that students will acquire generalized 

techniques for dealing with new problems and materials. Thus it is expected that when a student 

encounters a new problem or situation, he will select an appropriate technique for attacking it and will 

bring to bear the necessary information, both facts and principles.  This has been labeled “critical 

thinking” by some, “reflective thinking” by Dewey and others, and “problem solving” by still others.  In 

the taxonomy we have used the term “Intellectual abilities and skills.”  The most general operational 

definition of these abilities and skills is that the individual can find appropriate information and 

techniques in his previous experience to bring to bear on new problems and situations.  This requires 

some analysis or understanding of the new situation; it requires a background of knowledge or methods, 

which can be readily utilized; it also requires some facility in discerning the appropriate relations 

between previous experience and the new situation. (p. 38)” 

Excerpted from the “Taxonomy of Educational Objectives, the Classification of Educational Goals, 

Handbook I: Cognitive Domain”   - Benjamin Bloom et al. (1956) Sourced June 25, 2015 
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P&ID  Piping and Instrument Diagram 

pt  point 

RCT  Randomized Control Trials 

σ 4.0 pt GPA Standard Deviation of the population indicated from 2004-2015 

SAM  Successive Approximation Method an ISD method based on a 

modification of ADDIE.  Iterations of design are used prior to 

implementation 

SI Ratio  Student to Instructor Ratio 

SOM  Screen Cast-O-Matic software for recording learning elements 

SPC  Statistical Process Control 

STDev 4.0 pt GPA The standard deviation of a specified cohort 

UNPLx 4.0 pt GPA The upper control limit (Wheeler and Chambers, 1992) 

URL  Uniform Resource Locator 

VLE  Video Learning Elements 

VMG Sim  Virtual Materials Group Simulator: A process simulator 

Xbar 4.0 pt GPA The average of a specified cohort grouping of interest 

Xbar shift 4.0 pt GPA The change in Xbar for the 2004-2009 cohorts to the 2010 – 2015 

cohorts.  Used to examine changes between Mentorship and Internship 

course models 

XmR 4.0 pt GPA Average of the Moving Range (Wheeler and Chambers, 1992) 
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1. Introduction 
  This work continues the tradition of continual improvement in design instruction (curriculum, 

teaching methodologies, and assessment) that has been practiced at the University of Alberta from the 

inception of the Chemical Engineering undergraduate program. With the establishment of web based 

teaching, increased use of eLearning resources, potential assessment applications and an increasingly 

proscriptive and ambitious undergraduate program evaluation environment, a systematic study to examine 

the scholarship of engineering process design teaching and the application of problem based learning in 

the context of project based teaching was initiated. The study focuses on an evaluation of the teaching and 

learning impacts of the decision to employ blended learning techniques in the capstone project course. 

Examination of the application of learning management system (LMS) technology to course delivery 

methods including the recent flipped instruction pilot is also included in the study. A holistic approach 

was taken to data gathering and analysis. Historical student performance data (program admission 

averages and design course performance data for the co-op and regular streams) were made available to 

the study. Blind student survey data (written and interview data) related to student experience and 

instructional impact, anecdotal survey data from instructors, and automated data mining techniques were 

all used in the assessment of student performance, student learning, student experience, instructor 

satisfaction, and instruction effectiveness. A brief history of the chemical engineering design courses at 

the University of Alberta, presented in Chapter 2, outlining the pedagogical decisions and student 

outcomes over time, provides both a background and a context for the present study.      

1.1. Motivation 

The goals of the University of Alberta digital learning initiative (to promote flexible, independent 

learning and increase student engagement) were combined with the capstone design course instructional 

objectives (to enhance quality interactions between design instructors and student design teams). The 

Capstone Design Course in Chemical Engineering is a project course where approximately 25 teams of 5-

6 students each complete a unique industry sponsored design project.  Students must research the project, 

identify and compare competing options using sustainable design criteria, develop a team structure, a 

project plan and schedule and then complete the design project.  Four capstone design instructors teach as 

a team in the same section.  Projected enrolment increases demand a solution that preserves student 

learning and performance outcomes while maintaining instructor time commitments to course delivery. 
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1.2. Student/Instructor Study Group 

The study group includes student and instructor cohorts from 2004-2015 for CHE 435/465 (Design 

II).  From 2004-2015 the student cohort is the University of Alberta Chemical Engineering graduating 

class and includes both the co-op and regular program cohorts. From 2004 to 2009 the instructor cohort is 

the same.  From 2010 to 2015 the instructional team increased from three to five instructors and the 

number of instructors per year varied. However the core instructor team was the same and most of the 

instructors had some involvement with the course during this period. The historical data includes: 

instructor interviews spanning 1966-2015 concerning teaching practices, former/current student 

interviews encompassing experiences from 1955-2015, Design II student final course marks and program 

entry marks from 2004-2015, student pre-post course skill perception survey data from 2015, student 

experience post course survey data, and student access to the learning management system for 2014-2015.  

1.3. Measurement and Comparison of Student Performance 

The grading procedures for the capstone course have changed over time.  For example, while the 

final report grading is completed using the same criteria and mark allocation for all study years, the 

grading procedure has evolved from 2 instructors marking half the reports each with the highest and 

lowest being remarked for calibration (2004-2009) to a system where the majority of the reports are 

double marked independently. Following discussion with the instructional team, and possible review by a 

third instructor, a final mark is assigned. It is not known in advance which reports will be double marked 

and typically the marks agree within 1-5 points out of 80. This procedure is detailed in Appendix A. This 

evolution in grading practices means results from 2004-2009 are more comparable and results from 2010-

2015 are more comparable from an evaluation perspective.  Procedures used for 2014 and 2015 were 

identical with grading done by the same instructors, hence final grades are comparable between the 

traditional and blended classroom.   

Measures of student performance include the quality of the final project report as evaluated in the 

course context against a marking rubric and report specification guidelines and criterion. These data are 

the basis for the 2004-2014 retrospective study of student cohort performance in the design course 

presented in Chapter 2, the 2004-2015 ecological and retrospective cohort studies, and the 2014-2015 

comparative case study. Faculty and program admission aggregate performance data is examined to 

quantify program cohort bias as part of the ecological study. A pre and post blended course student skill 

perception comparison study based on indicators related to the Graduate Attribute Assessment, observed 

student behaviors, comparison of traditional lecture and blended cohorts with respect to handing in 

assignments, downloading software, timing of questions and types of questions asked was also 

performed. Each of these studies has the specific objective of comparing the traditional and blended 
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delivery on student outcomes while accounting for the impact of confounding variables. Students in the 

2015 cohort were monitored closely by examining student learning, performance and satisfaction for 

comparison with previous student performance to determine overall impact of moving to a blended 

learning environment.  As student cohorts change from year to year, assessment of blended learning 

impacts on individual student needs is challenging.  An ecological study was chosen to compare program 

effects on aggregate student performance under various pedagogical models implemented from 2004-

2015.  The retrospective cohort analysis attempts to further this by investigating program and model 

effects on individuals.  Case study comparison methods are used to compare the 2014 and 2015 cohort 

LMS access and lecture delivery time.  A case study was chosen to review student self assessed skill 

competency perceptions pre and post course for a portion of the 2015 cohort.  

1.4. Terminology Conventions 

 

Blended learning is defined as an instructional program thoughtfully fusing and connecting online 

learning for a portion of the student/instructor interaction and face-to-face (in class) learning for the 

balance so that the educational experience is enhanced. (Garrison & Vaughn, 2008) 

The Canadian Engineering Accreditation Board or CEAB is the board established by Engineers 

Canada to accredit Canadian undergraduate engineering programs to ensure that they meet or exceed 

minimum educational standards acceptable for professional engineering registration in Canada. The 

CEAB is also responsible for auditing and assessing programs, at a minimum once every six years.  

CEAB Graduate Attribute Assessment (GAA) is one of the measures used by the CEAB to 

evaluate engineering programs.  The Graduate attributes consist of qualities under the following headings:  

a knowledge base for engineering, problem analysis, investigation, design, use of engineering tools, 

individual and team work, use of communication skills, professionalism, impact of engineering on society 

and the environment, ethics and equity, economics and project management, and life long learning. 

(CEAB, 2014) 

The Center for Teaching and Learning or CTL at the University of Alberta is a central entity that 

supports the development of digital learning environments  “to create and sustain a vibrant and supportive 

learning environment that discovers, disseminates, and applies new knowledge through teaching and 

learning, research, creative activity, community involvement, and partnerships” (UofA Mission, 2015).  

CTL is a key partner in the Provost’s Digital Learning Initiative (PDLI), which funded this project, and an 

essential resource for this project and others funded under the PDLI.  
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Criterion referenced assessment (CRA) is a performance measurement method where the criteria 

for obtaining a certain mark are set and provided to students prior to any teaching.  The assessment of the 

final product is done according to the criteria.  (Biggs, 2003)  For the purpose of the design course, 

students may only attempt to produce a final report once.   

A Continual Improvement Process (CIP) is defined, in this context, as a process demonstrating that 

capstone design course outcomes are being assessed and results applied to further the development and 

improvement of the course.  Assessment includes student and instructor feedback on course effectiveness 

in the context of the CEAB graduate attributes. (CEAB, 2014; Hattie, 2009) 

Course objectives are defined as instructional goals.  These may be general, such as: integrate all 

prior knowledge from the undergraduate curriculum… or specific, such as: Design process layouts, 

which reflect an appreciation for relevant fire and explosion codes, and standards for access and 

insurability. Ideally, course objectives are mapped to CEAB Graduate Attribute Assessment criteria. A 

course objective typically has multiple learning objectives related to achieving a terminal goal and is used 

to develop curriculum content. (Biggs, 2003; Hattie, 2009; Sosniak, 1999) 

Course plan is defined as a time-based strategy linking course objectives to learning objectives used 

to guide development of learning resources, activities, assignments and assessment. (Garrison & Vaughn, 

2008) 

Design I (CH E 464) refers to the first design course taken in term 7 of the undergraduate Chemical 

Engineering program.  In the current format the first half of the course is lecture based and the second half 

comprises an industry sponsored design project. The course has a midterm and final exam. This is a face-

to-face course with lecture, laboratory, and project components. (Pick and Rajendran, 2015) 

Design II (CH E 435/465) is the Capstone Chemical Engineering Design Course taken in term 8.  In 

the current format (2015) this course has an online learning based component, an in class active learning 

component and a major industry sponsored 13 week team design project to apply learning and further 

develop CEAB Graduate Attributes (GAs). (Jamieson and Shaw, 2015) 

Learning objectives are defined as the ability of the student to perform a specified task under certain 

conditions and can be used as indicators or measurements of the development of individual students. An 

example: After completing a PFD students will complete a P&ID for a single piece of simple equipment. 

Bloom’s taxonomy and or the SOLO taxonomy can be of assistance in writing course and learning 

objectives to target specific cognitive development (Airasian, 1999) and knowledge application levels 

(Biggs; 1996, 2003).  
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A flipped classroom is defined in this work, as a subset of blended learning where asynchronous 

online instruction is provided to students prior to in class time where active learning connected to online 

instruction is guided and facilitated by instructors (Watson, 2008).  In the blended learning 

implementation for the capstone design course, post class asynchronous applications directed toward 

individual project completion were also included. It is noted that a classroom may be flipped and not 

blended. 

Functional knowledge is based on the idea of performance understanding.  It encompasses 

conditional knowledge subsets of declarative and procedural knowledge.  Professional knowledge is 

functioning, specific and pragmatic.  (Biggs, 2003) 

Internship course model is the 2010 - 2015 course model where instructors assume the role of an 

Engineering supervisor or project manager.  They meet with the same teams weekly to provide advice, 

monitor progress and understand individual contributions to the team.  The course operates in a similar 

manner to an EPC office and students are treated as accountable interns in a work experience 

environment. Students are expected to monitor their progress and project schedule weekly. 

Mentorship course model is the 2004 – 2009 course model where instructors assume the role of a 

mentor.  They meet with teams weekly to provide advice, answer questions and discuss concerns while 

monitoring individual contributions to the team.  Students completed projects and could ask for advice 

from either mentor as required. 

Student cognitive task level is defined according to Bloom’s taxonomy (Bloom, 1956) and 

discussed in Chapter 4. Learning objectives for the chemical engineering capstone design course tend to 

be concentrated at the top of the pyramid: analysis, synthesis, evaluation and creativity.   

Student engagement is defined in the context of teaching a large technical class and employs active 

learning techniques as a basis for team activity development and accountability. (Jacobson, 2002) 

Student intellectual development is defined as a qualitative observation and classification of 

students according to Perry’s schema. (Perry, 1970) A modified version of the schema describes the 

student’s worldview, view of the instructor’s role and the student’s role (Knefelkamp, 1979). These 

perspective categories are expanded and Perry’s original nine stages are simplified to four: dualism, 

multiplicity, relativism and commitment as described in Chapter 4.  It is recognized individual student 

intellectual development is complex and may vary between stages for various perspective categories and 

is not quantitatively measured in this work. Observational trends are applied. 
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Student learning is examined through instructor observations, conversations and student self-

assessment.  The student or instructor perception of the student’s functional knowledge and the level of 

skill mastery perceived typically measure learning.  Performance is not necessarily an equivalent measure 

of learning. The degree of student learning is dependent on student ability at the beginning of the course 

and the change during the course.  “Learning is best conceived as a process and not in terms of outcomes” 

(Avis, Fisher, Thompson; 2010). 

Student performance is defined as the final course grade and includes term work. Performance is a 

result of student ability to perform a set task meeting specific criterion by the end of the course. In the 

case of the CH E 435/465 final report, the performance assessment is a criterion referenced assessment 

(CRA) and can be found in Appendix A.  The final report quality is a significant determinant of course 

performance. At times, student performance components are examined using text analytics, task 

completion relative to deadlines and work completion quality.  Performance is typically measured by 

what students produced and when relative to deadlines. 

Student programs options are co-op and regular.  The regular program is the traditional method of 

educating engineers at the University of Alberta. This program of study includes a common first year, 

discipline selection after first year and three years of discipline specific study grouped into fall and winter 

terms with the summer term available for student obtained work experience.  The co-op program includes 

all course elements and the first year experience of the regular program.  In addition, twenty months of 

engineering related work experience supported by the University of Alberta Co-op Office start in second 

year.  There are several patterns of academic and work terms offered.  The co-op program takes an 

additional calendar year to complete. In this study, sub specialties, such as computer and process control, 

oil sands, etc., are lumped and examined as part of the co-op or regular groups.  

Student satisfaction is defined as how much the student enjoyed the learning processes.  It can 

include enjoyment with setting schedules, goals, activities, selecting teammates and accomplishments.  

Student satisfaction is typically measured using anonymous student comments and survey results.   

A traditional classroom is defined in this work, as the in person lecture method of providing 

information to students in a classroom.  In the case of the traditional implementation for the capstone 

design course, power point presentations were delivered in two consecutive one-hour time slots twice per 

week.  Limited interaction with students was possible due to the large section (~120 students). An online 

component was present, but no in class restructuring had occurred.   
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1.5. Global Objectives of the Thesis 

The overall objective of the Blended Learning Award, described in Chapter 3, is to improve student 

learning in chemical engineering design by implementing relevant aspects of globally identified best 

practices for teaching and performance evaluation. To this end, redesign of the capstone design course 

from a lecture based project course to a blended learning course with an asynchronous individual on line 

learning space and connected group face to face learning space flowing to team project applications was 

undertaken.  Specific issues addressed in the blended course design include: the broad range of student 

learning needs, discussed in Chapter 4; adapting to and adopting valuable new technologies and teaching 

methods, discussed in Chapter 5; meeting CEAB requirements both from curriculum and assessment 

perspectives discussed in Chapter 4 and 5 respectively; engaging students in effective learning, discussed 

in Chapter 6.  

The effectiveness of the first iteration of the redesigned course implemented in the Wi2015 pilot is 

measured by research questions outlined in Chapter 3.  Specific research questions investigated in this 

thesis comprise elements of the overall research components of the Blended Learning Award. In 

particular, the impact of blended learning and teaching methods on chemical engineering capstone design 

student performance, including CEAB indicators, and student satisfaction is evaluated as the following: 

 Does flipped learning lead to equivalent or better outcomes for Design II students?  

 Is CEAB Graduate Attribute development demonstrated from data collected? 

 Is student effort and quality of the final report equivalent or better for flipped learning students? 

 Does a flipped learning structure produce equivalent or better academic performance? 

 Is the co-op program a predictor or factor in student outcomes in design? 

 Is the co-op program a predictor or factor for student results in a flipped structure? 

 

  In order to study these issues holistically, historical data related to student course performance, 

evolving baseline pedagogy, student instructor ratios, and student industrial experience (studied as co-op 

vs. regular program) are investigated to determine internal validity of the cohort comparisons especially 

sources of bias, history, and instrumentation (Campbell, 1966). Potential confounding factors impact the 

ability to discern the impacts of exposure to blended learning on student outcomes, student satisfaction, 

instructor perceptions and satisfaction.    

Comparison of the traditional lecture format project course with the blended version is accomplished 

by first examining the complete historical graduating class cohorts final course performance during the 

study period. Next final performance is examined for co-op and regular program cohort natural groupings 

for each year of the study.  The ecological study of the average cohort performance provides a basis for 

examining the impacts of evolving course pedagogy including the blended learning pilot and possible 
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confounding factors.  The next phase of the study used statistical process control to evaluate evolving 

pedagogy impacts on the process of learning as evidenced by the performance outcomes.  Individual 

student performance is then examined to determine the possibility of grade prediction based on 

confounding factors.  The results of these analyses prompted further examination of the cohorts in a 

retroactive study to quantify the impact of program selection vs. the pedagogical decision to design a 

blended course.  This examination was completed using a post test only natural control group design.   

Proof of student access is then examined as a case study using static group comparison of the Wi2014 

and Wi2015 cohorts.  Student satisfaction is assessed via a post course survey, and student perception of 

their skill level development in the CEAB Graduate Attributes was assessed using a pre-post test 

experimental set up.   

Research on, creation and evaluation of learning elements during and following the first iteration of 

the flipped course; implementation of pedagogical tools to support course functions (team development); 

automation of data analysis; creation and implementation of surveys to evaluate the effectiveness of 

flipping, all comprise important subsidiary tasks.  Chapter 7 discusses the basis for study selection and 

application and Chapter 8 the study results.   

1.6. Thesis Outline 

The starting point for this work is a University of Alberta peer reviewed Blended Learning pilot 

project, led by J. M. Shaw, and supported by the Centre for Teaching and Learning, and the Department 

of Chemical and Materials Engineering. The goal of the pilot program is to seed development/application 

of demonstrated best practices that support student learning by leveraging best on-line and in class 

teaching methods in diverse courses/undergraduate programs across campus.  For this project, the focus is 

chemical engineering design course blended design, instruction and performance outcome evaluation. To 

provide context, the history of design instruction in Chemical Engineering at the University of Alberta is 

described in Chapter 2. The capstone design course began using an online LMS as a resource repository 

in 2004. The online component developed gradually as a go-to resource. The first blended learning 

objects were introduced during the winter 2014 term, to observe student acceptance and to provide online 

materials not covered in lectures. Informal positive student response to reducing in class lecture time and 

increasing in class time for project work and discussion encouraged further development.  With the 

blended learning award (outlined in Chapter 3) and the assistance of CTL, an accelerated course 

redevelopment plan presented in Chapter 4, was researched, designed and implemented.  Electronic data 

gathering, course development, and continual improvement tools needed to demonstrate CEAB 

accreditation and GAA requirements are described in Chapter 5. Creation, development and preliminary 
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evaluation of blended learning objects using the Successive Approximation Method (SAM) to rapidly 

develop succedent prototypes for on line elements is discussed in Chapter 6. Instructor experiential 

learning in the development and implementation of learner objectives, integration of CEAB GAA, 

documentation needs and course planning of these teaching, learning and assessment prototypes ahead of 

the launch of the redeveloped course during the winter term 2015 are described using illustrative 

examples. A listing of learning objects prepared for the pilot is also provided. A discussion of evidence 

hierarchy and study design methods (Chapter 7) is followed by the study results (Chapter 8). Analysis of 

findings in the context of management and continual improvement of the design course including 

application of results and demonstration of the CEAB GAA (Chapter 9) is followed by a discussion of 

undergraduate program continuous improvement strategies for enhancing design student success and 

exploration of how CEAB performance based graduate attributes can be further developed earlier in the 

chemical engineering undergraduate program (Chapter 10). The conclusions from the first iteration of the 

blended redevelopment, using a flipped approach, of the capstone design course are presented in Chapter 

11 along with recommendations for further improvements for the iteration 2016 of the course.   

Summative reflections on the teaching and learning outcomes from this work are presented in 

Appendix B.  The first, published as “Chemical Engineering Case Study” in Part II of The Flipped College 

Classroom: Conceptualized and Re-conceptualized, edited by Ross Perkins, Boise State University; Lucy 

Santos Green, Georgia Southern University; Jennifer R. Banas, Northeastern Illinois University; to appear 

as a book published by Springer, New York, focuses on lessons learned and the second, published as “The 

University of Alberta Chemical Engineering Design Course Goes Flipped” in the CEEA 2015 Conference 

Proceedings published online and archived on the Queens University library system at 

http://library.queensu.ca/ojs/index.php/PCEEA/issue/view/544, focuses on elements of course design and 

preliminary findings. 
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2. University of Alberta Chemical Engineering Education Development 
Changing cohorts, societal, professional, and pedagogical developments have led to course and 

curriculum design changes at the University of Alberta over time. Student cohorts have changed from a 

small mainly male Caucasian class with rural Alberta roots that graduated in 1955 to the large urban 

mixed gender, ethnically, culturally and linguistically diverse class that graduated in 2015. This shift 

reflects the enormous changes in Alberta over the intervening period. The numbers of Chemical 

Engineering graduates per year, shown in Figure 2.1, is expected to grow to 170 students in 2016 and to 

200 students in 2018 (Durynek, 2015; Matthias, 2015).  The design courses and the overall curriculum 

have adapted in response to these external pressures and the internal drive to provide the best education 

and best experience to students in preparation for sustainable careers in industry, design, research and 

business.  Continual reflection and improvement has led the department on a path of applying current 

technological and pedagogical techniques to education for more than sixty years.  Flipped learning is the 

latest in a long line of innovations intended to improve the Chemical Engineering educational experience 

and respond to the changing needs of student cohorts and societal needs more broadly.  Brief biographies 

of instructors who contributed to the history of design education development at the University of Alberta 

can be found in Appendix C.  
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Figure 2.1. UofA Graduating Chemical Engineers 1955-2015 (Source: UofA Alumni Office) and 
Projected Graduates 2016-2018 (Source: Faculty of Engineering Admissions) 
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2.1. Design Course History 

Development of the Chemical Engineering design course(s) at the University of Alberta came about 

as a result of the intersection of several key influences and contributors. The Department of Chemical 

Engineering was founded in 1946 as part of the Faculty of Applied Science. The Faculty of Applied 

Science, established in 1913 was renamed the Faculty of Engineering in 1948. 

This history was developed from personal and email interviews with selected former and current 

instructors, students, and administrators who shared their experiences, recollections and perspectives. 

These individuals include instructors closely involved with the University of Alberta Chemical 

Engineering design courses in the past and those who knew them.  I am humbled by the commitment of 

the instructors to student transformation into practicing engineers and their long-term pursuit of the 

optimal strategy to achieve that transformation. I have been a part of this transformational experience as a 

student, as an instructor, as a researcher and as an educator.  It is with gratitude that I acknowledge the 

contributors to this history, to students and instructors for their contributions to my own development, the 

development of the design course, and that of approximately 3500 Chemical Engineering Graduates.   I 

also acknowledge those who have supported and continue to support the Chemical Engineering design 

courses by teaching foundational concepts of Chemical Engineering in ways that change who students are 

and the way they think. 

2.2. 1955-1965 

According to the 1955 University of Alberta Calendar, 4th year Chemical Engineering students had 

a choice: a Research Project, a Design Project, or a course on Industrial Chemistry. Dr. Alan Mather, who 

taught at the University of Alberta from 1967 to 2011, indicated that students thinking of graduate studies 

took the research project, some others took the design project, but most students took the industrial 

chemistry course. Dr. Fred Otto, a 1957 graduate who continued on to graduate studies and completed the 

research project, corroborates this. However, by 1959 all students had to take the design course then 

taught by Dr. Ivo Dalla Lana.  The research project and the alternative chemistry course were no longer 

offered as options in the calendar.  The 1959 version of the design course comprised groups of two 

students developing and completing different projects.  Dr. Mather was one of the early participants of the 

design course. In the mid 1960’s Dr. Don Quon, a 1944 graduate of the U of A, attended a workshop run 

by the Ford Foundation at the University of Michigan and returned to the University of Alberta promoting 

the ideas of inter departmental co-operation in engineering design education. 

The Ford Foundation was established on January 15, 1936. Due to significant growth in the value of 

the foundation the 1949 Gaither Report recommended five key areas of support.  Education in a 
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Democracy was one of the areas proposed in the study.  From that point forward the foundation has been 

supporting education: 

…Activities to strengthen, expand and improve educational facilities and methods to enable 

individuals to more fully to realize their intellectual, civic, and spiritual potentialities; to promote 

greater equality of educational opportunity; and to conserve and increase knowledge and enrich our 

culture. (Page 81, Gaither Report, 1949) 

In October 1960, the Ford Foundation gifted four US Universities with approximately $3 million in 

grants to support the development of engineering education:  The North Carolina State College, which 

became North Carolina State University (NCSU) in 1962, The University of Florida, The Georgia 

Institute of Technology and the University of Texas (The Alcalde, 1960).  The foundation also funded 

other projects during the 1960’s such as the application of computers to engineering education and design 

education. These programs were funded at the University of Michigan and some promoted computer use 

in engineering under the direction of Professor Donald Katz (Hatcher, 1961).  Although the Ford 

Foundation did not endow the University of Alberta, the pedagogical ideas from the University of 

Michigan found their way to the Chemical Engineering Department early on. Both Drs. Mather and Otto 

completed their PhDs at the University of Michigan studying with Dr. Katz and Dr. G. Parravano 

respectively.  The University of Alberta design course continued to involve small student groups applying 

their knowledge to the design and evaluation of conceptual projects. 

2.3. 1965-1970 Problem Based Learning and Design Foundations 

Dr. Alan Mather, Dr. Reg Wood and Dr. Fred Otto recall this time frame well. In 1965 Dr. Jim T. 

Ryan was hired to teach the design course. He taught on his own for several years. In 1968 as a result of 

the promotion of interdepartmental cooperation in design, the Chemical Engineering Department decided 

to offer a three-course design sequence in 2nd, 3rd and 4th year.  The second year course consisting of 

general design topics and was common to Chemical and Mechanical Engineering.  Specific courses 

applicable to process design had not yet been taken, such as distillation, reactors and fluid mechanics so 

projects needed to be both general and simple.   The 3rd year course was about equipment sizing and 

costing. The fourth year design course continued in a similar manner as the 1959 version with a unique 

open-ended design problem.  

  In 1966 Dr. Wood joined the department and was assigned CH E 365 “Industrial Stoichiometry”.  

The second year design course had not been a success and was redeveloped into a materials and energy 

balance course, renamed CH E 365 “Process Analysis”. Dr. Wood taught it for many years.  By 1985, Dr. 
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Wood was using Felder and Rousseau for teaching this course and he employed problem based learning 

and skill development in weekly seminars. Dr. Wood continued to use these methods to form the mass 

and energy balance foundation for the design course until he retired in 1997. Richard Felder from NCSU 

is a prolific writer on Chemical Engineering Education and problem based learning in the foundation of 

fundamental skill development. The 3rd and 4th year design courses remained the same for a number of 

years.  

2.4. 1970-1980 Design Pre Requisites and Program Placement 

By 1975 the design instruction continued as a third and a fourth year two-course sequence. The key 

instructors in the design courses continued to be Drs. Alan Mather, Ivo Dalla Lana, and Jim Ryan.  Bill 

Pick studied design at the U of A in 1978.  At that time the first design course was in 3rd year and had 

some lectures and a simple design project.  In 1979 he took the fourth year design course and the course 

was entirely project based, with 19 (two-member) student teams.  Projects were still unique and most 

would have been classified as open-ended complex problems. Mr. Pick’s recollection of his design 

experience is: 

“I took the CHE 464 equivalent in 1978 from Dr. Al Mather. The course was in third year. At that 

time, as we do today, the course was split into 2 parts: first half lectures/assignments, second half 

projects. Projects were done in teams of 2, and processes were taken from the literature of 'standard' 

processes. Ours was a sulphuric acid plant. The heart and soul of our research was Stanford 

Research Institute (SRI) Process Economics Program, available in Cameron Library. There were 38 

students in my class, so there were about 19 projects in Design I that year. I marked assignments in 

Design I equivalent in ~ 1983 under Dr. Ivo Dalla Lana. I took Design II (the CHE 465 equivalent) 

in 1979 from Jim Ryan. At that time, there was no formal instruction. Projects were from Dr. Ryan 

and other academics, often with very little or no industrial connection. Many could be classified as 

"wild and woolly". Mine was district heating of a town, using waste heat from a tailings outflow. The 

project was based on the Shell mine and upgrader which ultimately became Albian.” (Pick, 2015) 

Extensive co-op placements from eastern universities in Alberta increased competition for student 

job opportunities. Hence in 1979, the Dean of Engineering, Dr. P.F. Adams, requested a formal proposal 

be developed for an optional Co-op program in Engineering at the University of Alberta.  The 

Government of Alberta approved the proposal and during the summer of 1981 the first group of 

mechanical co-op students started a summer work term.  The program was expanded to Chemical 

Engineering in 1983. 
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2.5. 1980-1990 Small Classes Close Knit Communities 

Over this decade Drs. Ryan and Mather continued to teach the design courses in the department. Dr. 

Murray Gray joined the department in 1983 and he was part of the teaching team in Design II during 1984 

and 1985.  Dr. Fred Seyer returned to the Department in 1984 after a sabbatical at Syncrude, and joined 

Dr. Ryan to teach design until the late 80’s. I studied design with Drs. Ryan and Seyer during the 1987 – 

1988 academic year. Typically students were members of self-selected groups of 2 or 3. Each group 

worked on an open-ended project that had relevance to industry but the projects were not specific to or 

supported by an industry sponsor.  Feed compositions and product specifications were developed from the 

literature or research data. At times this posed difficulties for design considerations.  My recollection is: 

“My experience as a student entailed two design courses both taught in fourth year (term 7 & 8) 

similar to the way they are now, however, the teaching for both was largely inductive, individualized 

and project based.  Sizing and costing were developed in Design I. The design projects were both 

full term projects, typically groups of 2 for Design I and groups of 3 for Design II, however the first 

project was typically better known than the second project. Use of Hysim to model the process had 

been recently introduced and the process simulator was not yet commonly used in industry.  Our 

projects were a carbon dioxide pipeline design and direct coking of oil sands materials (sponsored 

by Dr. Gray) respectively. Teams were self-selected and the class size was 40.  I thrived in these 

classes and developed lifelong learning and problem solving skills that served me throughout my 

career.  Ryan and Seyer had a rule to limit student demands on their time: “If you don’t come to 

class don’t come to our office with questions.”  I was in class and I asked questions - that just in time 

“back of the envelope” teaching was sometimes really needed to figure something out.  I would 

describe the experience in the design course as transitional and transformational from student to 

engineer - but not as transformational as working in operations. “ 

The methods applied at this time were in keeping with problem based learning (PBL), inductive 

teaching and open-ended problem classrooms.  They were progressive methods that had their roots at the 

University of Michigan and North Carolina State University (NCSU) brought back to the University of 

Alberta by engineering education pioneers in the department and implemented in design and material 

balance courses.   A design problem was given to the students and “just in time” teaching was applied.  

Only the final report was graded, and no formal interim reporting was required at this time. As a result 

some teams did much of their work near the end of the term. 
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  This approach has a great deal of merit. However, students exploring open-ended problems don’t 

know what it is they need to learn. The learning process can be research intensive due to unknowns. The 

amount of research required, possibility and plausibility of solutions to some open-ended problems can be 

more than what the instructor or the student thought. This can cause a great deal of frustration and time 

wasting - which could be argued is just like solving “wicked” problems in real life. (Conklin, 2007) Some 

students may have prior knowledge or experiences or seek out previous examples of what is required to 

bridge the gap between linear problem solving methods and iterative approaches required for more 

complex open-ended design problems. Some students have developed what Dewey labels “reflective 

thinking” skills and Bloom classifies as “intellectual abilities and skills” (Bloom, 1956) to take them from 

abstraction to concrete solutions rapidly and iteratively while other students may fixate on the first 

solution developed and attempt to use a linear problem solving method. (Moraes, 2015) This may be one 

of the key differences between the students who achieve higher grades and those who do not, as teaching 

thinking skills and design methods was not yet a formal part of the engineering curriculum.  It was 

thought to be an intuitive skill. 

During the 1980’s projects often came from process research and sometimes from industrial 

problems. The graduating classes comprised 30 to 50 students.  The first cohort of chemical engineering 

co-op students graduated in 1986 along with a cohort of regular stream students.  At this time there was 

not a significant difference in the co-op outlook and the regular program outlook as students in both 

programs had similar opportunities.  Co-op students and regular students submitted applications to 

companies who posted jobs with the Career and Placement Services then located in the Student Union 

Building, of which the Engineering Employment Centre was a part.  As the co-op program gained 

popularity, competition for engineering placements increased. 

Another significant development at the close of this decade was the Chemical Engineering 

Department received a gift to establish a Stollery Executive in Residence program.  Dr. Sieg Wanke 

explained the purpose of the program was to assist with developing real world problems and to provide 

real world data for design projects. The program was intended to be similar to one in the Faculty of 

Business.  Over time, this program evolved into the industry project sponsor program for design projects 

in place at present where advisors assist in developing initial project outlines and supply the input and 

output stream requirements for them. 
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2.6.  1990-2000 Industry Partners and Engineering Growth 

Fred Otto, Dean of Engineering from 1985 - 1994, was a member of the Canadian Engineering 

Accreditation Board (CEAB) from 1990-98 and chair from 1996-97. During this period the description of 

engineering design was revised and a requirement for a significant capstone design experience based on 

the knowledge and skills acquired in prior course work that gave students exposure to teamwork was 

mandated. The University of Alberta Chemical Engineering Program may have been the first to meet this 

criterion.  In 1994 Dr. David Lynch became the Dean of the Faculty of Engineering and a period of 

student and faculty growth started.  In 1996, Dr. Lynch became a member of the CEAB.   

Bill Pick became involved with CHE 465 on a casual basis to assist students with their projects 

during this period.  In 1991, as the first Stollery Executive in Residence, he gave lectures in both Design I 

and Design II, and supported projects. This arrangement was presented at the 1994 ASEE conference as 

paper 1654. A copy of this work is included in Appendix C.  Practicing engineers from various companies 

started to be a part of the undergraduate chemical engineering design program as it grew and developed.  

Eventually most CHE 465 projects had industry sponsors.  A former student during this period, Trevor 

Hawkins recalls: 

“About half-way through the term we were given a list of potential projects to select from. We 

formed teams of 2-3; we chose our own partners. We were encouraged to contact industry sponsors 

for our projects. I found our sponsors to be extremely helpful describing the objectives of the project 

as well as constraints, and they did a good job of leaving the problem solving to us.  This was among 

my favourite courses.  The content was practical, and I could see a definite use for the information 

Dr. Mather provided.”   (Hawkins, 2015) 

As enrolment increased the student design group size increased from 2 or 3 to 4 students working on 

one design project.  It was noted at this time that the student to instructor ratio was key to providing 

adequate support to the student teams.  The course continued to be taught as a single section and group 

size was increased to limit the number of projects required. 

Drs. Alan Mather and Murray Gray taught Design I between 1990 and 1994.  Dr. Gray recalls the 

collaborative nature of coordinating and teaching the design courses at the University of Alberta and the 

impact of the pedagogical choice of maintaining two design courses: 

“During the 1990s the first design course was offered twice each year, by me (Gray) one term and by 

Alan Mather in the other. The basic structure of the course was set by Mather, and the positive 
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feedback from the students encouraged us to keep the same approach of a series of lectures on 

design to link the fundamentals to sizing and costing of equipment, then a group design project.”  

“The success of the course is in pushing the students to apply their knowledge to real problems, and 

to work as a team on a real project. The Alberta approach differs from other universities by giving 

students two distinct design experiences, and by giving major feedback after a brief initial project. 

While the two-course approach was required by the co-op program, it has benefits in giving the 

students early feedback and assessment on a major group project.” (Gray, 2015) 

From 1990 onward student experiences in the co-op and regular programs began to diverge. The co-

op office took on a larger role in assisting the growing numbers of co-op students with placements. This 

was also true at other Canadian universities, and fewer industrial experiences were available for regular 

program students.  In 1996, a summer co-op academic term and a Calgary-based co-op coordinator were 

added as the program grew. By the end of the 1990s approximately half of the 80-100 chemical 

engineering graduates were co-op students.  Increasing enrolment put pressure on the design course 

format and student experience was impacted.  Jeff Ceccano, a 1999 Chemical Engineering Co-op 

graduate, comments: 

“Technically design really wasn’t a taught class, as I remember it, we had time available to talk 

with 2-3 professors and industry representatives were scheduled for specific weeks during design 

class time, you could choose to talk with them or not. My co-op term at Colt Engineering was where I 

learned engineering design. We typically worked cooperatively and collaboratively within the team. 

Two of our team members had direct ties back to EPC offices, two had strong operational experience 

and we could leverage this experience more than that of the representatives.” (Ceccano, 2015) 

2.7.  2000-2009 Increased Enrolment and Course Transition 

By the 2000’s the class size had grown to more than 80 students and a more structured learning 

environment in the design courses gradually replaced the small-class tight-knit informality of smaller 

classes. The co-op program was fully developed and international students were becoming a significant 

part of the fabric of the department. The lecture role of the Executive in Residence diminished and the 

role evolved to that of a project sponsor after 2000.  Industry ties became well established; open-ended 

projects with real world connections were the standard, teaching teams were established for Design I and 

II, and the transition from the pioneers to the next generation of instructors began.  
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Dr. Murray Gray returned to teaching Design I in 1999 and continued to 2010.  Dr. Mather continued 

to teach design until 2011. Dr. Suzanne Kresta began teaching CHE 464 in 2002 joining Dr. Gray and 

then continuing on her own.  In 2001, Dr. John M. Shaw joined the department.  Dr. Jim Ryan officially 

retired in 1995, but continued to teach the design course.  Drs. Ryan and Shaw co-taught CHE 465 during 

2002 and 2003 and Dr. Shaw has been responsible for the course since 2003. Shaw, Gray and Kresta 

began tying both courses more directly to industry.  Gray’s comments reveal the impact of teaching team 

collaboration and industry partners on student development and learning: 

“The course was always structured through consultation between the instructors because it is offered 

twice each year, and it leads into the senior design course.  For me the highlights were getting active 

student-industry interaction. When it worked, the students caught fire and did some amazing work. 

When it failed, my role was to support the students and ensure that they had a feasible assignment for 

the course.”(Gray, 2015) 

The students who struggled with completing their design projects appeared to be procrastinating and 

leaving it to the end of the term.  Kresta and Shaw both considered course structure changes to help 

students get a better start on their project and began adding milestone assignments.  Kresta comments: 

“In 2002 data based problem solving techniques were again being applied to Design I, but this time 

with a more formalized approach to help students to transition from weekly problem sets to larger 

more open ended projects.  The problem of some students putting off their project work until the end 

of the term was being actively addressed.  Team building and assessment were being actively 

addressed and integrated into Design I and the problem launch and development was broken down 

into a step by step process.” (Kresta, 2015) 

Similar changes were effected independently in Design II and project milestones were added to the 

course structure.  Processes were tested and improved based on student results and feedback. 

Dr. David Lynch continued as the Dean of Engineering and a member of the CEAB (1996-2007). He 

served as the chair of the CEAB from 2003-2005. The goals of the CEAB are described in the 

Accreditation Criteria and Procedures document (2004).  Ensuring engineering programs meet minimum 

standards for registration is the first goal and the second is to ensure that the quality and relevance of 

engineering education … continuously improve[s].  This continues to be true in the 2014 CEAB 

Accreditation and Procedures Document.  
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This formalization of the continuous improvement process as a goal of the CEAB has had impacts 

on engineering programs, students and instructors creating a need for ongoing course evaluation and 

redesign.  Continuous improvement coupled with additional expectations that engineering programs 

develop communication skills along with a deeper understanding of the environmental, cultural, economic 

and social impacts of engineering on society, and the concept of sustainable development have impacted 

curriculum development and delivery.  During this period design courses started to become a key measure 

for CEAB accreditation because of their summative academic, project and team components. Combined 

with the added pressures of student growth, the challenges and complexity of designing and instructing 

these courses began to increase. 

In CHE 435/465, the move to increase industry ties accelerated with the addition of Jim Hutton as an 

instructor in 2004. Hutton was among the founders of the Colt and CoSyn engineering firms and a 

wonderful mentor and colleague. The role of Industrial advisors, in particular, was formalized during this 

period. Shaw and Hutton met with industrial advisors regularly.  They helped frame projects, were 

consulted by student teams informally as projects progressed, and met with students three times during 

the term formally to assess progress. Weekly update meetings and interim written reports were instituted 

to even out student workloads and to more closely simulate real working environments. Shaw and Hutton 

also made the link between course performance and first professional placements clear.  The impact of 

this approach is highlighted in Shaw’s comments: 

“Students began to be hired to work post graduation on the projects they’d completed during the 

course. Students valued the career development and mentorship approach, and both Jim Hutton and 

I received student led awards for our efforts. Len Church, Frank Vagi, Bill Pick and Marnie 

Jamieson all became industrial advisors during this period.” (Shaw, 2015) 

Shaw and Hutton engaged in continuous improvement and development, an ongoing feature of the 

design course instructional team philosophy. Following each iteration of the course, elements were 

improved while keeping the focus on mentorship and career development. The Blackboard LMS 

introduced an online component to the course structure in 2004. It was used primarily to give students 

access to resources whenever or wherever they needed them for project development. By 2005 the co-op 

class was larger than the regular program class and a separate Engineering Employment Center was 

opened.  The co-op program was actively identifying placements.  According to Dr. Ken Porteous, quoted 

in a 2006 Alumni article celebrating the twenty fifth anniversary of the co-op program: 
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“We always figure that we need at least two vacancies per available student to guarantee everyone a 

job in any given recruitment period. This reflects things like availability in specific disciplines, 

student preferences, and positions being offered at more than one school.” (Strembiski, 2006) 

From the inception of the co-op program co-op work term placement success has been over 90% as 

shown in Figure 2.2.  Unfortunately data for regular program placements are not available for 

comparative analysis.  The regular program has been retained at the University of Alberta to provide 

students with a choice in the amount of time spent in their program prior to graduation. Students 

intending to take graduate studies might prefer the regular traditional program to the co-op program.  

Also, international students and students transferring into engineering at the second-year level are not 

normally eligible for the co-op program.  

 

This choice between co-op and regular programs became superficial once co-op program admission 

became competitive based on first year engineering course performance. Students realized that the 

likelihood of engineering employment before and after graduation was higher for co-op students.  Co-op 

students had advantages of more contacts and work experience in industry than regular program students.  

The capstone design instructors also began to notice a fluctuating grade performance gap between the 

regular and co-op program students during this period. This final grade gap, shown in Figure 2.3, had 

become large in 2008, when the class had grown again, to over 120 students.  At the time this was 

attributed to an additional year of maturity and additional experience possessed by the co-op cohort and 

Figure 2.2. Co-op Placement Rates (source: Alumni Magazine winter 2006) 
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the provision of additional supports and resources for regular students became a priority. In retrospect, 

this large gap also coincided with a peak in the student to instructor ratio, Figure 2.4, which offers an 

alternate explanation for the grade gap observed in 2008, and raises questions such as what is the 

maximum number of students/projects that can be mentored effectively by one instructor in design 

courses that make use of unique projects? This question is examined further in Chapter 9. Clearly, with 

enrolment pressure, student to instructor ratio, the number of projects managed per instructor, and the 

importance of supplemental learning materials particularly for regular students are readily identified as 

areas of interest and study.   
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2.8.  2010 - 2014 Team Teaching and Team Learning 

Jim Hutton retired following delivery of the 2009 course. A succession and teaching team expansion 

plan, and a mandate to provide additional supports for regular students were put into effect for 2010. At 

this point, the teaching teams for both CHE 464 and CHE 435/465 asked the question:  

“How can we better support students in the design course, enhance their learning, help them transition to 

engineers in training, and continue to demonstrate CEAB requirements?” (Jamieson, Shaw, Pick) 

For 2010, Len Church and I joined the teaching team led by John Shaw and the course instruction 

model shifted from a project based teaching environment with industry support to a working internship 

environment based on the work structure of a design office. John Shaw took a sabbatical (2012) and 

Frank Vagi (winter 2012) and then Bill Pick (winter 2013) also joined the teaching team. This helped 

control the student to instructor ratio, as the class size rose to 120-140 students. Each advisor typically 

worked with 5-8 teams and spent at least 30 minutes with each team per week reviewing progress and 

concerns. All of the instructors were accessible by email and in class to all students.  Some of the 

instructors kept additional “office hours” by sitting in the atrium at one of the tables before class on 

Tuesdays and Thursdays. Students dropped by to chat and ask questions. During this period, student 

teams choose a project that had been solicited from industry and developed the project with ongoing input 

from industrial advisors in addition to specific feedback from them at three scheduled meetings, as during 

the prior period. The teaching team implemented weekly project meetings with teams and began 

developing on line materials to help students develop their teams, integrate their technical skills, track 

their tasks and time spent, and manage their projects. These materials provided scaffolding to support 

team, technical and project management skill development.  

Kresta and Shaw previously noted teams needed milestone assignments to support progress. 

Jamieson and Church noted students needed engineering office tools and supports to improve the quality 

of their projects.  Typically designs are not developed from first principles.  More usually they are 

developed from an integration of research, specifications, standards, codes, client expectations and field 

experience.  Typically designs are not developed by individuals but rather by teams. Teams in industry 

are typically brought together with processes, individual development plans, team goals and key result 

evaluations within a management structure.  Students are often lacking in this background and may 

require support (Trivett, 2015), although co-op students have a distinct advantage in developing an 

awareness of the importance of this background prior to the capstone course. 
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Students are well adapted to the linear simplified scientific method of thinking but an ability to shift 

from divergent to convergent thinking in an iterative design and problem solving process is still 

developing. Design requires iterative, lateral and reflective thinking processes supported by a team 

structure.  Teaching materials and tutorials supporting students who: 

 are unsure how to go about getting started;  

 get stuck on a single idea or solution; 

 are unable to generate further solutions to explore; 

 are unsure of where to find helpful information; 

 have difficulty in generating criteria to evaluate a solution; 

 have difficulty in breaking down the task and distributing work; 

 are unsure of the design process; 

 think that the process is linear; 

 have difficulty managing conflict in their teams; 

 

were put in place to provide students with tools and structures to further their ability to move from a 

linear and individual to an iterative and collaborative process for problem solving. Figure 2.5 illustrates 

the process of a real designer toward a solution of a design task vs. the linear “waterfall” approach familiar 

to students (Conklin, 2007).  

 

Figure 2.5.  Design process of an actual designer vs. the linear waterfall process.   
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During this period, CH E 464 was still being team taught by Suzanne Kresta (2002-2013), Murray 

Gray (1999-2010) and Arno de Klerk (2009-2012). In June 2012, William Pick was appointed as the 

William Magee Chair in Process Design and joined the design teaching team.  Design I continued to offer 

lectures, problem sets, mid term and final exam assessments in addition to a short design project to 

provide students with a transition from weekly assignments, to open ended problems (PBL), then more 

complex open ended project based learning.  Dr. De Klerk observed the following student struggles:  

“Without multicomponent separation being a prerequisite, it was very difficult to explain distillation, 

distillation sizing and costing, reactor design is overwhelming and the open-endedness of the course 

was disconcerting for many. Advance preparation of students earlier in the program may be 

needed.”         (De Klerk, 2015) 

It was clear that additional support and improvements could still be made to enhance learning from 

an overall program perspective and a course design perspective.  The questions of “What do students need 

to succeed in design?” and “Do they have it?” were now being asked and actively investigated.  Solutions 

were proposed, implemented, and evaluated based on student performance and feedback from both 

students and instructors.  

Peer assessment was done using the teamwork rubric developed by the CATME group (Loughry, 

2007; Ohland, 2012) and a “Team Play” handout was developed by Dr. Kresta and included in Appendix 

C.  Team project launch was started with a scoping assignment to break down the steps for students.  

These tools reduced the number of students who delayed their project start until near the due date to zero.  

Ongoing formative deadlines for Design II had a similar impact after meetings with industrial advisors 

were implemented in 2004.  

Until 2013 course development in Design I and II was done somewhat independently.  However, 

instructors in both courses were working to improve their courses and develop team, project, research, 

and design skills in students using real world applications, problems and projects.  The scholarship of 

teaching and program design came into focus when Jamieson and Pick began teaching on both teams in 

2013. Dr. Arvind Rajendran joined the Design I teaching team in Fall 2013 and brought further support to 

application of active learning principles to problem solving and design: 

“It is my strong belief that each student has the potential to achieve great things, not necessarily in 

engineering. This makes me respect their intelligence and treat them as fine individuals. My role as 

a teacher is to emphasize the mastery of fundamentals; to impart a rigorous approach to problem 

solving; and to encourage them to ask the right questions at the right time. My courses are built on a 



Application of Blended and Active Learning to Chemical Engineering Design Instruction 
Marnie V. Jamieson 

 

 

27 

strong foundation in chemical engineering fundamentals and demonstrate a logical application of 

these principles to solve practical problems. I encourage active learning in my lectures and as a 

result they are filled with questions and discussions.” (Rajendran, 2015) 

As with prior periods, student teams that are the most successful in both courses are the ones that are 

able to develop their teamwork skills, incorporate their learning from previous courses and apply higher 

levels of learning to their project work. Team teaching and weekly student team contact with an instructor 

had become key features of Design II during this period.  The focus of improvement in this period was 

scaffolding improvements for: team selection and development, resource development to support projects, 

project and scope management, project evaluation techniques, and developing project execution 

strategies.  The instructors’ project management role allowed closer monitoring of work in progress, 

helped make scope adjustments in a timely manner, and helped to refocus the direction of design teams 

moving tangentially or stuck.  Pick and Rajendaran adopted weekly meetings with design teams and 

further refined and improved Design I.  Significant collaboration between the instructional teams became 

the norm as instructor experience with both courses increased.  In 2014, Doug Colborne, an industry 

advisor from Design II joined the Design I teaching team.  In addition Pick began the review of student 

preparation and where earlier design experiences might fit into the curriculum. 

2.9.  Historical Data Analysis 

Analysis of the historical data concentrates on the 2004-2014 period.  The instructors for the design 

courses during this time frame were available for interviews, student average GPA at program admission 

are available, and Design II is one of the few courses both co-op and regular program students take 

together making simultaneous observation of impacts on the two cohorts feasible. Changes in thinking 

about design team interactions, project management skills and their impacts on the final product were 

moving to center stage at the close of this period along with the integration of the engineering education 

experience.  Changing expectations for accreditation and the purpose of accreditation to “reflect the need 

for the engineer to be adaptive, creative, resourceful and responsive to changes in society, technology and 

career demands” (CEAB section 2.1.3, 2004) placed pressure on engineering programs to support the 

formation of well rounded graduates who meet and can demonstrate these expectations. Developing a 

response and a plan to meet these changes became a priority and new questions were being asked. By 

2008 the CEAB had developed a list of Graduate Attributes, as a measure to evaluate engineering 

programs.  Engineering programs were going to be measured by the quality of the graduates they 

produced.   A key question asked by Dr. Fraser Forbes, the department chair at the time, was: 
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“How can we teach to better support our students when they get to our design courses? And how can 

we demonstrate that we are meeting the new criteria?” (Forbes, 2011) 

 The importance of Engineering Education as a discipline began to be recognized, and 

measurement of graduate attributes was starting to capture the attention of many.  The education process 

and the quality of the products of the process were going to being studied and evaluated with key result 

areas in mind. 

As shown in Figure 2.3, the gap between regular and co-op program students closed in 2010. 

However with the same instructors and program the gap re-opened in 2011.  The main change was the 

student to instructor ratio (Figure 2.4).  It increased from 43 to 48.  The average for co-op program entry 

students tended to be slightly higher for the years the gap was the widest as shown in Figure 2.6. As 

competition for the student engineering summer and work term positions increased, regular program 

students were often seen as less desirable by employers and as a consequence the co-op experience with 

real world problem solving during work terms was giving them an advantage in the capstone design 

course.  Was a relatively consistent gap at the entry into the programs at second year being magnified by 

the differences in the quality of internship experiences available to students in both programs?  Lower 

student instructor ratios seemed to help close the gap, but is that the only solution? 

More effective teams, teams with better tools, developing clear project scopes, roles and timelines 

with formative milestones became the cornerstone of the chemical engineering design experience with 

significant effort being devoted by instructors to accomplish this during the first three weeks of term for 

Design II and early in the project for Design I.  The development and improvement of pedagogical tools, 

testing various methods of teaching and communicating this to students has been key to the design 

courses since inception.  Appropriate student to instructor ratios and continuous improvements are key 

features of the University of Alberta Chemical Engineering culture. Student instructor ratio between 25:1 

and 30:1 were shown to be effective in first year team work at the University of Waterloo, indicating team 

and instructor interaction have an optimal level (Trivett, 2015). Figure 2.6 reflects the grade gap reduction 

resulting from post 2010 continual improvement efforts and close control of the student instructor ratio 

supported by the then department chair Dr. Fraser Forbes. 
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An additional benefit of maintaining the student to instructor ratio between 30-40 is more consistent 

assessment of the student final reports.  Available marking time is consistently bounded by the final 

report due date (end of term) and the mark submission deadlines.  Higher student to instructor ratios 

reduces the ability of instructors to double mark and discuss final reports.  Since 2010 a grading system 
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had evolved in the design courses where the majority of final reports in the design courses are 

independently double marked and subsequently all instructors discuss grades. Figure 2.8 shows the grade 

distribution for the capstone design course for 2010 - 2014 course iterations.  The cumulative effect of 

course improvements from 2010 (ongoing teaching and learning improvements, increased instructor time 

per team) largely eliminated low grades, defined as C or lower, in Design II.  

 According to the 2014 CEAB Accreditation Criteria and Procedures:  

“The institution must demonstrate that the graduates of a program possess the attributes under the 

following headings. The attributes will be interpreted in the context of candidates at the time of 

graduation.” (CEAB, 2014) 

The evaluation of an engineering program based on the demonstration graduates possess specified 

attributes recognizes that engineering education is a process aimed at producing a graduate product 

expected by society.  It suggests that the process can be designed, modified, and adjusted to produce a 

certain graduate product and that product can be measured in a variety of ways.  Requiring the accredited 

institution to demonstrate a graduate possess the described attributes shifts the focus from program 

content to program efficacy.   Much in the way that evaluation of product quality shifts the focus from the 

type of process to the efficiency and efficacy of the process to produce what is desired.  The process can 

be controlled and by implication, expected to be controlled and redesigned in a manner of continuous 

improvement.  The measurement of the CEAB graduate attributes for accreditation visits and measuring 

the success of the engineering program in producing the type and quality of graduates that society expects 

has become a key element in program and course design and change.  In 2013 a report on Student 

Attributes by a committee co chaired by Dr. Steven Dew to the University of Alberta Committee on 

Learning Environment (CLE) defined general student attributes in the context of the University of Alberta 

learning environment: 

“Student attributes (used interchangeably with graduate attributes in this document) generally 

describe the qualities, values and dispositions that students have developed by the time they have 

completed their university degree program. While not dissociated from disciplinary knowledge, they 

are fostered in each student regardless of field of study. Student attributes are broader than (but 

include) skills or technical competencies and are integrated throughout a higher education 

experience.”  (Dew, 2013) 

According to Dew, the integration of student attributes throughout the higher education experience 

requires: 
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“Significant comprehension and proper development of attributes depend critically on the explicit 

integration of attributes into the university experience. Once chosen, student attributes require 

widespread communication – through instructors, student leaders and administrators – and support 

for curriculum updates and instructional incorporation in order to permeate the university 

experience. Leaving student attributes as an implicit directive has been found to be ineffective.”  

(Dew, 2013- emphasis mine) 

While Dew’s report focuses on developing University of Alberta Student Attributes it recognizes the 

necessity of engineering programs to deliver the graduates attributes specified by the CEAB.  Moving 

forward, consideration of how to measure the attributes and attribute and skill development in the 

chemical engineering capstone design course provides an additional incentive and adds an additional 

layer of complexity to this study. 

2.10. Summary and Moving Forward 

Chemical Engineering Design instructors at the University of Alberta have had a history of adopting 

best practices for instruction both reactively and proactively for more than 60 years.  
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Recent increases in enrolment and changes in the nature of the student cohorts demonstrated the need 

to limit student to instructor ratios and to provide supports to students for rapid start up teams, 

maximizing time spent on design and minimizing time “wasted” being stuck in team issues, design 

fixation, and poor planning decisions. With these changes, more homogenous student cohorts, measured 

by mean performance and a narrowing of the marks distribution were created during the 2010-2014 

period from what had become clearly separate co-op and regular student populations.  

During 2013, the teaching team learned that the class size would increase to 170 students for 2016 

and current projections indicate further growth to over 200 students for 2018. Figure 2.1 places this 

additional growth into a historical perspective.  Managing and maintaining the quality and intimacy of the 

design experience in light of significant enrolment growth presents a major challenge. Meeting the more 

stringent CEAB mandated criteria, implemented in 2014, for the measurement and demonstration of 

attainment of Graduate Attributes (listed in Appendix D) presents a second major challenge moving 

forward. 

The CH E 435/465 teaching team had already adopted a web-based strategy in light of the steadily 

increasing class size and saw the benefits of enhancing this strategy given the two principal challenges of 

managing enrollment and maintaining quality.  By the Fall of 2013 Shaw and Jamieson began detailed 

planning for a comprehensive redevelopment of the course, that would ensure the teaching team would 

continue to have adequate time and resources to meet with student teams weekly to focus on mentorship, 

project management and individualized teaching in light of the planned sharp increase in enrolment. The 

teaching team had been experimenting with on line learning elements students could access 

asynchronously and as-required for three years at that point with positive feedback.  Many of these 

learning elements were not covered during class. Further, students could access all the teaching and 

learning materials from the previous iteration of the course from the first day of class and could access 

them as and when needed.  As materials were updated they were made available to students on an 

ongoing basis. The teaching team applied for and obtained a University of Alberta blended learning award 

for course redevelopment during 2014. With the help of the Centre for Teaching and Learning, a research 

plan was developed and decisions were made on how to best apply on line education strategies to an 

engineering design course ahead of the 2015 iteration of CHE 435/465.   
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3. CHE 435/465 Blended Learning Pilot Project Framework  
 

3.1. Introduction 

A proposal for flipping the design course to include asynchronous online instruction and replacement 

of lecture time with in class active learning was selected for funding in May 2014. A précis of the 

proposal comprising salient excerpts along with updates is presented here.  

Adoption of blended learning approaches for courses offered in professional faculties presents 

numerous administrative challenges because assessment criteria imposed by professional accreditation 

bodies frequently dictate norms for teaching methods and content. This is particularly true in Engineering 

where the Canadian Engineering Accreditation Board does not currently recognize on-line learning in the 

standard calculation of accreditation units for minimum education requirements across all Engineering 

disciplines. Calculation of accreditation units is typically based on contact time of lectures and labs. “The 

Accreditation Board can give consideration to departures from this approach and these methodologies in 

any case in which it receives convincing documentation that well-considered innovation in engineering 

education is in progress.” (CEAB, 2014) Further, the Accreditation Board “expects programs to achieve 

the same educational outcomes regardless of the delivery method(s).” (CEAB, 2014)  Consequently, 

accreditation criteria must be considered carefully when developing and implementing innovative and 

effective approaches in engineering education.  With online learning in particular, care must be taken to 

identify an equivalent outcome to the standard delivery mode.  Design courses and design course 

performance are closely monitored during CEAB accreditation visits because aspects of the curriculum, 

minimum design accreditation units and required levels of performance are prescribed.  

CH E 435/465 teaching staff and students (based on an oral in-class survey) were strongly 

supportive of moving aspects of the course to an independent e-learning format. By moving 50 % of the 

lecture content to verified and graded self-directed online learning, a designation change from (4-0-4) to 

(2-0-6) is expected. The total course hours remain unchanged but become more flexible for individual and 

teams. The over all hours must be maintained in order to facilitate small group meetings among students, 

weekly meetings between students and members of the teaching staff (a hallmark of excellent design 

instruction), and meetings between students and industrial advisors, in light of otherwise congested 

schedules, and an anticipated sharp increase in class size for the 2016 and subsequent iterations of the 

course.   
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Approximately 24 (five or six member) teams of students concurrently perform different 

design/feasibility studies based on negotiated scopes, as described in Chapter 2.  One of the instructors 

meets weekly with each design team to monitor and discuss schedule progress, accomplishments, 

challenges, personnel issues and so forth. The industrial partners, acting as clients, meet with the students 

three times per term. At these meetings the students discuss their work, seek advice, and obtain tangential 

correction. Industrial partners value the results obtained by and interactions with the students.  CH E 

435/465 is the top ranked course in the Chemical Engineering undergraduate curriculum according to 

Engineering 400 surveys several years in a row. Student achievement is highly regarded by the CEAB 

(latest review, 2012).  

The next CEAB review is scheduled for 2018, based on student performance and curriculum details 

from the 2017 academic year. The foci of the review are: demonstration of graduate attributes; continual 

improvement; functional student policies for quality, admission, counseling, promotion and graduation; 

curriculum content and quality based on the “minimum path” - defined on the basis of minimum AU in 

engineering science, engineering design, math, natural science, complementary studies; and program 

environment.  Demonstration of graduate attributes is accomplished, in part, by minimum student 

achievement based on samples of students’ work. Chemical Engineering capstone design courses, as the 

mandated significant design experience, comprise a key element in the CEAB review process.  

In order to have a successful review in 2018, data on individual and aggregate student participation 

and assessment regarding online materials must be available. Time spent by individual students engaged 

in online learning and participation must be available to the review panel along with an assessment of 

student learning related to objects. Thus there is a need for automated monitoring and mostly automated 

marking. 

Inclusion of design instruction throughout the chemical engineering curriculum systematically from 

the second year onward is being evaluated and cross coordination of the design courses, with these 

developments is in progress. It is anticipated an optimized engineering design content and delivery across 

both courses and beyond in the undergraduate curriculum will result. The department has a strong record 

for collective course development in this subject area.  

The timing of the pilot is critical. With a first iteration in the Winter 2015 year, there is time for two 

revisions of the redeveloped course (content and delivery methods) and data tracking and analysis tools, 

prior to the scheduled CEAB measurements based on the 2017 academic year. 
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3.2. Course Redevelopment Objectives 

The redevelopment of this course includes desires to: 

 Demonstrate blended learning leads to as good or better learning outcomes than lecture-based 

learning in an engineering design context. 

 Demonstrate CEAB GAA requirements ahead of the next CEAB review and develop data 

gathering methods regarding level of student effort and the quality of learning as both are 

measured in the review process. 

 Meet the needs of students related to their learning in the course. Students were surveyed in class 

during week 5 of the 13-week Winter 2014 term. More than 100 students were present at the time 

of the oral survey. Fewer than 10 students were opposed to replacing any in-class lectures with 

self-directed e-learning. More than three quarters were in favour of some e-learning in the course 

(flexibility, improved learning). Fewer than 10 were neutral. Students had experienced three 

optional online learning objects and one online learning exercise with an assignment prior to the 

survey.  

 Increase the frequency, quality and duration of face-to-face individual and small group 

interactions.  

3.3. CH E 435/465 Course Redevelopment Plan 

CH E 435/465 is currently web enabled within the MOODLE platform (LMS) and materials are 

continually updated. All course teaching/learning materials are available to students from the first class 

and are organized by sessions labeled “tutorial” (#1-26), or are in a resource library on the course web site. 

In 2014, 18 of the 26 “tutorials” included lectures and an additional three included whole class discussion 

of specific topics. The lecture focus is weighted toward the beginning of the course.  For example, during 

the first five weeks of winter 2014 term,  ~ 21 hours of lectures and whole group discussion were 

completed during 9 “tutorials” with one tutorial devoted to student/industry advisor meetings. By the end 

of the course there were more than 45 hours of lectures and whole class discussion.   

The online portion of the course was layered on top of the in class and project components of the 

course. The blended structure of the pilot course was determined after significant research and reflection 

on how best to achieve the thoughtful fusion of online and in class experiences described by Garrison and 

Vaughn, including reflection on student intellectual development, scaffolding needs and the cognitive task 

requirements of the course and professional development performance objectives. Key components of 

blended learning course design are: Thoughtful integration of online and face to face, optimization of 
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student engagement, and restructuring of class hours to replace in class time with on line.  (Garrison and 

Vaughn, 2008) 

For the blended course, the plan was to reduce the in class lecture component and increase the whole 

group discussion component to arrive at ~ 26 hours. To achieve this, materials must be moved on-line and 

coordinated with additional curriculum development. Nominal weekly schedules, for 2014 and planned 

for 2015, are set out in the Table 3.1. 

Table 3.1. Current and Planned Flipped Lecture Schedule for CH E 435/465 

 Current schedule  Planned schedule 

 TU TH TU TH 

14:00-14:50 Lecture Lecture & whole class discussion 

15:00-15:50 *Lecture  

*Some whole class discussion 

*Free form, self-organized, unsupervised, 

individual and team project work.  

*Free form access to all members of the 

instructional team. 

*Free form access to a TA regarding 

process simulation.  

16:00-18:00 *Free form, self-organized, unsupervised, 

individual and team project work.  

*A scheduled, once a week group meeting 

with a designated member of the 

instructional team (40 minutes).  

*Free form access to a TA regarding 

process simulation. 

*Free form, self-organized, unsupervised, 

individual and team project work.  

*A scheduled, once a week group meeting 

with a designated member of the 

instructional team (40 minutes).  

*Free form access to a TA regarding 

process simulation. 

 

The 2014 course web site included an extensive collection of materials from background documents 

(optional reading), sample interim assignment responses and final design project reports from prior years, 

recommended reading, power point slide packs related to lecture materials, guides for performing specific 

types of calculations, marking templates, and self-assessment forms. None of the materials were 

interactive; just still images and text intended to support live in-class teaching. The teaching team’s 
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current use of marking, and tracking features in the LMS is developing. Clearly, the teaching and learning 

objects on the site require one or more of the following: revamping with respect to the media used, their 

duration, assessment, incorporation of monitoring, and automated marking.  If a blended learning format 

is to be adopted, new learning objects are needed. Quizzes or self-check items must follow self-directed, 

online learning and teaching objects.  

Some topics or activities are better accompanied with live in the classroom teaching (process design 

drawings – P&IDs, PFDs; introduction to process simulation). These topics are “new” for the students and 

are already interactive. There are lots of questions and there is good discussion. Approximately one third 

of the lecture material falls into this category. There is another third of the material that should be on-line. 

Examples include aspects of: team building; team management; team self-assessment; process safety 

(PSV design, Fire and Explosion Index usage in design); unit operation design (not all students use the 

same unit operations in their designs). As to the remaining third of the course materials, reflection and 

perhaps exchange of materials with CHE 464 is needed to determine their disposition.  

3.4. Integrated Educational Research Plan 

The Blended Teaching Award pilot project included a collaborative educational research component 

coordinated with CTL. Dr. John Nychka, the past CME department undergraduate chair, and Tracy 

Onuczko, an Education Developer in CTL, provided the research data table presented as Table 3.2. These 

research questions are designed to capture instructor and student experiences arising from the change in 

instruction format. The thesis research questions posed include: 

 Does flipped learning lead to equivalent or better outcomes for Design II students?  

 Is CEAB Graduate Attribute development demonstrated from data collected? 

 Is student effort and quality of the final report equivalent or better for flipped learning students? 

 Does a flipped learning structure produce equivalent or better academic performance? 

 Is the co-op program a predictor or factor in student outcomes in design? 

 Is the co-op program a predictor or factor for student results in a flipped structure? 

 

While this thesis does capture instructor experiences, the focus of the data analysis is on student 

measures, specifically performance related to final grades in the capstone course and student perceptions 

of their skills. Comparisons with the historical data are made where possible. The highlighted items in 

Table 3.2 indicate the sources of data that are analyzed. The first four questions are considered to varying 

degrees and the final question is answered based on the completed student performance analyses, 

observations made and feedback from students and instructors.  These questions are investigated and 

answered in the broader context of the ongoing work at the University of Alberta Department of Chemical 
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Engineering to provide meaningful transformational learning experiences for their students and the 

requirement to demonstrate CEAB graduate attributes. 

With the flipped and blended learning structure and the research questions in place, an understanding 

of the learner group (Chapter 2), a context for the course teaching and learning objectives (CEAB 

graduate attributes) connections among learners and desired learning outcomes, on-line learning objects 

and assignments crystalize.  This understanding provides a basis for the development of a comprehensive 

and integrated course plan detailed in the next chapter. 
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4. Flipped Capstone Design Course Teaching Plan 
 

The Flipped capstone design course teaching plan development was launched by systematically 

mapping CEAB Graduate Attributes (GA) to course objectives.  This process led to iterative revision of 

the existing course teaching plan, and refinement of the learning objectives for students and the 

scaffolding needed for them to meet these learning objectives. The iterations were layered. The ability of 

students to demonstrate the GA (an outcome) in a course is related to the focus of the learning materials, 

activities and assessment requirements.  The integration of these elements into the course required a rapid 

iterative design approach with overall department and faculty support for continuous and ongoing 

improvement of the course. It is the instructor’s responsibility to design a course to allow for student 

demonstration of CEAB GA requirements.  It is the students’ responsibility to engage with instructors, 

materials and assignments to provide evidence of development. The faculty and the department are 

responsible for providing a collaborative environment where instructors are encouraged to and rewarded 

for designing courses focused on progressive and comprehensive student development of program 

objectives.  Successful implementation necessitates contributions and collaboration from all stakeholders. 

The pedagogy underlying the development of the course plan and the final course plan are presented and 

discussed in this chapter. 

4.1. Student Development - Perry’s Schema 

William G. Perry Jr., as project director of a contract study for the US Department of Education led a 

team with the purpose of classifying thought patterns and development of liberal arts students at Harvard 

University as they progressed through the four year program.  The team studied specific classes in 1958, 

1962 and 1963. The methodology was to have graduate student judges evaluate student thought patterns 

based on the criteria of the schema that was developed previously.  The schema itself was developed circa 

1954 and had nine classifications as published in the final report on “Patterns of Development of Thought 

and Values of Students in a Liberal Arts College” (Perry, 1968).  The first three are related to a dualist 

perspective where the student’s worldview is thought and actions are perceived and classified as right or 

wrong.  The three stages describe the development from an absolute dualist perspective to the recognition 

of the existence of multiplicity.  The middle three describe a student worldview in transition from dualism 

through multiplicity towards relativism. According to Perry’s schema, in these six stages a student may 

retreat or escape as a reaction to the new worldview where authority does not have all the answers. The 
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last three stages describe the transition from the initial commitment stage to developing commitments and 

essentially embodies the transition from a student subject to a teaching authority to becoming a junior 

peer and part of the “authority”.  This stage describes the transition to contextual knowledge and the 

ability to create and contribute to knowledge.  More recently, it was observed that the more years of 

university study a student experienced the more likely the student was to use internalizing, open 

strategies, and deep level learning approaches to study (Watkins & Hattie, 1981).  

University of Alberta design instructors have observed that the median student entering Design I is 

often at the multiplicity stage and some are dualists. Dualist students tend to believe that there is a right 

answer and the instructor knows it at the beginning of the course and multiplicity stage students believe 

that there is a right way to get the answer and the instructor knows it. In either case, the instructor can be 

perceived as withholding known information. In addition, there are students who are at the relativist or 

commitment stages. They tend to be more mature and/or have industry experience. For a complex design 

problem, an instructor may have several ideas or preconceptions of the solution, but none of these may 

turn out to be the best solution.  Solutions tend to evolve, as a design problem becomes better known over 

time through an iterative, integrated and evaluative process.  There are, of course, better answers than 

others as solutions are contextual.  Students looking for a “yes” or “no” answer struggle with “it depends”. 

By the end of the first design course, most but not all students have shifted from a dualist stage to one of 

the other stages along the intellectual development continuum.  A version of Perry’s Schema outlines 

these developmental stages and is summarized in Table 4.1.  Students completing the first design course 

tend to be at the multiplicity or relativism stage.  According to Robert Irish of the University of Toronto, 

instructors can provide a learning environment that precludes retreat to the comfortable lower levels of 

development and encourages student exploration of knowledge, analysis and higher level cognitive tasks.  

In the higher levels of development authority (or instructors) take on a different role and lose the power to 

judge right and wrong.  (Irish, 2015)  This shift requires a change in evaluation from the right answer to a 

justified answer, a key development in the student ability to solve open-ended problems in design.  

 Acknowledgement that all students entering a course, even if they have equivalent academic 

credentials, may not be at the same cognitive development level according to Perry’s schema informs 

course design. Students working in teams with an instructor as a guide is a strategy to meet students’ 

needs at all levels.  Asking students, "What do you think?" is often an appropriate response as is the 

answer, "it depends." Both lead to the contextual discussion and student development.  Already having 

experience in Design I and being in the senior undergraduate year, many students entering CH E 435/465 
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are at the multiplicity stage and some are at the relativism stage highlighted in Table 4.1.  Most have not 

yet come to the conclusion that knowledge is contextual, and reflection on experience is limited. One 

senior student commented, “I’ve never had to discuss why I would choose a solution directly with a 

professor before.”   

 

Table 4.1.  Perry’s Schema: Stages of Student Intellectual Development.  Adapted from: 

http://www.cse.buffalo.edu/~rapaport/perry.positions.html by G. Maheux-Pelletier and N. Saranchuk University of 

Alberta Center for Teaching and Learning.  (Shading depicts the perceived majority of students entering Design II) 

 Most entering 

students/ 

Dualism 

Most 

undergraduates / 

Multiplicity 

Some Seniors / 

Relativism 

Some graduates / 

Committed 

Relativism 

Knowledge All knowledge is 

known; there are 

clear right and 

wrong answers 

Most knowledge is 

known; there are 

right and wrong 

ways to find 

answers 

Most knowledge is 

not known; 

everyone is entitled 

to their opinion 

All knowledge is 

contextual; within a 

context, there are 

right and wrong 

answers 

Instructor A source of 

knowledge 

A source for the 

right way to get 

knowledge 

Instructors provide 

either (1) a resource 

for the thinking 

process or (2) is 

irrelevant 

Sources of expertise 

Student  Receiver and 

demonstrator of 

knowledge 

Must learn how to 

learn and to work 

hard 

Must learn to think 

for oneself, to 

support opinions 

Study different 

contexts and 

perspectives 

Peers Peers are not 

considered to be a 

source of 

knowledge 

Beginning to be 

viewed as a possible 

legitimate source of 

knowledge 

Can be considered 

legitimate sources 

when following 

reason and provide 

support 

Knowledge is 

learned from others, 

along with 

experience and 

reflection 

 

The CEAB graduate attribute for students regarding investigation suggests student cognitive 

development should reach a commitment level where knowledge is understood to be contextual. There is 

a right or wrong answer within a context:  

Investigation: An ability to conduct investigations of complex problems by methods that include 

appropriate experiments, analysis and interpretation of data, and synthesis of information in order 

to reach valid conclusions. (CEAB, 2014 -emphasis mine)  

This investigation attribute is illustrative but a number of other attributes seem to reflect this 

developmental milestone. The ability to reach valid conclusions, to design to meet specified needs, to 

understand limitations, understanding interactions and uncertainties predicting interactions between 

engineering solutions, economic, social, health, safety, legal, and cultural aspects of society all seem to 
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require abilities outlined in the commitment stage.  As a Bachelor of Science in Chemical Engineering is 

the practicing degree and allows students to register as an EIT with the professional association, the 

accreditation expectation that graduating students attain development described at Perry’s commitment 

level is reasonable.  Moving from the dualist perspective to the commitment level for students within two 

semesters in the context of the regular program progression from Design I to Design II is a challenging 

goal.  Co-op program students have an eight-month work term between Design I and Design II, and their 

stage of cognitive development may change significantly between the two courses. By contrast, regular 

program students commence Design II less than one month after completing Design I. Students entering 

Design II possess a broad range of intellectual development. Their engineering skill levels are equally 

diverse but by the time students have completed Design I most have some experience with synthesis and 

evaluation level engineering skills (Pick & Jamieson, 2014). 

Diversity of intellectual development and engineering skills are two key challenges faced in Design II 

course design, in general, and in the preparation of materials to support student learning, in particular. 

Frequent meetings between instructors and individual teams are central to student intellectual 

development. The role of the instructor as a guide is critical to the intellectual development. Feedback 

from multiple instructors and industry contacts increases the number of different perspectives and 

contexts students are presented with for consideration. Additional opportunities for student intellectual 

development, both in class and online, are incorporated into the flipped course teaching plan.  

4.2. Flipped Lectures and Student Development 

Changing the lecture structure from a traditional one to online video instruction with connected 

active learning in class components is intended to enhance the intellectual development of graduating 

students in their final term.  In Engineering, students in traditional lecture courses work on higher level 

learning skills, such as applying or analyzing, when completing assignments either on their own or in ad 

hoc groups. (Cussler, 2015) The intent of the flipped classroom is for students to work asynchronously to 

comprehend content. Students apply, analyze, synthesize, and evaluate materials together as part of in-

class activities that culminate in a completed assignment. Opportunities for team discussion and 

integration of individual perspectives arise naturally, as do design project specific applications and 

knowledge extensions beyond the scope of the assignments.   

The lecture structure of Design II (pre-flipping) followed a traditional pattern. Although topics and 

content were adapted starting in 2010 to an internship model, the structure of the course remained the 

same from 2004-2014. Implicit or explicit assignments were given after each lecture to be asynchronously 
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completed and included in the final report. Each lecture was intended to address a particular component 

or requirement of the final report.  For example, the lecture on heat integration was intended to introduce 

the students to the topic.  From this base students were expected to determine the heating and cooling 

requirements of their design, and the potential benefits of heat integration using previous course 

knowledge, lecture material and additional research as required.  For this particular assignment the topic 

appears “easy” following the lecture. However, as only the concepts of the method are discussed and not 

the mechanics of the analysis related to individual projects, not all students understood the mechanics or 

were able to determine what was required for the analysis and what to include in their final report. 

In the flipped course, this lecture material was converted to short online videos and the methods 

described were practiced during class time.  The pattern was similar for other topics. Students are 

introduced to topics/calculation methods prior to class and have an opportunity to try them out in class 

when instructors are available to assist when problems arise.  After this initial application, students then 

continue with an assignment that is related to their project.  The final report assignments pre and post 

flipping remain the same.  In the flipped course, students have an opportunity to try an application soon 

after the concept is introduced and then submit their in-class work.  The application of the higher-level 

skill is synchronous with peer and instructor assistance available.  This active learning further develops 

students’ cognitive framework and develops application and analytical skill development concurrently.  

The instructor is no longer seen as the source of knowledge, but rather a source of experience and 

expertise – a coach.  

It is important to note the large number of pre class learners, who view online material 

independently are team taught during class time in larger groups of ~5 to 30 students.  This is a critical 

aspect as the active learning component is the most effective in small groups (Cussler, 2015).  Instructors 

are able to spend time with each group and discuss questions students may have from pre-class and in-

class work. Cussler suggests a maximum of 25 students per small group. It is the active learning that 

builds on the pre class material that makes a flipped classroom successful (Lape, 2014).  

Successful active learning requires groups of less than 25 students with an available instructor. 

Students in larger groups can elect not to participate (Cussler, 2015).  Participation in the discussion is 

what makes many of the learning activities effective.  Students who are passive participants or non-

participants are not taking the risk of sharing their thoughts and experiencing either validation or 

dissention. These students are free to continue with their cognitive structure and conceptual beliefs in tact 

and maintain their current level of intellectual development.  Students in a smaller group are less likely to 
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have the opportunity to be passive or non-participants, as peer pressure and assignment focus appear to 

increase in smaller groups and inculcate a sense of responsibility for activity completion. The size of the 

group can have an impact on the learning environment quality.   In a study on the effect of different active 

leaning environments and student outcomes the role of the student and the role of the instructor are 

examined (Lord, 2012). The instructor acting as a guide in a student-centered pedagogy that allows 

student choice is associated with lifelong learning.  Lifelong learning and the final stage of Perry’s 

schema share some common characteristics: responsibility and commitment to one’s own learning and 

contribution.  Problem based learning and student led activities tend to increase metacognitive self-

regulation and critical thinking while lectures even with active learning components tend to increase 

effective use of time (Lord, 2012). Table 4.2 summarizes structural choices made in the context of 

cognitive objectives and developmental goals for the flipped design classroom and Table 4.3 expands on 

group size and timing choices. These choices were based on an attempt to balance diverse course 

objectives while maintaining a learning environment that allowed for student choice guided by 

instructors.  Principles of good practice including: student faculty contact, cooperation among students, 

active learning, prompt feedback, time on task, high expectations and a respect for diverse talents and 

ways of learning as elucidated by Chickering and Gamson (1987) were considered. 
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Table 4.2 Cognitive and Intellectual Goals of the Flipped Course Structure in Design II 

Flipped Structure Cognitive Objective Goal Intellectual Development 

Goal 

Pre Class Learning Elements 

Background information for in-

class and post class activities 

Individual preparation for 

group activities 

Knowledge and Comprehension  

Application by individual 

Classification of knowledge 

Knowledge comes from many 

sources, different contexts and 

perspectives; the right answer 

depends on the context. 

In Class Active Learning 

Integration of individual inputs 

Discussion of opinion and facts 

Evaluation of same and 

comparison with personal view 

Presentation of facts and 

opinion in light of new 

information 

Analysis and Synthesis 

Evaluation of own and other’s 

ideas and contributions 

Application of new knowledge 

Comprehension of how new 

knowledge fits with old 

knowledge 

Peers are legitimate sources of 

input 

Knowledge comes from many 

sources and is contextual 

Evaluation of source, 

knowledge, and reflection of the 

value of the current thinking  

Post Class Project 

Application 

Reflection on how new 

learning applies to the current 

project situation  

Evaluation of relevance and 

integration with previous 

understanding 

Analysis to determine fit 

Knowledge is contextual there 

are right and wrong answers 

based on the context of the 

project – student determines the 

direction and justifies it 
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Table 4.3. Overview of Flipped Design Classroom Structure 

 Working Group Size Schedule & Timing Purpose 

Pre Class 

Location independent 

Large cohort works as 

individuals with online 

material. 

Asynchronous timing 

within the course 

timetable 

Introduces and 

develops concepts and 

material to support in 

class component 

In Class  

Large classroom cohort 

together, groups break 

off. 

Small groups 12-18 for 

active learning such as 

exploration, discussion, 

using materials, 

working examples, 

integration of 

individual work 

Synchronous timing of 

group work topics 

according to course 

progression 

Uses pre class work as 

an input for activities, 

goals are cognitive and 

intellectual 

development.  Bloom’s 

higher order skills, and 

Perry’s commitment 

are targeted. 

Short Assignment -

provides incentive to 

focus on in class 

activities  

Start in large classroom 

Teams of 5 or 6 

summarize learning 

(oral or written 

presentation) or 

complete an assignment 

template provided 

Synchronous timing 

within class time.  

Uploaded to LMS prior 

to the end of tutorial 

Formative – meant to 

have students 

summarize learning 

quickly, obtain 

feedback prior to 

project work. 

 

 The structure and design of individual learning elements, in class activities, and assignments play 

key roles in the effectiveness and pace of intellectual development and cognitive objective achievement.  

“Students who make the shift to relativistic thinking are moving toward expertise; they are beginning to 

think like experts aiming to create knowledge, rather than novices trying to display what the Authority 

wants” (Irish, 1999). Careful and thoughtful planning of assignments to motivate in class participation, 

reflection and use of writing as a method to deepen thinking (Stout, 1997) coupled with the objective of 

integrating individual experience and contribution into a team contribution may contribute to enhanced 

cognitive and intellectual development. “The striking similarity of Bloom’s thinking and Rosenthal’s 

writing skills further suggests the intimate relationship between writing and thinking.”(Stout, 1997) 

  Although not every student is at the same level according to Perry’s Schema or has the same 

cognitive objective development “when faculty understand the cognitive objectives, attitudes toward 

knowledge, and the process of mentoring involved in moving students along the path of intellectual 

development, the results can be significant” (Irish, 1999).  Within the CH E 435/465 flipped classroom 
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structure, the design of the activities impacts the achievement of course objectives and the ability of 

students to demonstrate the CEAB graduate attributes.  The design of the activities to balance skill 

development and to provide challenge for a range of student abilities is likely to improve overall student 

satisfaction with a course.   Csikszentmihalyi’s flow zone, Vygotsky’s zone of proximal development and 

Perry’s pleasure zone are all linked to the identification of a learning path between activities deemed too 

challenging or too boring for a particular individual. These theories all suggest that a balance between the 

student’s intellectual development (ability) and the cognitive objective (task) are required for learning to 

be engaging and satisfying, as shown in Figure 4.1.  Learning activities must have the ability to develop 

students both cognitively and intellectually.  Vygotsky terms this “scaffolding” to enable learners to reach 

the zone of proximal development. Csikszentmihalyi describes this zone as the flow zone, where one 

loses track of time and experiences pleasure as a result of skill matching challenge.  Research, writing and 

project-based assignments must have some flexibility in addressing this balance as students approach 

activities from a unique perspective on the spectrum of intellectual development.  Assignment 

requirements and scaffolding provide the impetus and support for meeting both skill and objective 

requirements demanded of performance-based assessments such as the CEAB Graduate Attributes. 
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4.3. Student Development Toward Committed Relativism  

Design, in any discipline, is a process of alternating creative and critical thinking in an iterative 

pattern regardless of what is being designed (Dorst, 2011).  It is an iterative process moving between the 

problem space and the solution space to create a product or a system to make a product for a user group.  

In course design, space is required for the creative part and for the critical part. This creative and critical 

space is crucial for intellectual development and it is crucial for students to progress along Perry’s 

continuum to be successful in design.  Students struggle with the design process partially because of their 

development along Perry's continuum and partially due to the lack of creative experience within the 

fundamental traditional based curriculum. (Cussler, 2015) From a cognitive task perspective this process 

can be described using the synthesis and evaluation terms of Bloom’s Taxonomy.  Development of these 

levels of learning depends on the previous levels of learning in the taxonomy. (Bloom, 1956) Synthesis is 

the classification for verbs such as: designing, composing, creating, integrating, predicting, combining 

and imagining. Evaluation is the classification for verbs such as: rating, judging, comparison and 

assessing theories.  The combination of these actions from the learning taxonomy into an iterative process 

is in effect the design process.  Understanding the design thinking process early is likely more important 

to student success than the specific project application.  Many instructors believe students benefit from 

exposure to the design process and thinking early in the program of study. Design has been included as a 

cornerstone design course in several programs including the University of Toronto.  A benefit of early 

program design exposure is the potential for more rapid student intellectual development and progression 

towards relativistic commitment (Irish, 2015).  As this is currently not the case in the University of 

Alberta Chemical Engineering undergraduate course progression, recognition of the variability of student 

development and experience suggests inclusion of teaching the design thinking process as an objective 

and including it in the instructional material.   

Early in Design I the focus is on design thinking and evaluation with laboratories that have a right 

answer and connect with the students at the dualist phase.  As the semester progresses more ambiguity is 

introduced in the design laboratory periods leading up to their first design project. Complexity and 

ambiguity increase as students move from the Design I to Design II.   The course plan for Design II is 

divided into three phases. Table 4.4 describes the introduction and the team and project development 

phase of the course, Table 4.5 describes the core design phase, and Table 4.6 describes the evaluation 

phase. Milestones, online pre-class materials and in class assignments guide student learning and facilitate 

their progress toward successful completion of their design reports.  Initial team, project and schedule 

development are strongly encouraged in the first week.  The main objectives of the development stage are 
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to develop design thinking, multiple possible solutions, team processes, a project schedule for managing 

design work during the term and complete a situation report.  Iteration on these tasks is expected. The 

approved situation report, updated with the feedback from the industrial advisor at the end of the first 

phase of the course, becomes the backbone of the final report for many teams. Core design begins after 

major feedback from industry advisors and instructors.  The key objectives of the core design phase are 

the design deliverables and preliminary evaluations. The evaluation phase begins after the system design 

is nearing completion and specific economic and risk analysis are completed.  Regulatory, safety and 

economic evaluations continue to inform design iteration in both the core design and evaluation phases. 

 Marks are assigned for the Situation Report, the three meetings with the industrial advisor 

(milestone work and team evaluations) and the final report.  In the flipped version of the course active 

learning is a critical component and a mark is given to the collection of online and in-class assignments 

(portfolio) to encourage participation in the in-class activities.  An example of an early in class activity is 

peer editing of a draft situation report introduced into the course workflow.  The student teams apply the 

grading rubric to another team’s draft.  Students make adjustments, using peer feedback prior to 

submitting their draft to an academic advisor for preliminary evaluation and informal feedback. The 

addition of peer feedback to the workflow exposes students to peer viewpoints on their work and provides 

an opportunity for students to provide peer review in a supportive environment.  Student teams are then 

given an opportunity to revise their work prior to grading and prior to forwarding their situation report to 

their industrial advisor ahead of their first meeting. Students are more confident as a consequence 

knowing they are putting their best foot forward. 

Assignments are designed to meet students at their unique level and support rapid development by 

forcing consideration of multiple perspectives early in the course.  Often assignments have a writing 

component.  Planning, monitoring and reflecting are built into the assignment structure and assignments 

are aligned with the course objectives.  Teaching. Learning and Assessment Activities are aligned with 

the course intended learning objectives to maximize learning potential and opportunities for all levels of 

students. (Biggs, 1999) 
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Table 4.4.  CH E 435/465 Design II Course Plan (Section 1: Development) 

Online Introduction Project, Schedule and Team Development - January 

Orientatio

n 

 to the Course Project 

Development 

Team Development Schedule 

Development 
Pre course Purpose Of Course Learner Objectives in project context; Learning Activities are Situation Report 

related 

Orientation to 

the course, 

structure, 
objectives, 

roles, plan 

 
Orientation to 

Team 

members 

selection 

 

Pre course 
section 

completed 
prior to first 

class 

This course will 

include:  

(See Course 

Objectives) 

 Team, Project 
Management 

 Complex Sustainable 
Design 

 Design Evaluation  

 

Learning Activities 

Learners will: 

 Create (prior) and 

develop a team 

 Develop Team 
Charter 

 Develop design 
thinking 

Learners will: 
1. Manage the project 
2. Elicit and articulate 

project requirements 
from client 

3. Define the problem 
4. Research potential 

plausible solutions 
5. Determines appropriate 

regulatory, legal, 
environmental, social, 
ethical constrains and 
sensitivities. 

6. Define evaluation 
criteria for solutions 

7. Evaluate solutions 
8. Determine the best 

option and propose it. 

Learners will: 
1. Manage the team 
2. Define team norms 

and standards 
3. Set performance 

criteria & objectives 
4. Apply performance 

and deviation 
management 
techniques  

5. Determine team 
leadership roles for 
all team members 

6. Evaluate individual, 
team performance, 
give feedback, reflect 
and plan future action 

Learners will: 
1. Assess the tasks 

required to complete 
the project 

2. Determine a time frame 
for task completion 

3. Develop a task list to 
support the project 

4. Resource load the tasks 
with appropriately 
skilled team members  

5. Manage the project 
from the using the 
schedule and task 
assignments 

Duration and Weighting of Assignments 

Duration Duration: Prior to Meeting 1 ~1month     Weight:  Portfolio (Complete/Not Complete) 5% all term; SR 5%, Mtg1, 5% 

Info out in 

December 
Skill Assess 

& Team 

Selection 
-prior ~1 

month 

Team Selection Form 

Team Charter  
One Page initial scope 

Coalescer Credibility 

-first week 

Assignment – team, project, and schedule development, assessing information, research and 

decision analysis, Situation Report and revisions, Meeting 1 preparation, evaluation, 

individual contribution evaluation and team assessment. 

Assignment – weekly hour and task reporting to be updated and handed in weekly. 

Learning Resources 

 On –Line 

orientation 

 On-line 

resources 

 On line team 
selection 

 Team development 
learning elements 

 Design learning 
elements 

 Online learning elements 

 Problem statement 

 Initial scope template 

 Example reports 

 Templates for charter 
weekly task / hour 
reporting 

 Online evaluation and 
team assessment 

 Online learning elements 

 MS project 

 Template for weekly tasks 
and hours 
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Duration and Weighting of Assignments 
Duration: Between Meeting 2 and 3 Weight:  Portfolio (Complete/Not Complete) 5% all term; Mtg3, 5% Duration: All term 75% 

Assignment - Final power point presentation capturing project development, design, evaluation and 

recommendations. Meeting 3 preparation, evaluation, individual contribution evaluation and team assessment.  

Portfolio Assignments – weekly hour and task reporting to be updated and handed in weekly, HAZOP, 

interactions, economic costing and analysis. 

Final report 

Learning Resources 

 Economic costing template 

 Codes and Standards 

 Analysis template 

 HAZOP template 

 Online learning elements 

 MS project 

Final report library from 
past years 

Table 4.5.  CH E 435/465 Design II Course Plan (Section 2: Core Design) 

Technical Project Work Focus:  Process Design Considerations - February 
Process Simulation 

Development 

PFD  

Process Integration 

 Equip Sizing & Design Safety & Regulatory 

Analysis 

Learning Activities:  Simulation and modeling, mass and energy balance, basic & detail process design and sizing  

Learners will: 
1. Create a process simulation 

that reflects their proposed 
design 

2. Validate the simulation and 
check energy and mat’l 
balances 

3. Assess the viability of their 
design 

4. Rework their design to ensure 
a valid and robust design 

5. Produce a sustainable design 

Learners will: 
1. Develop the PFD based 

on simulation and 
validation results 

2. Analyze the design 
performance; integrate 
and redesign based on 
observed performance  

3. Specifically analyze the 
heating and cooling 
loads 

4. Propose and develop 
heat integration 
strategies 

Learners will: 
1. Size equipment based 

on design principles 
2. Validate equipment size 

and functionality 
3. Consider process 

control options for PFD 
4. Consider process and 

equipment interactions 
5. Consider scale up from 

design data 
6. Detailed Hx design 

Learners will: 
1. Research regulatory 

requirements applicable. 
2. Assess impact of solution 

against social, safety, risk  
and environmental factors 
as appropriate for their 
project 

3. Evaluate the design 
4. Rework solution as 

required 

Duration and Weighting of Assignments 
Duration: Between Meeting 1 and 2   Weight:  Portfolio (Complete/Not Complete) 5% all term; Mtg2, 5% 

Assignments –Mass and Energy Balances, PFD, Preliminary Equipment Sizing, Meeting 2 preparation, evaluation, individual contribution 

evaluation and team assessment, weekly hour and task reporting to be updated and handed in weekly, portfolio assignments for drawings, heat 

integration and heat exch. 

Learning Resources 

 Online learning elements 

 VMG Sim 

 Online learning elements 

 Example drawings 

 Online learning elements 

 Library, databases, etc. 

 Online learning elements 

 Library, databases, etc. 

Table 4.6.  CH E 435/465 Design II Course Plan (Section 3: Evaluation) 
Logistical, Technical, Safety, Environmental and Economic Feasibility Study  - March Conclusion 

Equipment Costing & 

Design recycle 

Economic, Safety & 

Environmental Analyses 

Technical Feasibility and 

Project Execution 

Final Report 

Final Portfolio 

Learning Activities: Design evaluation, revision, and presentation, execution strategy development  Learning Activities 

Learners will: 
1. Consider and apply 

feedback from industry 
advisor 

2. Refine solution to better 
meet requirements 

3. Finalize Equipment list / 
sizing 

4. Cost equipment and 
installation based on a 
factored method considering 
location, timing, inflation, 
etc. 

5. Consider project execution 
strategies, labor market 
factors, and cost indexing in 
economics 

6. Update economics with new 
information as it is 
discovered 

Learners will: 
1. Assess the impact of the 

solution against social and 
environmental factors as 
appropriate. 

2. Assess the impact of the 
solution against risk criteria 
using appropriate methods. 

3. Assess the economic viability 
or the cost of service of the 
project to achieve the 
objective. 

4. Assess the labor requirements 
for the project. 

5. Revise design or recommend 
revisions based on changing 
understanding of the project 

Learners will: 
1. Assess the effectiveness of 

the solution against the 
customer’s requirements as 
well as impact on social 
and environmental factors 

2. Develop a project 
execution strategy with 
consideration to further 
work required, location 
and market factors  

3. Develop a project 
management schedule. 

4. Revise design or 
recommend revisions 
based on changing 
understanding of the 
project 

Learners will: 

 Complete report their 
team has been writing 
and developing during 
the term with final 
updates and 
recommendations 

  Complete a final 
evaluation of 
individual 
contributions, 
teamwork and 
individual skill 
development as part of 
the reflection on their 
learning in the course. 
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4.4. Linking Course Objectives With CEAB GAA Performance Criteria 

The CEAB Graduate Attribute for design is:  

An ability to design solutions for complex, open-ended engineering problems and to design systems, 

components or processes that meet specified needs with appropriate attention to health and safety risks, 

applicable standards, and economic, environmental, cultural and societal considerations. (CEAB, 2014) 

 Integrating course objectives and assessments with the CEAB graduate attributes and their evaluation is a 

key objective. While there is a strong correlation between the course objectives and the CEAB GAA, the 

CEAB graduate attributes are a performance-based measurement of skill and experience (ability) attained 

and the course objectives are guidelines (a plan) for how success is to be achieved.  Course objectives 

outline cognitive and intellectual development goals and are specifications for the design of the learning 

process required to produce the expected outcomes.  Specifications for a process and performance 

measures of the product of the process should be correlated, as it is our plan to produce the expected 

product, but they are not the same. The CEAB GAA performance measures provide targets.  However 

they do not define the paths to the targets.  The aligned assessment criteria can support many paths to 

guide, support and test student learning. 

4.5. Course Objective Development in the Context of an Undergraduate Program 

In a fully consistent and coordinated program of study all learning would support and demonstrate 

development toward CEAB GAA performance measurements. Course designers could use student 

performance input in a continual improvement feedback process.  Performance measurement as a method 

of continual instructional improvement in an institutional context is supported by research outcomes.  

Content and process are inextricably linked (Resnick and Klopfer, 1989). How student learning is 

assessed impacts learning.  This has led to changes in instructional/evaluation best practices over time that 

now include: cooperative work, writing focus, problem solving, real-world activities and de-emphasis of 

rote learning and teaching. (Koretz et al., 1996) (Fennimore and Tinzmann, 1990) (Resnick and Klopfer, 

1989).  Linking assessment and instruction are a key principle for informing student progress and 

development.  (Herman, 1992)  In A Practical Guide to Alternative Assessment Joan Herman summarizes 

the active nature of learning in the context of research: 

Mere acquisition of knowledge and skills does not make people into competent thinkers or problem 

solvers. To know something is not just to passively receive information, but to interpret it and 

incorporate it; meaningful learning is reflective, constructive and self-regulated (Wittrock, 1991, 

Bransford and Vye, 1989, Marzano et al., 1988, Davis et al., 1990). (Herman, 1992, p. 15) 
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Herman makes it clear that learning is not a linear process, but rather a multifaceted contextual process 

that benefits from integrated assessment and real world context.  A UofA Chemical Engineering graduate 

demonstrates this while recollecting a design course experience from the ‘90’s approximately 20 years 

later:  

“The third year course started with a lecture series. Dr. Mather was the professor. There was some 

technical learning. I can hardly remember the content. It seemed more practical than many of our 

other courses, which were very theory-based. Dr. Mather also provided some general knowledge 

about large capital design project workflow and where the chemical/process engineer fit - front-end 

feasibility and technology selection, followed by equipment selection and sizing. Then we "leave the 

project" for detailed engineering and return for commissioning and startup… There was also some 

economics/financial content (cash flow, NPV, ROI, etc.)”  (Hawkins, 2015  - emphasis mine) 

Recollection of design course subject matter in the project context is excellent and accurate.   

The CEAB GAA is the performance measure that informs the contextual cognitive and intellectual 

development of engineering students throughout their undergraduate program. The opportunity for 

students to regularly assess their progress towards these performance criteria is an integral part of the 

learning process (Herman, 1992 p.20-21).  Additionally, the process that we use to produce our final 

student product may benefit from the use of the CEAB GAA skill assessment as a tool before and after 

courses to demonstrate developing attributes. Just as student learning and development is inextricably 

linked to the method of assessment chosen, so are instructor, course and program performance. The 

chosen performance measure informs teaching practice. 

Course and undergraduate engineering program design should allow opportunities for students to 

first learn and then demonstrate development of performance attributes. With the possible exception of 

demonstrating a basic knowledge of engineering, ethics and problem solving, demonstrating performance 

of CEAB graduate attributes on multiple choice or standardized tests is difficult and alternative 

assessments are required. It is also challenging for students to acquire and practice skills required to 

demonstrate performance for the majority of the attributes from a traditional lecture. (Cussler, 2015)   The 

“ability to work as an effective team member or leader” does not develop as a result of listening to a 

lecture on either topic.  It does not follow that knowledge of the principles of effective leadership makes 

someone an effective leader.  In addition, changing only the method of assessment to one that allows for 

performance demonstration without providing the opportunity to develop the skill with feedback is 
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equally ineffective. Performance-based assessment must inform course objectives and the design of 

teaching and learning objects that comprise a course.  

4.6. Linking Assessment to Content, Objectives and Performance Criteria 

Anecdotally it is observed for both students and instructors that there is an optimal level of task loading 

where performance is excellent and beyond which individuals become overloaded and tired. As examined 

in Figure 4.1 that optimal loading varies between individuals. It was determined a complete examination 

of student and instructor loading and the impact on overall performance is beyond the scope of the current 

study, but recognized as a factor. From observation over the study period, items that tend to be negatively 

affected when instructor loading is high are: 

 Quantity of direct feedback to students on formative assignments 

 Quality of direct feedback to students on formative assignments 

 Type and quantity of formative assignments given 

 Summative grading procedures  

 Time for professional development 

 Time for course development (clarity, formative evaluation, constructive alignment.) 

In a recent assessment meta study (Hattie 2009), the highest ranked factors for teaching or teacher related 

effects are:  formative feedback to teachers (.90), teacher clarity (.75), reciprocal teaching (.74), 

feedback (.73), spaced vs. mass practice (.71), metacognitive strategies (.69), self-verbalization/self-

questioning (.64), professional development (.62). All of which require instructor time and attention 

making them part of the loading equation.  By comparison the highest ranked factors for students are: 

self-report grades (1.44) and concentration persistence and engagement (.48) and gender (.12). (Hattie, 

2009)  Self-reporting of grades is a student prediction of how well they think they can do in the course 

prior to summative assessment. It would appear a student’s only real recourse is institution and program 

choice to gain access to effective learning as most of the high impact items fall directly in teacher and 

teaching realms.  An instructor’s only recourse is real implementation support from the institution for 

implementing time-consuming practices to design effective learning experiences for students, as methods 

with the highest impact also require a larger time commitment.  Recognizing that the University of 

Alberta is a research and teaching university, the time required to be effective at new course design and 

instructional techniques must be taken into account as instructors investigate and implement the 

techniques with the highest impact for the benefit of the overall program and for meeting the CEAB GAA 
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criteria. The number of hours available per week is fixed and the division of tasks is dictated by measured 

performance. 

The role of formative assessment and developmental feedback in fostering professional skill 

performance are seen as critical aspects of course design.  Constructive Alignment (Biggs 1999, 2003, 

2011) requires designing assessments and activities specifically on learning objectives to actively address 

what students do to learn and guide their approach to learn higher-level cognitive task skills.  Course 

sections with high enrolment are in direct opposition to the provision of quality feedback from instructors 

on multiple formative assignments.  However, eliminating assessment linked to student development due 

to student numbers is to miss learning opportunities related to key objectives of the engineering program, 

especially the abilities to analyze, synthesize and evaluate contextual information.  The development of 

meaningful learning opportunities to support skill development and demonstration of performance would 

seem to be linked.  (Resnick and Klopfer, 1989; Biggs, 1999) In addition one of the features of the flipped 

pilot was to increase formative student assignments to support in class participation, learning, and 

development.  Currently formative assignments are marked as complete or not complete and feedback is 

given as instructor time permits or as peer feedback.   

The integration of the CEAB performance objectives into the design of the course and allowing for 

students to use automated processes and tools to assess their own performance and that of their peers are 

valuable feedback mechanisms for student development. Students may use formative feedback during the 

course to improve both their processes and their performance; however they are unable to use the final 

report summative feedback to improve their performance during the course. An opportunity to improve 

formative assessment within the design course as an ongoing method to improve student performance and 

potentially course design was identified prior to the flipped version and several methods were included in 

the pilot version.  Automation of formative assessment grading was actively being investigated.   

In the flipped version of the design course, on line learning elements expose students to team 

thinking processes and development.  Students consider individual skills and the skills of their self-

selected team members to determine where development is critical to project success.  This information is 

available for students to resource their design project schedule, an experiential learning activity designed 

to enhance cognitive development and student development as lifelong learners.  The link between course 

objectives and learning activities is clear.  The link between assessment and course objectives for major 

objectives is also clear.  Specifications for the final report relate directly to the course objectives, as do 

those for the situation report.  For summative assessment the links are well established. 
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Figure 4.2.  Continual improvement process algorithm for the University of Alberta Engineering 

Program Curriculum and Course Design Using CEAB GAA performance criteria based on a 

curriculum design process concept map  (Hattie, 2009) illustrating constructive alignment (Biggs, 

1996) as a core element and the feedback process of graduate performance measurement to inform 

program and course design (Jamieson 2015)  -Adapted by MV Jamieson, 2015  
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4.7. Summary 

A framework for course design, illustrated in Figure 4.2, developed in the context of the overall 

undergraduate program is presented in this chapter.  It is based on constructive alignment (Biggs, 1996) 

and curriculum design processes (Hattie, 2009). The framework is intended to place course design in the 

broader context of overall undergraduate program curriculum design, CEAB performance based 

assessment of graduates and an integrated continual improvement process.  High stakes performance 

based assessment provides a means to assess higher-order thinking skills and helps support students in 

developing a deeper understanding of content by causing a shift in choice of instructional methods from 

teacher centered methods (lecture) to student centered methods including open response, problem solving, 

creative/critical thinking and inquiry based methods.  (Vogler, 2002) 

With this overall framework in mind and in the context of continual improvement, implementation 

planning for enhancement of aligned learning materials, the stage is set for the preparation of activities 

and assessments to support student intellectual development balanced with depth of cognitive task 

challenge coupled with measurement to inform the feedback process.  Methods to measure learning and 

performance are considered along with what to measure.  The easiest items to measure are not always the 

most indicative of success or change. Consideration is given to the meaningfulness of possible 

measurements and how to collect meaningful data demonstrating performance and development of the 

CEAB GAA performance criteria recognizing that learning and performance are not the same. 
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5. Data Capture for Evaluation and Continual Improvement 
 

Several tools are available to capture data on student development, performance, and interaction with 

course materials.  The Moodle Learning Management System (LMS) activity completion option allows 

for resource access and course progression to be tracked.  Student access is automatically recorded and 

stored in legacy logs. Individual student access and use data for all on-line learning objects and resources 

from the 2014 and the 2015 versions of the course are available. These data are a rich source for 

evaluating and comparing student use of online materials. In addition, team self-selection and team 

performance self-assessment during the term were targeted as a process for automation and data capture. 

Student grading and the automation of grading of some aspects of assignments is also investigated as part 

of this work.  The goal is to use instructor time to provide improved formative feedback and reduce 

administrative time spent on grading completion-based assignments or on feedback that could be 

comparatively obtained by an automated method.  Summative final report grading, performed manually, 

is expected to remain unchanged. 

5.1. Resource Access Monitoring Tools  

Heat maps and frequency access diagrams are used to track student access to materials on a team and 

time basis.  Custom templates must be coded for each tutorial/class. For the pilot, heat map analysis was 

completed for team-based usage of materials in tutorials 1,2,3 and 10 (Indiogine, 2015). Results of this 

analysis are reported in Chapter 8. The access logs provide the type of resource accessed, time of access 

and by whom.  Students are grouped as teams for assignment submission and tracking purposes on the 

LMS and this was a useful grouping method for analyzing access patterns.  Results based on team usage 

are analyzed and compared to the overall team grade and the final report grade.  Access patterns are 

sorted into types:  total access, URL access, file, folder, page, forum, and assignment access. Overall 

frequency of access to the LMS indicates overall student usage of the LMS for cohort comparison. URL 

access is similar, but not identical to learning element access. It provides a rapid analysis of whether 

students have accessed a specific video based learning elements during the course. File and folder access 

typically indicate access to posted course resources and for analysis these are combined. Page access is 

indicative of course information resource access.  Assignment access indicates frequency of access related 

to course assignments on eClass.  As portfolio assignments comprise a new element in the course, there 

are more assignments in the flipped version of the course than in the 2014 version.  The forums 

incorporate peer based feedback and assessment into the course and are also a new element.  Forums 

provide spaces for online class or paired team interactions.  Detailed analysis of when student teams 

access specific materials in relation to the in class component is provided by frequency access.  The LMS 
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is an important source of information to characterize student access to the course.  The access data 

analysis results are presented in Chapter 8. 

5.2. Team Development, Student Skill Levels and Automated Data Collection 

As course objectives were reviewed, consideration was given to how the redeveloped course could 

demonstrate achievement of CEAB GA criteria.  A pedagogical tool was previously developed to assist 

students in self-selecting their teams with the objective of having skills required to be successful in the 

course represented on the team. A plan to address gaps was required prior to team selection being 

approved by the instructors. The student skill assessment form and the CEAB GAA are well aligned. For 

a team to be successful in the design course the skills identified by instructors were typically found on the 

team.  Each individual did not have to be strong in every skill but the team needed to be strong in every 

skill area.  This tool was redeveloped as an online individual skill assessment process that automatically 

compiled results into a proposed team composite skill profile.  Students used this composite to assist in 

self-selection of team members, to create a development plan addressing skill gaps, to construct a team 

charter, and to assist in resourcing the design project schedule.  Individual skills were classified according 

to the CEAB graduate attributes and the course objectives were linked to the attributes. The data was 

captured electronically to facilitate pre and post course result comparison.   

A Moodle plug in was designed and developed for the purpose of supporting team self selection and 

to assess student skill levels classified as CEAB attributes before and after the course.  The customizable 

plug in is available for any course to use for team selection and/or skill self-evaluations. Specifications for 

the online team selection tool can be found in Appendix E.  CEAB GAA student assessed performance 

data collected due to team selection process automation is analyzed in Chapter 8 and used to evaluate the 

performance of the design course in further developing graduate attributes prior to graduation. 

5.3. Team and Individual Contribution and Evaluation Tools 

Improved team learning and development processes for students were targeted for automation.  

Since 2010, team evaluation, reflection and development processes have been evolving.  Student 

evaluation of their own performance, their teammates’ performance and the functionality of the team in 

order to improve performance are not covered elsewhere in the undergraduate curriculum.  At times, 

students found it challenging to differentiate between tasks, terminology and process.  At times, it was 

perceived as a policing check to determine adequate student participation rather than as a development 

opportunity making completion a process of ticking the boxes rather than input to inform improvement. 

As teamwork is inextricably linked to engineering work in design, operation, production and research in 

many modern contexts, the clarification of team learning objectives and simplification of activity 
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execution was identified as an opportunity.  An advantage of automating this process is to collect 

developmental data previously collected manually - that was difficult to analyze or use for course 

improvement.  Automation of this particular process provides an opportunity to collect data to 

demonstrate student lifelong learning skills.  Students are given a real world opportunity to self-evaluate, 

evaluate others, assess group functionality and reflect on how they might change their individual actions 

to affect the overall performance outcome.  Specifications for the automation of data preparation, capture, 

and analysis on this topic can also be found in Appendix E. 

5.4. Performance Criteria and Tracking: Student Grades 

An objective of the blended learning pilot project is to improve demonstration of the CEAB graduate 

attributes for accreditation purposes.  To this end the CEAB graduate attributes were reviewed and linked 

to several aspects of the capstone design course: 

 Pre and post course student skill self assessments  

 Design course objectives 

 The team assessment rubric (Appendix E) 

 Learner objectives for specific learning elements and topic areas. 

 

The goal is for students to understand that their performance and progress are being measured. Every 

effort is made to ensure that, how they are being measured and how topics and activities in the course are 

intended to improve their ability to achieve the performance measures, is transparent. This is consistent 

with the theory that people perform better when they know the goal, see models, and know how their 

performance compares to a standard (Herman, 1992). Linking performance assessment to learning content 

and instructional goals visibly and consistently is intended to enhance student performance.   

The automation of student skill assessment, progressive individual and team evaluation and 

reflection processes creates automated and mineable data to demonstrate CEAB GAA from a student 

perspective and perhaps more objectively for the peer based individual and team work GAA: “An ability 

to work effectively as a member and leader in teams, preferably in a multi-disciplinary setting”. The next 

question raised in course development was overcoming the challenge of effectively grading formative 

feedback during the course to enhance student learning and improve performance.   

5.5. Principles of Formative Assessment and Automated Grading  

 Student grades in the capstone design course are largely determined by two factors: evidence of 

project progression though milestone stages (20%) and final report quality (75%).  The term work (5%) is 

not evaluated from a quality perspective, but rather a completion perspective.  Regular formative 

feedback to student teams is ongoing from several sources including the team itself. The major 
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differentiating factor for student performance is the final report.  Automation to reduce instructor 

administrative time on grading completion increases the time available for content formative feedback 

and benefits students. 

A result of assignment and grading automation, the ability to track student development 

electronically during the course may be a useful formative feedback mechanism enhancing student 

learning, performance, and demonstration of CEAB graduate attribute progress. Immediate automated 

feedback for written work from a style, clarity, grammar, and genre perspective could be of value to 

students revising written work prior to submission.  Students develop deeper learning and higher level 

thinking skills while writing (Stout, 1997). However, written work is the most time consuming for 

instructors to grade.  This is especially true when instructors are grading for clarity and content.  Prior 

automated feedback on clarity and ensuing revisions would inform student learning and improve content 

feedback from instructors. 

Current investigation has produced several options.  One option, evaluation of assignment text 

extracts for grade level analysis utilizing script files and automatically scoring completion based on 

specified criteria solves the problem of administrative time but does not enhance the level of formative 

feedback. Another option, Automatic Essay Scoring (AES) has reached a level of maturity that it is being 

used for constructed response testing in medicine for both formative and summative grading.  Research at 

the University of Alberta Center for Research in Applied Measurement and Evaluation in the area of AES 

has been ongoing for more than 5 years and work has been completed with testing agencies to implement 

AES.  Conclusions from a 2014 paper published in Medical Education strongly support the application of 

AES to formative assignment feedback:  

“Automated essay scoring…offers educators many benefits for scoring constructed-response tasks, 

such as improving the consistency of scoring, reducing time required for scoring and reporting, 

minimizing [associated] costs…and providing students with immediate feedback on constructed 

response tasks.”  (Gierl, 2014) 

It would appear the application of writing assignments to develop higher level thinking skills in large 

classes is nearing the reach of instructors.  The social acceptance of automated essay scoring may be a 

barrier to implementation and should be considered carefully when determining the use of AES (Gierl, 

2015). With appropriate tools instructors can develop grading criteria and provide students with formative 

feedback and completion grading.  The entire purpose of formative assessment is learning and the 

application of AES to enhance the learning process may be more likely to gain acceptance.  The 
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percentage of the final mark allocated for portfolio and term project work is similar to that of problem sets 

- just enough to ensure students complete the work.   

An AES system builds a scoring model by extracting linguistic features from a specific written-

response pre-scored by instructors and maps the linguistic features to the human scores. Written work 

submitted by a new group of students is classified according to the linguistic features mapped in the 

algorithm (Gierl, 2014).  Since the design course requires assignments to be submitted in electronic form, 

the ability to apply this technology to current assignments with minimal pre-processing is high.  Natural 

Language Processing (NLP) is a method to analyze text using linguistics and machine learning 

algorithms. After considerable testing in 2012, AES is considered reliable in low stakes testing such as 

formative assessment and potentially even summative evaluations (Shermis and Hamner 2012). 

 Previously, instructor graded material and criteria for grading the summative final report could 

potentially be used to develop a formative computer assisted model to pre-grade various report sections as 

students write their final report during the term. As the main purpose of formative feedback is learning, 

this particular AES application need not have any grading associated with it at all.  Table 5.1 shows a 

reflective rating of the proposed student use of AES to inform situation and final report section revision 

prior to summative instructor grading.  (Biggs and Tang 2011) In addition, AES could be used to give 

feedback on aspects of portfolio and term project work that are currently completion graded with minimal 

instructor feedback.  Again, learning would be enhanced. In the event that AES grading is not a viable 

option given the current state of the art, feedback to improve student writing clarity and grammar would 

be of value and can be accomplished with freely available on line programs such as Grammerly. Content 

and clarity feedback to students would be superior to clarity and style alone.   

 

Table 5.1. Reflective Assessment Scale: Student used AES applied to Final Report Sections 

Formative F<-------|------------------->S Summative 

Involving Students F<-----|--------------------->S All teacher Controlled 

Using Open Ended Assessment 

Tasks 

F<-----|--------------------->S Using Closed Ended Assessments 

Authentic Tasks F<--|------------------------>S Decontextualized Tasks 

Criterion Referenced F<------|-------------------->S Norm Referenced 

Using Grading Criteria F<----|---------------------->S Using Model Answers 

Awarding Grades for Quality F<|-------------------------->S Awarding marks for quantity 

Assessing the task as a whole F<--------------|------------>S Assessing Individual components of 

the task 

5.6. Data Gathering and Management for Constructive Alignment 

 Assignment and assessment design based on learning objectives and using features of the LMS, 

customized automations, and automatic essay scoring allows for multiple pathways to meet students at 
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their current level of development and to provide necessary feedback to support individual student 

development, continual course improvement, and program performance criteria. These are scalable. 

LMS, AES, process and grading automations can be used to manage large classes while maintaining 

the quality and alignment of course objectives, learning activities and performance assessment 

demonstration to an accreditation body.  Performance results can be analyzed to provide quality input to 

ongoing course improvement in addition to student opinion and satisfaction with their learning.  The 

ability of instructors to make use of these tools is essential in large classes. They support the intellectual 

development of students, and enable higher-level cognitive task development while maintaining a 

reasonable amount of teaching and contact time.  Initial development of automated assessment processes 

is time consuming, particularly for AES, and normally requires significant support for instructors. 

The course structure determined, objectives and assessment constructively aligned, assessment 

methods and data gathering considered along with the student intellectual ability range determined the 

next step in the process was content development. The intersection of these requirements coupled with the 

desire for increased student engagement online and in the classroom guided the development of the 

learning elements from previous course materials.  
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6. Creating Learning Objects for the Design Course 
 

Learning elements typically comprising videos + supporting materials were created in two phases: 

the first ahead of the 2015 pilot of the course, and the second subsequent to the first delivery of the 

flipped course. The second phase is ongoing and includes revision to the first generation learning objects, 

based on feedback from students and teaching team members or reflection, and the creation of new ones 

ahead of the 2016 iteration of the course. Learning element creation was informed by experiences from 

other blended learning courses, CTL seminars, and instructor evaluation. The preparation process rapidly 

became a collaborative and iterative design and learning experience.  Prototype learning elements were 

prepared and revised following feedback prior to their use by students. This was useful for determining 

the format that was to be used and the best tools to develop the online learning objects and is known as 

the Successive Approximation Method (SAM) (Allen, 2012).  SAM is similar to the ADDIE method 

except teaching materials are evaluated and revised before being tested in the classroom.  The ambition to 

flip all the lectures led to several time crunches in developing and producing online materials for the 2015 

pilot.  This has left room for further improvement of materials for use in the 2016 course iteration. 

Preparation of high-quality learning objects, essential for learning, is time consuming and Non-technical 

content issues such as audio quality, text animation, and animation in synch with script highlighting and 

audio links with visual cues all take time to master.  This chapter focuses on an exposition of the methods 

used to create learning elements. 

6.1. Structure of Video Based Learning Elements 

Observing YouTube videos and watching recorded lectures helped the design team form opinions on 

effective methods.  Use of recorded lectures as a content delivery method was ruled out. However, a full 

transcript of the 2014 lectures including question and answer periods was available. The transcript, 

prepared live by Louella Webber to assist a hearing impaired student, was used as a starting point for 

script preparation along with the existing power point slide decks. During the review of transcripts, some 

repetition of material was identified.  This repetition was not evident during live delivery. As rapid 

prototypes of the videos on specific topics were developed it became clear that: 

 Transcript documentation editing was necessary to produce focused scripts. 

 Time compression for a 50-60 minute lecture was substantial.  Equivalent online learning elements 

totaled 15-20 minutes even if they were based on two lecture sessions. 

 PowerPoint was a useful tool for story boarding and animation development. 

 Animation action on screen was needed to maintain focus on learning elements.  Some animation 

was completed in PowerPoint and some post production using Camtasia. 

 Shorter learning elements were found to be better than longer ones. About 5 minutes is optimal.  
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 Teaching team members are good critics. They inform revisions much like team writing and editing 

is more effective for producing a quality product. Editing and feedback from teaching team 

members allowed for rapid iterative development without student testing.   

 The preparation time is high. 20 + hours for each learning object initially. 

 The selection of audio/video tools impacted quality and the time required to edit/modify learning 

elements. 

 

 Audio quality proved particularly challenging. Learning elements were recorded using various 

methods, computers and microphones.  It is difficult to watch to a video with bad audio. Background 

noise, such as computer fans, is difficult to remove and reduces overall quality.  Having a proper 

recording area with dedicated equipment and the correct software is essential for producing high quality 

videos for student use. Quality counts. Attempts at using various tools for recording audio met with 

various degrees of success.  Poor audio quality makes learning elements less effective and attractive to 

students.  Recording issues are frustrating for instructors. Significant effort is expended in developing an 

engaging recording.  Approximately two to three times the actual recording length can be spent recording 

to obtain usable tracks.  Repeating the process for sound quality issues and technical difficulties wastes 

instructor and production time.  A high quality microphone connected to the final production software is 

essential.  File conversion of sound files between programs can cause quality deficiencies.  This is not a 

place to “save” money in developing course materials. More time and money is required to do rework 

otherwise.  Recording in Camtasia directly with a Yeti or gaming microphone in a very quiet location 

produces good results.  Other options evaluated (computers with cooling fans, garage band converted to 

iTunes, SOM audio conversion, etc.) produced sub standard audio. Rerecording and significant additional 

editing were required to produce a passable audio.   

Learning object videos were created for most of the tutorials. The title, length, overall time 

compression from the lecture delivery method and the expected student timing for use (pre or post class) 

with respect to the in class activity are provided in Table 6.1. Conversion of lecture materials to learning 

elements typically resulted in less total time to deliver the same material content, even with the inclusion 

of the associated in-class activity is included. Compression varied depending on the objectives for the 

learning element, animation and script development. 
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Table 6.1. Online Video Learning Elements Created for the Design II 

Tutorial 

Number 

Learning Element Title Length 

(min) 

Pre/Post 

Class 

Highlight 

1 Self Managing Teams 4:19 Pre Team use, charter development 

1 Organizing your Team 6:07 Pre Time commitment & structure 

1 Team Problems & Resistance 3:51 Pre Conflict and resolution 

1 Getting Started 4:48 Post Project process intro, initial scope  

1 Total for tutorial 19:05 1:3 Compression 

2 Surviving and Thriving 7:44 Pre Overall project schedule 

2 Managing & Developing the 

Project 

5:05 Pre Project cycle & task development  

2 Critical Path Analysis 7:03 Post Critical Path & Gantt Charts 

2 Total for tutorial  19:52 1:6 Compression 

3 Introduction to Sustainable 

Process Design 

8:19 Pre Sustainability concepts: technical, 

environmental, safety, economic 

3 Conceptual Process Analysis 2:24 Post Process on a page 

3 Hydrocarbon Characterization 8:14 Post Uncertainty in simulation due to 

feedstock characterization 

3 Shale Oil Characterization 11:45 Post Characterization of a feedstock for a 

process model (New) 

3 Total for tutorial (excl. Shale) 18:57 1:4 Compression 

3 Total for Tutorial (incl. Shale) 30:42 N/A New material 

4 Intro to Process Simulation 13:04 Pre Case study: Methane Liquefaction  

4 How a Fridge Works 4:12 Pre You tube Video (remedial) 

4 Data and Model Cross 

Validation 

19:02 Post Validation of simulation 

4 Total for tutorial  32:06 1:2 Compression (New material incl.) 

5 Chemical Reactor Simulation & 

Design part I 

5:57 Post Introduction 

5 Chemical Reactor Sim… part II 4:11 Post Simulation modeling: Reformer 

5 Chemical Reactor Sim… part III 3:11 Post Simulation: Methanol Synthesis  

5 Total for tutorial 13:19 1:4 Compression 

8 What is a PFD? 6:24 Pre PFD description 

8 What is a P&ID 3:14 Pre P&ID description 

8 Acid Gas KO PFD 3:07 Pre AGKO as PFD 

8 Acid Gas KO P&ID 6:45 Pre Conversion to P&ID 

8 Total for tutorial 19:30 1:5 Compression 

9 What is a Plot Plan? 7:21 Pre  Plot plan description 

9 Preliminary Plot Plan Study 4:38 Pre Isomerization example 

9 Plot Plans in Use 2:45 Post  

9 Total for tutorial 14:44 1:4 Compression 

10 Energy Intensity Min. 2:51 Pre Introduction (added) 

10 HX Network Design I  9:28 Pre Heating and cooling loads 

10 HX Network Design II 5:29 Pre Pinch analysis 

10 HX Network Design III 4:07 Post Simulator application (added) 

10 Total for tutorial 21:55 1:4 Compression 

11 Heat Exchanger Fouling & 

Corrosion 

4:21 Pre Fouling and corrosion  
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11 Heat Exchanger Design 7:59 Pre Preliminary design 

11 Heat Exchanger Types 9:16 Post Exchanger types 

11 Total for tutorial 21:36 1:6 Compression 

17 Capital Cost Estimating BM 4:31 Pre Factored cost estimates 

17 Project Cost Estimating 9:11 Pre Overall costs 

17 Adjusting FBM 8:28 Pre Location impacts 

17 Project Contingency 9:29 Post Contingency development 

17 Total for tutorial 31:39 1:4 Compression 

19 Economic Evaluation of Capital 

Projects 

5:08 Pre Economic measures and comparison 

19 Case Study Descriptions 6:13 Pre  

19 Total for tutorial 11:21 1:5 Compression 

20 Project Execution Strategies 5:11 Pre Strategy development 

20 Project Execution Strategies 

EPC 

7:11 Pre  

20 Project Labor Estim. & Planning 6:33 Pre  

20 Total for tutorial 18:55 1:5 Compression 

22 Mixing in Design 5:12 Pre  

22 Mixing II – Scale up 5:17 Pre  

22 Total for tutorial 10:29 New Compression not available 

 

6.2. Structure of Text Based Learning Elements 

Some learning objects were text based and written as a stand-alone narrative. Others were developed 

as companion resources for video based learning objects.  The design intent was for students to watch 

video based material once and then access a companion reference if required while applying the materials. 

Companion materials typically used graphics from the video material, the script text and at times a more 

detailed explanation was provided.  Assignments and in class activity templates were typically text based 

objects.  Activity templates were done in MS Word so students could edit them and hand them in.  

Materials meant for reference were typically PDF files. Development of good supporting text resources 

was time consuming. Teaching material in written format was organized in a lesson format and was based 

on learner objectives.   

6.3. Structure of Flipped Delivery Lecture 

 Relating Learning elements to the CEAB GAA criteria early and developing linked concepts was 

found to be a useful structure for some learning elements.  For technical content learning elements, the 

ideal structure was to start with examples most students would find easy and develop more complex ideas 

and concepts from there.  Links to more complex ideas were developed by using examples and 

animations in a progressive manner similar manner to that of a mentor explaining the idea. The first video 

was often basic, the second developed the intended application and the third might stretch some students, 
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but had an application in their project work.  In some cases a fourth video was developed for enrichment.  

Table 6.2 shows the heat integration lecture conversion.  As a traditional lecture, students were provided 

the materials ahead of time, but frequently did not look at them and required significant guidance in class 

to comprehend “above the pinch” heat exchanger network calculations. No evidence of performance was 

collected.  In the flipped version, students watched three short videos, as noted in Table 6.2, performed 

the “above the pinch” as an asynchronous exercise and during the in class activity most students were able 

to complete much more challenging “below the pinch” heat exchanger network calculations and to 

evaluate the utility of various options.  Students used more complex material, less total time, and 

demonstrated better learning.  

Table 6.2. Heat Integration: Structure of Related Learning elements and In Class Activity 

Learning Element Length 

(Min) 

In Prev. 

Lecture? 

Pre/Post 

Class 

Objective 

Energy Intensity 

Minimization 

2:51 No Pre Class Introductory - Understand reducing 

heating and cooling loads with simple 

integration examples: feed effluent 

exchangers 

Heat Exchanger Network 

Design part I 

9:28 Yes Pre Class Conceptual - Determine overall process 

heating and cooling load for a process 

and pinch 

Heat Exchanger Network 

Design part II 

5:29 Yes Pre Class Example related to in class work - Pinch 

analysis example explains how to 

integrate above and below the pinch and 

considerations for pairing streams 

Heat Exchanger Network 

Design part III 

4:07 No Post Class Extension - How concepts are used in a 

process simulator 

Total video time 21:15 14:57 60 min Time previously spent in lecture 

Pre Class time 17:08  4:07 Post Class Time 

Compression 1:4 15:60 Delivery time reduced 75% 1:4 

New Class Activity 50 No Solving below the pinch - active learning with peer 

and instructor help completed and handed in. 

Previously left to students to do on their own. 

 

6.4. Structure of In Class Activities, Assignments and Assessment Alignment 

A portfolio assignment category worth 5% of the final mark was created to ensure that assessment 

was aligned with the learning objectives.  The learning objectives were used to create the learning 

elements. In turn, the learning elements were used to create the in class activities and assignments. 

Assignments were then “completion graded” with feedback when possible and counted toward the 

portfolio grade.  Other assignments counted as part of the portfolio include the weekly tracking and 
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reporting of tasks and hours, the team selection and skill development plan, the team charter, a one 

page initial scope and the final skills assessment.  The portfolio grades align assessment with the 

course objectives and create an environment where assessments and course objectives are used by the 

students to construct learning in an environment supported by instructors acting as guides.  These 

assessments also demonstrate progress toward or achievement of CEAB graduate attributes.   
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7. Data Analysis Methods 
The educational experience for students in the capstone chemical engineering design course is quite 

variable.  Students have had different instructors with different foci for core courses; are following 

different subspecialties from biomedical, to computer process control, to oil sands; are following either a 

co-op or regular program; have taken diverse elective courses; and have had diverse industry/academic 

placements. Their programs of study and work experiences may also be well or poorly aligned with the 

design project they and their team select. It is not possible to explore this diversity in its entirety.  

The chemical engineering capstone design course is one of the few courses where all regular and co-

op cohorts are evaluated together after co-op students begin their work experience in second year.  This 

feature is a factor that has a potential influence on student performance data and must be considered in the 

analysis of the flipped learning pilot because the co-op program provides a stronger experiential 

education, and participation in the co-op program is normally competitive.  Starting in 2010, the capstone 

design course was reformatted to mimic the work environment of an EPC office with supporting in 

person lecture-format tutorials and weekly project team meetings with the same instructor providing 

project management support and advice. Student: Instructor (SI) ratios varied during the study period, as 

did the regular and co-op cohort make up and size.  As noted in Chapter 2, in the period immediately 

preceding the flip, the average performance of students in the regular and co-op cohorts appeared similar 

but it is important to examine the impacts of flipping and potential causalities on both a cohort and 

individual basis. 

7.1. Evidence Hierarchy and Study Methods 

  Evidence hierarchy and classification methods inform experimental design. In epidemiological 

studies an evidence hierarchy, as shown in Figure 7.1, is used. Randomized Control Trials (RCT) are at 

the top of the hierarchy for individual experimental design (Petrisor, 2007). Meta study, the systematic 

review of many studies, is thought to provide the best evidence (Burns, 2011).  The Meta analysis of 

educational strategy and assessment impact on learning outcomes, discussed in Chapter 4, is an example 

of this type of study (Hattie 2009).  Analytical study designs require specific causality to be investigated 

and hence are at the top of the pyramid.  The highest applicable study method in the evidence hierarchy 

was chosen to guide analyses. The evidence-based hierarchy was used to classify the reliability and 

applicability of the selected analyses. The Grounded Theory of Causal Generalization as proposed by 

(Shadish, 2002) and based in previous education experimental design (Campbell, 1966) was used to guide 

causal inference and testing. The five principles suggested are: surface similarity, ruling out irrelevancies, 

making discriminations, interpolation and extrapolation, and causal explanation.  These principles were 

used to guide analysis selection based on the evidence hierarchy to answer the research questions posed.  
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Experiments in education are often designed as quasi-experiments and can provide useful information for 

the advancement of research, the key difference being the lack of randomization of study groups. (Leedy 

& Ormrod, 2010). The ability to fully control all the study variables and to randomize study groups was 

impacted by the cohort selection process as detailed and examined for potential bias in Chapter 8 Section 

1.  The use of intact groups for this study was required (Creswell, 2005) and randomization was not 

possible as the study is retrospective and constrained by program requirements. 

As this analysis only studies the chemical engineering design classes at the University of Alberta 

from 2004 – 2015, Retrospective Cohort Analysis is the highest level of analysis that can be used to 

determine co-op vs. regular program impact and the impact of flipped vs. traditional delivery on student 

performance.  The lower evidence hierarchy levels are descriptive studies and they are useful for 

generating hypothesis by examining trends.  Ecological studies are at the top of this level and are useful 

when examining possible relationships at the group level. This approach will be used to examine the class 

averages of co-op and regular program students and to examine possible bias between the co-op and 

regular cohorts. It will also be used to examine possible student to instructor ratio correlation and the 

number of students per team and performance. 

At the ecological level, statistical process control analysis concepts were chosen to assess impacts of 

program choice and pedagogical variance on class-average grade data for the ecological study.  A 

Systematic 
Review  

Randomized 
Control Trials 

Cohort Studies 

Case Control Studies 

Cross Sectional Studies 

Ecological Studies 

Case Series 

 Case Reports 

Expert Opinion 

Figure 7.1. Evidence Hierarchy of Study Types 
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multivariate comparison was completed to identify out of control points for dependent variables.  Simple 

regression was used to examine possible correlations.  Conclusions that apply to the overall success of 

educational strategies clearly do not extend to individual students.  It is possible for a cohort to have an 

improved class average and yet have individual students with poor results. An ordinal data logistical 

regression was completed to study individual performance data for co-op and regular program cohorts and 

to observe cohort individual performance trends completing the ecological study.   

After trends were identified a retrospective cohort analysis was completed. The regular stream 

students were classified as the control group and the co-op students as the test group. These groups were 

used to determine the overall impact of program choice on capstone performance during the study period.  

The last two cohorts were then compared using the 2015 flipped cohorts as the test group and the 2014 

cohorts as the control group.  For some analyses the 2015 cohort is compared to the 2004-2009 cohorts 

and the 2010-2014 cohorts.  The groups were compared based on previously examined data and odds 

ratios for grade outcomes.  

Next a case control study was used to compare the 2014 and 2015 cohorts to determine LMS use and 

compare effort requirements. LMS access data were sorted by team, categorized and compared for 2014 

and 2015 to understand changes in LMS use between flipped and traditional classrooms.  A comparative 

analysis of time required to complete the flipped and traditional versions and a comparison of methods is 

completed.  

A case based study analysis of the 2015 cohort is also performed using self-assessed student 

perceptions, student and instructor feedback on the learning materials and on course structure. Case based 

studies uncover trends, patterns and lessons learned.  They are used to examine situations where the 

diverse and complex nature of social, program, and educational outcomes cannot be attributed to a single 

cause. Using case studies implies that the evaluation relies on demonstrating plausible associations rather 

than measurable outcomes. This type of study was used to examine the flipped classroom in the published 

“Chemical Engineering Case Study” that can be found in Appendix B (Jamieson, Nocente, Shaw, 2015). 

As there are specific data available for analysis for the average grades of the cohorts and the 

individual grades within the cohorts, the ecological study and the retrospective cohort study methods can 

be used to examine the final grade performance of students to attempt to answer the research questions.  

Comparative data for the shift in the student’s perception of their skills relating to the CEAB graduate 

attributes before and after the course is unavailable making a case based examination of this data the best 
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option.  Student feedback, instructor observations, survey items and course analytics can be used to 

support the case based analysis and comparison of the 2014 and 2015 cohorts. 

7.2. Ecological Study and Statistical Process Control Methods 

An ecological study examines the relationship between exposure and outcome at the population level 

rather than the individual level.  The groups tend to be defined by time and or by place. In this work 

groups are defined by both time (chemical engineering design classes between 2004 and 2015) and place 

(the U of A).  The overall examination of the co-op and regular class performance in the context of the 

study population is useful to examine shifts in course structure in the context of cohort to cohort impact. 

The relationship between exposure to the co-op program and the outcome of capstone design performance 

is studied with the regular student cohort classified as the control group. The student: instructor ratio 

varies during the study time frame and is examined for correlation with student performance.  

Final team grades are typically the same for all individuals on a team regardless of cohort placement.  

Some teams self-select all co-op students, all regular students, or a mix of both and teams may include 

one or more subprograms of study.  Teams are asked to select on the basis of skills required to complete 

the course and not on the basis of program of study. The mix of students on teams also varies from year to 

year. These aspects of the study population are neither investigated nor controlled. The number of 

students per team and possible performance correlations are briefly examined. 

The same year student cohort cannot be used to test a flipped and traditional version of the design 

course. Splitting a class into two randomized sections is essentially equivalent to comparing 2014 and 

2015 cohorts with the exception that it is not carried out in the same time frame.  Controlling for co-op 

and regular program cohort influence is a confounding factor that would require randomization of the two 

program groups at entry. As this is a retrospective study this is not possible. Comparing two program 

cohorts from year to year rather than a single year class split trial allows for a comparison of program 

results under normal course conditions.  To this end, the class average for co-op students, the class 

average for the regular students, and the complete cohort class average are studied for all years including 

the flipped year.  

Univariate and Multivariate Statistical Process Control methods are used to examine cohort outcomes 

and formulate hypothesis for further testing. As graduates are a product of the education process, studying 

the variability of the graduate performance is indicative of the effectiveness of the transformation process 

when the inherent bias and variability of the incoming cohorts is compared. 
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7.3. Individual Study Ordinal Regression Analysis 

Ordinal regression is the method used to examine individual student performance for all study years 

including the flipped version.  Examination of individual outcomes is first investigated using ordinal 

regression, and then retrospective cohort analysis is performed.  Ordinal regression analysis examines the 

specific effects of the exposure to flipped learning on individuals and on their individual performance. 

Students are classified by course year in class, co-op and regular cohorts for the analysis.  Student: 

Instructor ratio (SI ratio), course year and program choice are investigated as predictors of student 

outcomes.  Ordinal regression is done using the final letter grade assigned to individual students.  Student 

identifying information is not a part of the analysis. Only the student attributes of course year, grade, SI 

ratio and cohort.  Enrico Indiogine completed ordinal regression calculation as part of the blended 

learning pilot project.  Results are reported and discussed in Chapter 8 Section 4.  

7.4. Experimental Design for a Retrospective Cohort Study 

The evaluation of the question “Does being a co-op student improve capstone design outcomes?” and 

then further evaluation “Does flipping the course impact student outcomes?” required the design of a 

cohort based data analysis plan to evaluate the impact on individuals rather than cohorts.  A randomized 

control trial (RCT) was not considered because selection of students for the co-op program is not random.  

Although there are some random aspects, such as the students desire to complete the program in four 

years rather than five, there is one feature of the selection process that fails the random test.  The co-op 

program has limited spots and entrance is determined competitively. Although economic climate may 

influence students in their choice along with other personal and random factors, more often than not 

students with the lowest grades must accept the regular program and thus cohorts are not randomized.  

Further analysis was completed using retrospective cohort analysis for the entire study population to 

determine the odds ratio for grade outcomes for the co-op (test group) and the regular (control group) 

cohorts.  

A retrospective cohort study data analysis fits this type of group selection criteria as the groups are 

only observed in the study.  No specific intervention is offered to one group and not the other from a 

design course teaching perspective.  The specific intervention offered to the co-op cohort and not the 

Table 7.1 Odds Ratio (OR) Construction to Determine Whether an Exposure is Related to an 
Outcome.  OR=(a*d)/(c*b) 

 Grade obtained (i.e. A+) Not grade Obtained (i.e. not A+) 

Exposed to co-op a b 

Not exposed to co-op c d 
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regular cohort is the experiential learning in the form of industry work terms as a natural consequence of 

grouping.  As such this intervention can be evaluated in this type of a study by investigating performance 

differences between the cohorts. 

 Intervention is offered in specific years in the form of course design changes to both cohorts at the 

same time.  Although instructors certainly made efforts to assist all students no specific intervention was 

offered to a specific group of students to assist them in their efforts to obtain higher grades in all years.  

Interventions offered to student cohorts have taken the form of course design (2010), reduction of 

student/instructor ratio (2010, 2013), increasing and maintaining contact time throughout the term (2010), 

the flipped pilot (2015), improving feedback and assessment techniques (2013). These interventions were 

offered to both the co-op and regular program students so their effects must be analyzed as a secondary 

impact to the co-op regular program cohort effects. 

RCT, cohort studies and case control studies are all analytic study designs and although RCT is at 

the top of the evidence hierarchy the data collected and the observational nature of this study lend 

themselves to a retrospective cohort study, the third level of the evidence hierarchy illustrated in Figure 

7.1. A cohort study allows causality to be addressed using odds ratios (OR) in a defined study population 

(table 7.1).  For this study we define our study population as the students completing first year 

engineering accepted into the Chemical Engineering undergraduate degree program between 2004 and 

2015.  The students are divided into two groups based on “natural causes”.  The study does not create the 

exposure but a system that is not under the control of the analyst does.  This “natural cause” is rule based 

and is a selection process that is consistent from year to year. It can be relied upon as a process that is 

objective to the study analyst.  The two groups studied are co-op and regular and the impact of the 

exposure to co-op on capstone design grades for cohorts from 2004 to 2015 is studied. The impact of the 

course design, the student to instructor ratio change in 2010 and the course flip in 2015 are considered as 

subsets of the analysis.  An investigation of the cohort characteristics is presented in section 8.1. 

7.5. Experimental Design for a Case Control Study: Time and Effort 

The LMS student access data were available for the 2014 lecture and the 2015 flipped versions of the 

design course. This allowed for a case control study design.  The 2014 cohort is the baseline or control 

group access and the 2015 is the case study access.  The purpose of this study is to determine the relative 

frequency of student access to the flipped course material, especially pre class learning element material.  

The access to this material was of interest as it was previously delivered in the lecture format and counted 

as accreditation units.  In the process of converting the material, time compression was observed and as 

such a time analysis was completed for pre class and in class activities for 2015 and compared to the 2014 
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baseline or control year.  The purpose of this study is to determine if flipping impacted student time 

commitment or effort requirements for the capstone design course. 

7.6. Case Study Design:  Student Perception of Competencies 

Online data available for considering student pre and post course self assessed perceptions was only 

available for the 2015 version.  An analysis of the CEAB graduate attribute skill assessment using pre and 

post course student data is presented and these self-assessments are examined for perception shifts. For 

the 2014 version the students assessed slightly different skills pre course only as an input to team 

selection.  The design for this data analysis is a case study as the data is not comparative to other years 

and the study time frame of interest is over the term the course was offered.  Comparison with the pre 

course results from 2014 would give a cohort to cohort comparison for entry in to the design course but 

would not allow for any conclusions to be drawn as the changes the students perceived in their 

competencies as a result of their last chemical engineering term.   

The results of this comparison should be interpreted in the context of the student perception of 

themselves at the beginning of term 8 and at the end of term 8.  The resultant change in their perception of 

their skills may have been caused by other course activities and events of their final term.  The design 

course is one of several causalities of student development in the final term.  The survey as designed is 

unable to distinguish the causality of the perception change only where the shifts are observed and to 

identify areas where greater progress may be achieved in future program and design course iterations.   

7.7. Case Study Design:  Student Material Access, Feedback and Observations 

Case studies for specific tutorials were conducted for student access to specific materials and the 

frequency of the access by team.  Enrico Indiogine, as part of the blended learning project, plotted heat 

maps and frequency access diagrams.  Analysis of the heat maps and frequency access is found in Chapter 

8.  Additionally students provided feedback on aspects of the pilot they liked and did not like.  Instructors 

provided feedback on what they perceived as more and less effective and student response to assignments 

and behavior during the term.  Some was in the context of comparison to previous experiences for both 

students and instructors. 

7.8. Summary of Studies and Evidence Levels 

The highest evidence level possible was chosen for each study performed in order to have the best 

quality results.  The cross section of studies, summarized in Table 7.2, provides depth to the analysis and 

corroboration from varying perspectives.  The ecological studies measure the grade performance of the 

groups and investigate possible causality for the observations.  The retroactive cohort studies attempt to 
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quantify the impact of the flipped classroom after examining the co-op and regular program performance 

differences.  Case based studies examine perceptions, time requirements and resource usage comparisons.   

 

Table 7.2 Study Summary 

Evidence Level Study Description 
Ecological Study Cohort Comparison  

Ecological Study Regression analysis for hypothesis testing 

Ecological Study Statistical process control analyses 

Ecological Study Ordinal regression 

Retrospective Cohort Study (observed natural 
groupings) 

OR comparison of grade performance 
between co-op and regular cohorts 

Case Control Study LMS access data and time required analysis 
for flipped and traditional lecture methods 

Case Study Comparison of student skill perception 2015  

Case Study Lessons learned 

Case Study Student and instructor feedback and 
observations 

Case Study  Access to tutorial material by team and time 
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8. Results and Discussion 

The individual study and analysis methods detailed in Chapter 7 are applied to the study group with 

the goal of understanding impacts of blending instruction in the capstone design course (CH E 435/465) 

on student performance. The academic abilities and achievements of students in the study group are 

characterized by their previous academic performance: admission to the Faculty of Engineering, as lowest 

accepted performance; chemical engineering program admission GPA, adjusted for course weighting after 

first year engineering; and their capstone design course mark.  Students are separated into co-op and 

regular student cohorts for the study and examined as a graduating class and separate cohorts.  Regular 

students in the regular four-year engineering program complete first year engineering a year after the co-

op student cohort.  The co-op student cohort completes 20 months of industrial work experience as part of 

their program. Impacts of direct admission into the second year regular program from the Faculty of 

Science at U of A or elsewhere, a small number of typically well-qualified students, and students 

dropping out of the co-op or regular programs, or deferred for a time are ignored. 

8.1. Ecological Study: Cohort Examination 

Capstone cohort class average performance is shown in Figure 8.1and program entry average GPA 

performance is shown in Figure 8.2 for comparable graduating cohorts. Variance for all cohort means is 

shown in red.  In addition, variance for 2004-2009 grouped cohorts and post 2010 cohort variance shifts 

are studied within specified time frames. Post 2010 observed class average variance is less for capstone 

and entry average cohort performance combined for graduating year, however no significant correlation 

between overall capstone cohort performance and average entry GPA performance is observed (R
2
=0.2).  

Correlation for co-op cohort entry and capstone performance R
2
=0.02 and regular cohorts R

2
= 0.06 is 

even less likely.  Post 2010 capstone average performance shows a minor increase while the entry 
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average does not change significantly. Figure 8.3 demonstrates differences observed in co-op (a) and 

regular (b) cohort capstone performance during the study period. Figure 8.4 illustrates cohort entry GPA 

variance according to capstone/graduating year. The Co-op cohort has a higher and less variable entry 

average. This observation extends to the capstone design course performance.  Post 2010, Co-op entry 

and capstone performance show some correlation (R
2
=0.6). The regular cohort has a lower and more 

variable entry average than the co-op cohort and shows no significant performance correlation. Using all 

study years, performance variation for both cohorts increases in the capstone course to near double for co-

op and regular cohorts when viewed separately.  

2.5

2.8

3.1

3.4

3.7

2004 2006 2008 2010 2012 2014

µ-𝛔 

Coop Program Students

µ+𝛔 

µ+2𝛔 all data 

µ-2𝛔 all data 

xbar shift
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These cohorts are compared using entry averages to determine inherent bias due to the program 

selection process. Program selection is based on student request combined with first-year academic 

performance. Figure 8.5 illustrates the current trend to increased competition for co-op program entrance 

and the corresponding regular cohort negative trend. After 2010 program entry GPA variability is less and 

GPA gap between programs is consistent.  GPA gap is not a predictor of class capstone performance on 

average. For classes graduating in 2016-17 the gap is higher but does not impact the study period. 

A comparative analysis of program entry GPA and capstone results for regular and co-op cohorts is 

reported in Table 8.1. Other than in first 

year, class average performance is not a 

useful cohort comparison because co-op 

and regular cohorts are separate during 

the majority of their chemical 

engineering undergraduate program.  

The class average for each course tends 

to be relative to the cohort evaluated 

rather than between cohorts because 

averages are normed. Capstone class 

averages tend to be about 3.3 regardless 

of the mark distribution with a variance 

Table 8.1. Program Stream Class Average Variability at Entry and Capstone  

Data type Regular Program Co-op Program Class Average  GAP Co-op – Reg. 

Time  Mean Std Dev 
of Mean 

Mean Std Dev 
of Mean 

Mean Std Dev 
of Mean 

Mean Std Dev 
of Mean 

 Entry 2004-
2015 

2.57 0.07 2.99 0.04 2.79 0.07 0.42 0.08 

Capstone 
2004-2015 

3.16 0.15 3.46 0.09 3.31 0.06 0.29 0.2 

 Entry 2004-
2009 

2.57 0.10 3.00 0.07 2.81 0.08 0.43 0.09 

Capstone 
2004-2009 

3.04 0.17 3.51 0.07 3.27 0.06 0.46 0.21 

 Entry 2010-
2015 

2.60 0.02 2.99 0.02 2.78 0.02 0.38 0.03 

Capstone 
2010-2015 

3.28 0.08 3.41 0.06 3.34 0.04 0.123 0.125 
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of about 0.06.  No significant change is observed for the capstone class average during the study period.   

The class average for entry GPA is also relatively consistent over this period at about 2.8, however data 

variability was higher prior to 2010.  

Faculty of Engineering minimum entrance requirements for Alberta students is shown in Table 8.2, 

an increasing trend is observed for first-year engineering admission at the U of A in recent years.   

  

Previous the lowest accepted mark was stable at about 80% for nearly a decade and for much of the study 

period. This would seem to indicate a high academic quality of all students entering the first year program 

Table 8.2. Faculty of Engineering Entrance Minimum High School Average (Data provided 
by the Faculty of Engineering) 

Admission Year Mark (%) Graduation Year Co-op Graduation 

2000 79 2004 2005 

2001 78 2005 2006 

2002 80 2006 2007 

2003 80 2007 2008 

2004 80 2008 2009 

2005 80 2009 2010 

2006 80 2010 2011 

2007 80 2011 2012 

2008 80 2012 2013 

2009 80 2013 2014 

2010 80 2014 2015 

2011 80 2015 2016 

2012 81 2016 2017 

2013 83 AB 2017 2018 

2014 85 AB 2018 2019 

2015 85 AB 2019 2020 
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in general. Yet some students struggle in first year and GPA results impact program selection and cohort 

placement.  It is apparent that all students within the regular and co-op cohorts in chemical engineering 

are drawn from top high school performers in the requisite subjects. There is a slight academic cohort bias 

as students more successful at adapting to the fast paced and heavily loaded first year tend to be in the co-

op program.  As described in Figure 8.5, an academic performance bias between co-op and regular 

cohorts at entry is ~ 0.4 for graduation years 2010-2015, but fluctuates between 0.2 and 0.5 for graduation 

years 2004-2009.  The grade gap for the capstone course is typically 0.2 or less for 2010-2015, but 

fluctuates between 0.2 to 1.0 between 2004-2009. The selection and types of students entering each 

cohort after first year may have an impact on the capstone performance. However, other factors impact 

final outcomes as evidenced by the entry and capstone data comparison (Table 8.1).   

Figure 8.6(a) demonstrates the ranges for course weight adjusted average GPA at program entry by 

cohort graduating year.  Figure 8.6(b) illustrates the variance within individual cohorts by graduating 

year.  All cohorts in the study period 2004-2015 have a similar GPA range.  The variance within regular 

program cohorts has a tendency to be higher (0.5-0.75) than co-op (0.4-.0.55) and the average for co-op 

cohorts tends to be higher.  

Circumstances surrounding individual entry GPA results and program path are unknown in this 

study.  Both cohorts are observed to have students with high to low academic standing at program entry. 

However, all students had high academic standing at initial faculty admission.  The lowest adjusted GPA 

average for both programs is typically 2.0 for both cohorts at entry.  Regular cohorts tend to have a lower 

program entry average for all study years and higher variance within the cohort grouping.  At the time of 

capstone summative assessment, co-op cohorts have an additional year of experiential education 

compared to the regular cohorts. Although co-op and regular program cohorts both have excellent 

admission credentials, first year performance variability is higher for most regular cohorts. Students with 

the lowest academic performance are typically in the regular cohort, but for many cohorts the difference 

is the number fraction of lower performers rather than their quality.  For cohorts prior to 2008, students 

with a lower GPA had the possibility of choosing co-op.  Cohorts after 2008 have consistently had a 

higher cut off than observed for the regular program.   

Studying co-op and regular cohorts separately to better understand pedagogical decisions and work 

experience with its potential resultant intellectual developmental impacts on capstone performance is 

required. Findings based on group outcomes do not apply at the individual level and are useful only for 

assessing overall impacts of educational strategies on average performance or on a comparison of average 

performance between cohorts to examine potential bias between the groups. Initial analysis indicates 

design course changes in 2010 had a positive impact on regular cohort performance and no significant 



Application of Blended and Active Learning to Chemical Engineering Design Instruction 
Marnie V. Jamieson 

 

 

91 

impact on co-op cohorts. Co-op and regular program cohort performance analyses are completed 

separately to understand if pedagogical strategies impact cohorts differently.  

8.2. Ecological Study: Student Instructor Ratio, Team Composition 

Additional factors identified as having potential to impact overall student performance are student to 

instructor ratio, instructor loading, student workload, team cohort composition, and the number of 

students per team.  These factors are examined to varying degrees depending on available data, time 

constraints, and preliminary performance correlations identified. Tables 8.3 and 8.4 describe actual 

capstone design course scenarios for students and instructors during the study period.  The number of 

projects per instructor impacts students from two perspectives:  the quality of advice as the instructor has 

more background work to complete for additional unique projects, and the quality of final assessment as 

the instructor has more reports to mark individually and less double marking is feasible.  

The number of students per team is included in the tabulated data and compared with average 

performance and specific team performance.  No correlation was found with student team size and 

performance. Often teams were mostly six or mostly five members in a given year.  In years where there 

were only a few six member teams they did not outperform five member teams consistently. Team size 

may or may not be an advantage depending on observed team composite ability, cohesion, and 

organization. Data was compared for cohorts during the study period. Similar results were found for all 

cohorts examined. 

Table 8.3.  Design Course Scenarios 2010 – 2015 

Year 2010 2011 2012 2013 2014 2015 

Number of 
Students 

129 143 126 129 123 127 

Number of 
Instructors 

3 3 3 5 5 4 

Number of 
Teams 

22 
21(6)+1(3) 

24 
23(6)+1(5) 

22 
16(6)+6(5) 

24 
9(6)+15(5) 

24 
3(6)+21(5) 

25 
2(6)+23(5) 

Number of 
projects/ 
instructor 

7.3 
1(6) +2(8) 

8 
3(8) 

7.3 
1(5)+4(6) 

4.8 
1(4)+4(5) 

4.8 
1(4)+4(5) 

6.25 
3(6)+1(7) 

Student/ 
instructor 
ratio 

43.0 47.7 42.0 25.8 24.6 31.8 
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Analysis of an observed co-op regular cohort capstone grade gap and SI ratio during the study period 

yields a linear correlation with R
2
=0.67 indicating correlation as illustrated in Figure 8.7. By contrast the 

number of students on a team compared to the more variable regular cohort average (Figure 8.8) shows no 

dependency on grades or gaps with R
2
=0.01, and this factor was not pursued further as a plausible 

explanation of performance variation.  Instructor loading was initially studied as the number of projects 

per instructor. As with student loading, this is difficult to quantify with a single measurement. Instructor 

project loading was found to vary with grade gap in the same manner as student: instructor ratio and was 

Table 8.4.  Design Course Scenarios 2004 – 2009 

Year 2004 2005 2006 2007 2008 2009 

Number of 
Students 

96 81 89 101 131 119 

Number of 
Instructors 

2 2 2 2 2 2 

Number of 
Teams 

24 
24(4) 

16 
16(5)+1(1) 

18 
16(5)+2(4) 

17 
1(5)+ 6(6) 

26 
1(6)+25(5) 

24 
23(5)+1(4) 

Number of 
projects/ 
instructor 

12 
2(12) 

8 
2(8) 

9 
2(9) 

8.5 
1(8)+1(9) 

13 
2(13) 

12 
2(12) 

Student/ 
instructor 
ratio 

48.0 40.5 44.5 50.5 65.5 59.5 

R² = 0.67 
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correlated with SI ratio, since SI ratio showed a higher correlation with grade gap, it was chosen for 

additional investigation.  

Further comparison of cohort grade gap performance (Figure 8.5), student instructor ratios and project 

instructor ratios as shown in Tables 8.3 and 8.4 suggests an optimal number of about 30-36 students per 

instructor depending on the number of students per team. Depending on other duties or commitments, the 

optimal number of projects per instructor appears to be between 5 and 6.  This allows for many of the 

projects to be double marked and other duties to be accomplished.  Figure 8.9 demonstrate the results of 

double marking for recent cohorts achieved within the grading window.  

8.3. Ecological Study: Application Statistical Process Control Analysis Principles 

Starting in 2010, newly developed in person lecture-format tutorials were provided in two hour 

blocks twice weekly to support student progress at various project stages. Weekly project team meetings 

with a specific instructor assigned to the project followed and the structure of the course moved closer to 

mimicking a real world design office.  Team and project management supports were put into place and 

the SI ratio decreased.  These changes form the rationale for separating the Statistical Process Control 

(SPC) analysis into two parts.  The design course education process had been changed significantly. This 

is comparable to modifying a production process. One would expect the product to be impacted by the 

change and the measurement data could be viewed on separate control charts or with shifted upper and 

lower control limits.  Hence the two time frames are 2004-2009 and 2010-2015.  The overall control 
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limits for all the data are calculated and compared to the split time frames to determine the impact of post 

2010 changes on co-op and regular cohorts. The rationale for splitting the entry GPA data into two time 

frames is to investigate the possibility of impacts to the program selection process including shifts in the 

popularity of chemical engineering as a selected discipline.  The flipped course version is included in the 

latter time frame as this process change is being investigated in the context of whether or not the process 

remained in control despite the disturbance of flipping the lectures. 

The type of data collected for regular and co-op cohort average grades in the capstone chemical 

engineering design course is periodically collected data.  The subgroup size is not independent of the 

choice of subgroup frequency.  The “sample” size is dictated by the year the data are collected and several 

observations cannot be collected for the time frequency.  For this reason, the average data is treated as 

periodically collected data and the XmR charting method (average moving range) is used for analysis.  It 

is frequently the most sensitive type of chart for this type of data. (Wheeler & Chambers, 1992) It is also a 

slowly changing process.  It takes four to five years to move through the undergraduate program and 

implemented changes are measured on a yearly basis. The logical subgroup size is n=1 as each 

measurement represents one “batch” and the measurements are widely spaced in time as one class per 

year.   For this study the upper control limit is defined as: 

UNPLx = Average+2.66(AvgMR)        (1) 

and the lower control limit defined as: 

LNPLx = Average - 2.66(AvgMR).       (2) 

The multiplier of 2.66 is 3.00 divided by 1.128, where 3.00 is the number of standard deviations that 

describe the typical variation of a normal distribution and 1.128 is the value for the bias correction factor.  

(Wheeler & Chambers, 1992) This is an estimate of the natural process limits and can be used to predict 

what a stable process is likely to produce in the future.  A stable process is one where observed data 

points reside within the upper and lower control limits.  Clearly, a disturbance introduced to a stable 

process may produce a result outside these limits hence the point would be considered to be out of control 

and of interest to investigate the causality of the disturbance.  Previous examination of the data indicates 

the majority of the observation fall within two sigma of the mean for all cases indicating a stable process 

for both capstone design performance and program entry.  These limits are translated to the multivariate 

analysis to determine the expected control ellipse for the process with dependent variables.  Points outside 

the ellipse are classified as out of control even if they are in control for the single variable analysis.   
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The analysis is summarized in Figure 8.10 for the capstone cohorts and Figure 8.11 for the same 

cohorts at program entry. On average the summation effect of 2010 capstone design course changes had a 

positive impact on regular program students and minimal or no impact on co-op program students.  In 

addition, changes made to the pilot flipped version in 2015 show no significant impact to either co-op or 

regular cohorts average performance based on the study population and time frame.   

For the co-op cohorts, Figure 8.10(a) demonstrates the control limits for all data points and the 

control ranges calculated based on the 2004-2009 and 2010-2015 times frames are not significantly 

different. The educational process changes made in 2010 and 2015 did not have an impact on co-op 

cohort average performance.  By contrast, Figure 8.10 (b) demonstrates a shift in the control limits from 

2004-2009 to the 2010-2015 period.  Although all points are within the control limits calculated for all 

data points, the inherent process variation is changed post 2010. For the capstone course the regular 

program average demonstrates a shift up along with the reduced cohort-to-cohort variability.  For the 

regular cohort entry data shown in Figure 8.11(b), the cohort-to-cohort variance is reduced, but there is no 

shift in the mean.  There is an observable positive impact on regular program capstone performance not 

observed in the entry cohort data for post 2010 changes and no impact observed for 2015 changes on 

average. 

 

In Figure 8.11 the entry program cohort analysis shows minimal variation for both the co-op and 

regular programs.  Typically the entry average is 3.0 for co-op cohorts and 2.6 for regular cohorts.  There 

is a slight reduction in program entry average variability after 2010 for both groups. This reduction is 

more significant for regular program cohorts.  Observed regular cohort entry GPA variability significantly 

increases in the capstone design course from 2004-2009. Post 2010 it more closely resembles capstone 

cohort variation. Entry cohort variability is carried through to the capstone design course performance. 
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Figure 8.10. (a) Coop Cohort XmR Analysis 

1

2

3

4

5

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Design Class Year 

 Regular Class Average Control Chart XmR 

UNPLx(all) LNPLx(all) Traditional
Xbar shift UNPLx(shift) LNPLx(shift)
Xbar (all)

(b) Regular Cohort XmR Analysis 



Application of Blended and Active Learning to Chemical Engineering Design Instruction 
Marnie V. Jamieson 

 

 

96 

However, the variability is reduced post 2010 for both entry and capstone data for the regular cohort.  No 

significant changes are observed for the co-op cohorts. 

The observed entry variation may reflect available chemical engineering positions consistently being 

filled with less variable cohorts for co-op and regular as observed in Figures 8.6 and 8.7.  For graduating 

classes between 2010-2014 corresponding entry cohort data indicates a higher variability within the 

regular cohort for a similar range with a lower mean.  Typically this indicates more students with higher 

averages are choosing the regular program at this time.  The reverse of this is true for the graduating 

classes of 2017 and 2018 where more students with higher entry GPA’s are choosing co-op. 

In the preliminary analysis, section 8.1, a hypothesis was formed that there might be a relationship 

with SI ratio.  When SI ratio is above a certain point, instructors are not as able to provide consistent 

quality and quantity of feedback and project monitoring to all students.  Regular program students appear 

to suffer more than co-op students under these circumstances. 

The co-op cohort average and the regular cohort average are thought to be independent variables.  

There is some evidence in the preliminary analysis to suggest this may not be entirely accurate going 

forward. There appears to be a trend shown in Figure 8.11 toward the co-op entry average increasing and 

a corresponding decrease in the regular program average. Coupled with the enrolment trend shown in 

Figure 2.1, pressure on the existing program instructional systems/practices and processes can be 

anticipated. The variables are only independent if the number of co-op positions available is more than 

the demand for those positions. This may vary from year to year, adding complexity to the study. For 

most study years the cohort averages are stable and are used in a multivariate analysis to confirm 

relationships.  Figure 8.12(a) shows the multivariate analysis of the capstone cohort relationship revealing 

two out of control points.  The control ellipse is estimated based on the xy scatter plot of the points and 

previously calculated upper and lower control limits. (Shah, 2015)  The control ellipse can be rigorously 
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calculated for specific confidence 

intervals (Kourti & MacGregor, 

1996) but this is beyond the scope of 

the analysis. The results from 2008 

and 2013 are outside the expected 

region. In 2008 capstone co-op class 

average was unexpectedly high and 

in 2013 the regular class average 

was unexpectedly high.  In 2008 

there were only two instructors for a 

very large class, supporting the SI 

ratio hypothesis. In 2013, a higher 

than expected failure rate in a prerequisite class, highlighted another potentially related factor: program 

impacts. Both 2008 and 2013 had potential causalities for observed anomalies in the cohort relationship.  

Figure 8.12(b) illustrates the comparative variability of cohorts at program entry.  No out of control points 

are observed providing further evidence causality resides within the capstone course transformation 

process or the undergraduate transformation process and is not only a result of initial cohort bias. 

Observed variance at the capstone level is significantly higher indicating that the capstone course and/or 

prerequisite courses can act as amplifiers. Higher variance is observed with the 2004-2009 course designs 

than the 2010 -2015 course designs.  Repeating the analysis for 2010-2015 capstone and entry cohorts 

reveals less variability. However, the 

2013 capstone regular average remains 

an exception.  

The 2013 regular cohort 

succinctly illustrates the process 

nature of education.  A disturbance in 

a previous course causes a disturbance 

in the measurement of the following 

course.  The undergraduate program 

itself is integral to capstone 

performance. As students “flow” 

through the program, individual perquisite course results and disturbances impact “downstream” courses 
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taken later in the program. The 2010 capstone program changes demonstrate process modifications can 

impact the performance observed. As education is a process, it can be designed, monitored, modified and 

improved.  Concepts from Statistical Process Control can be applied for analysis and determination of 

limits and hence exceptions can be identified.  Monitoring of the education process with a process control 

mindset can help identify causes of variation and impacts of process modifications on student 

performance. 

Figure 8.13 illustrates multivariate analysis of student instructor ratio vs. cohort performance. Co-op 

cohort analysis reveals an additional high student: instructor ratio, 2009. In this case, the co-op cohort 

performed worse than expected if only student instructor ratio impacted performance. Further 

investigation into plausible causes reveals the regular cohort entry average and cohort variance was nearly 

identical to the co-op cohort entry GPA for 2009.  Although there was a reduction in total projects from 

26 the previous year to 24, aggregate regular program student ability may be a plausible explanation for 

the observed outcome (Figure 8.11b). Although both 2009 co-op and regular entry cohorts are similar 

(Figure 8.11), on average co-op students performed better than the regular cohort.  Regular capstone 

cohort and SI ratio multivariate analysis revealed 2007 and 2008 as anomalies.  SI ratios were high both 

years. However the 2007 cohort performed better than expected indicating another possible influence. 

The regular cohort entry average is again higher than average providing a plausible explanation. This 

analysis supports the hypothesis that student performance is impacted by SI ratio but co-op cohorts 

experience a lesser impact than most regular cohorts and the impact for co-op cohorts is positive. As the 

Figure 8.13 MVSPC Student: Instructor Ratio Relationship with Cohort Performance. 
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average grade changes little from year to year (Figure 8.10) a potential explanation for the differential 

impact is: on average, student intellectual development as classified by Perry’s schema (Table 4.1) is at a 

different stage for co-op students; student instructor ratio impacts cohorts differently as they have 

different feedback needs while attempting the same cognitive tasks. Occasionally, regular cohorts with 

higher entry performance characteristics match co-op performance on average.   

The course model change in 2010 to mimic an EPC office was implemented in the same manner for 

co-op and regular cohorts and appears to have had a larger positive effect on average regular cohort 

performance – the intended outcome.  It is difficult to separate and quantify the relative effectiveness of 

the real world environment and the subsequent improvement in feedback to students without designing 

experiments to test outcomes for each individual change.  Consequently, the analysis is based on plausible 

causes for observed changes in measured data.  Educational practice effect size (Hattie, 2009) can help 

support plausible causes.  Given that formative feedback, spaced vs. mass practice and metacognitive 

strategies are ranked as the highest effect classroom strategies (Hattie, 2009), it is plausible that post 2010 

course changes implementing greater feedback, progress monitoring and evaluation/reflection activities 

impacted the regular cohort performance.  It is also plausible the co-op cohorts demonstrate different 

support needs based on intellectual development for completing the same cognitive tasks.   

From this analysis the impact of flipping the lectures on the co-op cohort is negligible (Figure 8.10a) 

for similar reasons the impact of the 2010 changes on co-op cohort average performance are negligible.  

There is a small positive impact observed between the 2015 and 2014 regular cohort class average 

performance. This change is within the anticipated variability of performance (Figure 8.10b).  

Entry cohort average variability is lower than capstone average performance variability for both co-op 

and regular cohorts (Figure 8.11).  Capstone performance variability has decreased significantly post 

2010 and plausible causality for perturbations is proposed.  Program of study entry indicators of student 

performance are not highly correlated to capstone results. Post 2010 Co-op cohort entry and capstone 

performance shows significant correlation, while the regular cohort performance does not.  Regular 

cohort individual student membership may have a change pattern not investigated in this study.  

Flipping the design course in 2015 had no impact on co-op or regular cohort performance at an 

ecological study level.  

High SI ratio has a significant negative impact on regular program cohort performance relative to co-

op cohorts.  Follow up study on pre course student intellectual development differentials between cohorts 

and potential impact on capstone design performance could be of interest in developing course activities 
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to support further intellectual development.  Utilization of the high impact methods identified in the 

Hattie 2009 meta study may further support this development for both co-op and regular program 

students. 

8.4. Ordinal Regression Analysis: Impacts on Individual Students 

  A polychoric model of individual final grades considering the impact of the student instructor ratio, 

co-op vs. regular program, and the blended program is presented in Figure 8.14.  At higher SI ratios the 

plot density shows more regular program students (co-op=false) with lower grades and at low SI ratios 

the frequency of low grades is significantly reduced for all students. Program entry data is not included. 

  

Figure 8.14. Individual student performance vs. S:I ratio (2004-2015). 
(Plotted by E. Indiogine, 2015) 

Notes: 

 Individual students are 

shown as red dots for all 

study years from 2004 – 

2014 

 Flipped pilot course 

students are shown as 

blue dots for 2015 

 Regular program 

students:  co-op =false 

 Co-op program students: 

co-op=true 

 Students are classified in 

grade bins for all study 

years 
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 At SI ratios below 40, students rarely experience below C
+
 performance levels regardless of 

program. In addition, the frequency of C
+
 performance is reduced.  To further investigate, student 

performance prior to 2010 was plotted vs. SI ratio in Figure 8.15.  The majority of low performing 

individuals are regular program students (red), in years where the SI ratio is high. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 8.15.  2004-2009 Individual grade performance vs. 
SI ratio and program (Coop=blue, Regular=red)     
(Plotted by E. Indiogine, 2015)  

Notes: 

 Individual regular 

program students are 

shown as red dots for 

study years indicated. 

 Individual coop program 

students are shown as 

blue dots for study years 

from 2004 – 2009 

 Students are classified in 

grade bins for study 

years – scatter is for 

presentation clarity. 
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Figure 8.17 Ordinal Regression plotted by year with SI ratio. 
(Plotted by E. Indiogine, 2015) 

 

Data in Figure 8.16 are grouped for comparison of (a) change to real world project design internship 

course structure, 2010- 2012; and (b) 2013-2014 same structure with similar instructor compliment, SI 

ratio, course structure and content for 

comparison with the 2015 flipped class 

structure.  Lowest individual performance 

level is comparable for similar SI ratio. 

Performance in the flipped pilot is 

comparable for individuals compared to 

the pre flipped structure. Most individuals 

performed at the B
-
 level or higher in 

2013-2015 cohorts.  The combination of 

low SI ratio and the flipped version 

actually gives the best individual 

performance results: C
+
 is the lowest grade 

with the lowest probability in the 2015 

cohort.  Figure 8.17 illustrates changes on a yearly basis identifying step changes in performance for 2010 

and again in 2013.  As changes continued past the year first observed it is unlikely to be cohort related 

changes and more likely to be related to instructional changes.  The 2015 flipped pilot had no impact on 

low level individual performance compared with 2013 and 2014 offerings where other course variables 

were essentially the same. This result is consistent with the ecological SPC class average study (section 

8.3).    

Figure 8.16. (a) Individual performance comparison 
with student instructor ratio and program choice 

(b) Individual performance comparison with student 
instructor ratio, program choice, and flipped pilot 
course structure. (Plotted by E. Indiogine, 2015) 
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Ordinal regression analysis suggests that co-op or regular program choice is a significant predictor 

of individual grades in the capstone course.  This observation was investigated further in the retrospective 

cohort analysis.  SI ratio was not a predictor of individual grades but is a predictor of the probability of 

low grades. Flipped instruction was not a predictor of individual grades or probability of low grades for 

the capstone design course for the years studied.  

8.5. Investigation of Effect and Causality Retrospective Cohort Comparison 

The observed capstone design performance gap between co-op and regular program students is 

rooted in the competitive discipline selection process. For the capstone chemical engineering design 

course, the performance gap is closed by employing a real world design organizational structure 

employing regular ongoing feedback and lower SI ratio to ensure quality feedback as students develop 

design projects based on real-world process design projects.  

 

Although the gap has closed on average, Figure 8.18 demonstrates the impact of co-op program 

status on individual performance in the chemical engineering undergraduate program during the study 

period. The odds ratio (OR) (Figure 8.18(a)) for most grades is the same for both programs.  The A
+
 OR 

is almost 3.5 for a co-op student and the OR for a B is 1.8 for a regular student.  The probability of a 

grade as shown in Figure 8.18(b) shows the central tendency for regular program students is a B, however 

the central tendency for the co-op program is higher.  Log odds analysis reveals students in both programs 

have an equal likelihood of obtaining a grade between A and B
-
. Regular students are more likely to 

obtain lower grades and co-op students are more likely to obtain A
+
 grades. The co-op program offers 

students a performance advantage in the capstone design course.  Post 2010 the OR of an A
+
 for a co-op 

student decreased to 2.4 from 3.4 for all study years and the OR for all grades between A and B
-
 are 

similar for both cohorts.  The probability of either cohort obtaining grades C and below is low, however if 
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that grade is obtained it is much more likely to be a regular program student. Figure 8.19(a) illustrates the 

grade probability for co-op and regular programs split into the 2004 - 2009 mentorship course model with 

higher SI ratios and (b) the post 2010 internship course model with lower SI ratios.  Students are more 

likely to achieve higher grades post 2010 with the exception of co-op A
+
 grades, which are less likely. 

Figure 8.19 illustrates the case based odds ratios for achieving a grade in (a) the mentorship course 

model and the (b) internship course model.  Changes made in 2010 to the course structure have evened 

the odds for students in both co-op and regular programs to achieve most grades. However Co-op students 

are still more likely to achieve A
+
 and Regular students are more likely to achieve C or C

+
.  Neither 

cohort is likely to perform at a level lower than C
-
 post 2010.  Post 2010 course structural changes and 

decreasing SI ration have had a positive impact on student performance for both cohorts. 

Student performance in the flipped classroom is compared to performance in all other years in Figure 

8.20.  The OR analysis indicates Co-op students are as likely or more likely to achieve a grade of B
+
 or 

higher in a flipped classroom. Co-op students are unlikely to achieve a B, equally likely to achieve a B
-
 as 

previous years and co-op students are more likely to achieve a C
+
 in the flipped version than in the lecture 

format of the design course. Regular students were as likely or more likely to achieve a grade in the A- to 

B- range in the flipped classroom.  They were less likely to achieve a mark of A
+
, A or C

+
. Overall 

students were more likely to achieve a grade higher than B
-
 or a B

-
/C

+
 in the flipped pilot.  
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Comparing the blended pilot to the mentorship course model and higher SI ratio results in enhanced 

performance for most students, slightly lower highest grade achievement and no low grade performance.  

Co-op students are more likely to achieve a B
+
 or better and regular students are more likely to achieve a 

B
-
 or better in the flipped course compared with the recent lecture version. The probability of a low grade 

for regular students is reduced and increased for co-op students. 

 The Retrospective cohort analysis suggests the cohort performance for most grades is similar.  Co-op 

students are more likely to receive an A
+
 and regular students are more likely to receive a C

+
.  This 

finding is consistent with the entry GPA cohort bias, cohort characterization, the ecological study and the 

ordinal regression results.  The blended classroom appears to have resulted in a bimodal distribution 

increasing the likelihood for some co-op students to achieve a higher grade and a lower grade (C
+
). 

Regular students are more likely to obtain B
-
 than C

+
 and grades lower than C

+
 are not observed. 

 

  

0

1

2

3

4

5

6

A+ A A- B+ B B- C+ C C- D+ D F

O
R

 

Grade 

All Students Regular Coop

0

5

10

15

20

25

A+ A A- B+ B B- C+ C C- D+ D F

%
 P

ro
b
a
b
ili

ty
 

Grade 

%prob = coop grade/not
grade all years

%prob = regular grade/not
grade all years

%prob = regular grade/not
grade 2015

%prob = coop grade/ not
grade 2015
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In Figure 8.21 comparison of the blended classroom with the 2004-2009 mentorship model and 

higher SI ratios indicates co-op program students are as likely or more likely to achieve A, A
-
 and B

+
 

grades, slightly less likely to achieve A
+
, not likely to achieve a B, equally likely to achieve a B

-
 and more 

likely to achieve a C
+
.  Comparison of the co-op cohorts and the 2010 - 2014 internship model indicates 

co-op students are equally likely or more likely to achieve a B
+
 or higher with the blended version, 

equally likely to achieve a B- and more likely to achieve a C+. Regular program students were less likely 

to achieve a C+ in the flipped version compared to either the internship or mentorship course models.  

Compared to the mentorship model regular students were more likely to achieve and A
-
 or a B

-
 in the 

blended version. Compared to the internship model, regular students are more likely to achieve a B
-
 in the 

blended version.  For regular students the blended version is more likely to result in better performance.  

For many co-op students the blended version is also more likely to result in enhanced performance as 

summarized in Table 8.5.  

Table 8.5 Blended Class Grade Performance Summary by Program Cohort 

Grade Co-op +/-/N Regular Grade Co-op +/-/N Regular 

A+ Neutral Slight - C+ + - 

A Slight + Slight - C Neutral Neutral 

A- Slight + Neutral C- Neutral Neutral 

B+ + Neutral D+ Neutral Neutral 

B - Neutral D Neutral Neutral 

B- Slight - + D- Neutral Neutral 
 

0

1

2

3

4

5

A+ A A- B+ B B- C+ C C- D+ D F

O
R

 
Grade 

All Students

Regular

Coop

0

1

2

3

4

5

A+ A A- B+ B B- C+ C C- D+ D F

O
R

 

Grade 

All Students

Regular

Coop

Figure 8.21 Comparison of OR of Grade Performance in the 2015 Blended Classroom Pilot 
vs. (a) Traditional Lecture 2004-2009 and (b) Traditional Lecture 2010-2014  



Application of Blended and Active Learning to Chemical Engineering Design Instruction 
Marnie V. Jamieson 

 

 

107 

8.6. Comparative Analysis: Traditional and Flipped Approach Delivery Time 

This analysis is a case control study of the time required for students to complete pre class and in 

class activities compared to the traditional lecture delivery of the same material. In addition to data 

comparison this case study uses student and instructor comments and observations from the 2015 pilot to 

evaluate material reception and perceived effectiveness. 

The 2014 traditional lecture version of the course can be compared to the 2015 blended version on a 

time required to deliver materials basis. “Heat Integration” detailed in Chapter 6 Table 6.2 is “Tutorial 10” 

in Figure 8.22, a comparison of time required for course material delivery as a traditional lecture and as a 

flipped online video learning element with in class activity.  New material was added to online material to 

enhance student learning and the in class application was added. The lecture time compression ratio 

achieved varied from 1:2 to 1:6 depending on lecture materials being converted, the learning objectives 

for the tutorial, and time spent crafting the learning elements.  

Key learning from conversion and student feedback is summarized: 

 20 minutes is too long for video presentations – students complained.  

 Three five-minute videos are easier to watch than one fifteen-minute video.  

 Pre class material is better received than post class.   

 Tuesday Post class material and Thursday pre class material are done at the same time. 

 Post class material is sometimes viewed as optional. 

 Connection between related learning elements is needed. 

 Progression of a topic is a useful structure. 

 Division of topics is equally useful for related concepts covered at the same depth. 

 Learning elements are information dense – high compression rate. 

 Time must be allowed for student processing. 

 Written notes to support videos are effective and useful to students. 

 In class active learning is critical to make connections and process material. 
 

The capstone design class ends at 6:00pm after project meetings and intense work for most students 

and instructors.  Most are tired and need a break. Having less work required before the Thursday class is 

better but not always possible in the topic progression. A student comments on the longer videos: 

“Also, the videos are relatively long. I can’t express how much easier it would be to come home after 

a tutorial and read through/consult a document as opposed to sitting through a 20 minute video and 

then trying to remember everything you’ve covered.” (Design Student 2015) 

After this feedback on video length, the maximum length was about 10 minutes and the aim was for five.  

Just because more material can go into a video format does not mean that it should.  Time alone is not a 

good measure of content when comparing delivery methods. My experience in searching for possible 
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direct use video material was if video lengths were much greater than ten minutes I would not test it.  I 

did not want to invest that much time in something that I wasn’t sure was going to suit my purpose.  Most 

of the videos I tested were listened to on the fastest speed to screen material for items of value. Like 

students, my time is limited and I prioritize to get maximum benefit for time invested.  

 
Using video resources for my own learning and observing how I learned or didn’t learn from them 

helped to clarify the student experience of the material.  Long was out, and concise with illustration and 

animation was the most useful. A clear script is also essential.  Having notes was useful if I wanted to 

skim the material and determine if I wanted to watch it. Skimming written material tends to be faster than 

screening video material.  However, when material was deemed important the written material was of 

value to eliminate the note taking process for future reference.   

“We would be much better off if the same information could be put in a document for our reference, 

so that we wouldn’t have to watch the videos over and try to remember the important elements or 

take notes.” (Design Student 2015)  

My experience working with video learning echoed this sentiment. I took notes when using videos 

for learning where I wanted to be able to apply the material, or to integrate the material into my work.  I 

did not want to go back and watch the video to refresh my memory.  A skim through my notes prompted 

recall and took less than a minute. To find the video and watch it again would take more time. Providing 
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written reference material is critical for students to use material in their project effectively at higher levels 

of learning.  Students are only expected to listen to a lecture once and are provided with reference 

material or take notes to review prior to applying the material to problems.  Learning elements should be 

considered information dense lectures, although time compressed they are delivered once. Written 

reference materials should be provided for easy review and reference while working with the material in 

assignments or projects.   

Heavy workloads during midterm weeks and when concurrently required lab course assignments are 

due are not optimal times for student learning in design.  It causes overload and students must then choose 

priorities based on maximizing grade performance and satisfaction. Overall integrated program planning 

for the term is an essential element in optimal learning.  Student feedback from all cohorts from 2010 – 

2015 confirms this.  Specific feedback from a 2015 design student: 

“Do professors get together and plan for everything to be due at the same time just to make it more 

stressful for us?” (Design student 2015) 

The student made the comment in jest during a weekly project meeting when the team had little to report 

as a consequence of their decision to focus their lab report. It is indicative of the workload peaks 

experienced by students due to schedule coincidence.  The design course is a heavy contributor to 

workload in the final term. Although a majority of teams had similar impacts on their schedule, some 

teams plan effectively for peak workloads.  Although a great lesson in unplanned schedule impacts, it 

speaks to the pressure of peaks in a heavily loaded schedule in the undergraduate curriculum.  Allowing 

for peak workloads when designing the timing of on line materials and formative assignments affords 

students scheduling opportunities.    

With compression in the delivery of materials, there is a temptation to add more material to 

“lectures”.  This is a mistake.  Even though the material is compressed, it does take students time to work 

with it and digest it.  While developing mixing learning elements with Suzanne Kresta she noted: 

 “I’ve seen a number of theses learning elements now and they are information dense.” (Kresta, 2015) 

This is important to note.  Reduction in learning element length compared to traditional lecture delivery 

does not mean material is eliminated.  Rather, presentation of the material becomes illustrative and 

deliberate.  Instructors no longer take cues from their students as to whether the material is too fast or too 

slow for understanding.  The material is presented at the pace of the script and animation.   

Students may require time to pause, think about the material, and review accompanying written 

notes.  This must be considered when calculating the pre class time equivalent to the lecture delivery 
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method.  Although material is compressed students still process information and make connections at the 

same rate as they did previously.  The traditional lecture pace is approximately equal to the student 

processing pace.  Students need time in class to work with an instructor and peers to develop a deeper 

understanding of the material. The active learning component is essential to deeper learning.   

Overall time spent using online learning elements once and participating in class activities is 

summarized in Table 8.6.  This does not include time spent on assignments prior to the end of class.  For 

some topics students spend less time than the traditional lecture methods. For other topics they spend 

more time. The time spent learning is similar but possibly more efficient as activities and methods are 

changed from passive to active with flexible learning locations and timing. Most students were using 

higher-level cognitive process that more academic students use spontaneously (Biggs, 1999) as a result of 

the in class activities.   

 

8.7. Effectiveness Evaluation of Flipped Approach vs. Traditional Lecture Delivery 

Assessment of student use of the on line material and demonstration of student use to ensure 

equivalent accreditation unit assessment for the capstone design course CHE 435/465 was a blended pilot 

project objective.  Time spent on flipped learning pre class and on in class activities is similar to the time 

spent in lectures for the traditional version of the design course. Effectiveness measurements considered 

were: online quizzes, in class assignments, LMS access monitoring and equivalent student performance 

results. Student performance results for summative assessment are found to be equivalent on an average 

and individual result basis. 

For the first iteration of the blended course online quizzes were not included.  Initially considered as 

a tool to assess access to online learning elements, time constraints dictated a focus on the development of 

learning elements and in class activities.  The utility of online quizzes to demonstrate student on line 

material engagement is under consideration for the second iteration of the flipped course (winter 2016).   

 

 

Table 8.6. Comparison of Flipped Online and Traditional Lecture Delivery methods 

Total Time Required Flipped Online & In Class Flipped Online Traditional 

 Minutes per tutorial  Video Only Active Learning Combined Lecture 

Average  19.5 48.5 68 90 

Maximum 32 60 92 120 

Minimum 11.5 30 41.5 60 
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On line quizzes may check immediate retention but without connected in class active learning, 

retention may not be long term or evidence of ability to use knowledge (Sidhu, 2015). In planning for 

quizzes or in class assignments as a tool for constructive alignment of assessment, to support student 

learning and CEAB GAA demonstration the purpose served is important.  The assessment structure for 

Design II is outlined in Table 8.7. With the addition of the portfolio to encourage formative work, quizzes 

are not needed to demonstrate material access. 

In class assignments were typically employed to ensure student interaction with the material and 

online access logs were used to evaluate access frequency.  In class assignments typically required the 

students to engage with each other and submit a team assignment at the end of class. Students also 

reported their findings to the class as a whole in some cases.  Student access frequency of total LMS 

course material is shown in Figure 8.23 for 2014 and 2015 on a group basis. Group access is reported in 

random order with average cohort access for each year shown in red.  The number of groups varied 

between years, but the number of students per team and the number of students per cohort was similar. 

Table 8.7 Design Course Assessment Structure 
Assignment Traditional Structure Flipped Structure 

 Value (%) Purpose Value (%) Purpose 
Pre course skill assessment 0 Formative P Formative 

Team Selection 0 Formative P Formative 

Portfolio (In Class Work) N/A N/A 5 Formative 

Team Charter 0 Formative P Formative 

Initial one Page Scope 0 Formative P Formative 

Situation Report Draft  Formative  Formative 

Situation Report Final 5
*
 Summative 5

*
 Summative 

Meeting 1 planning  Formative  Formative 

Meeting 1 evaluation 5
*
 Formative 5

*
 Formative 

Mass and Energy Balances  Formative  Formative 

Meeting 2 planning  Formative  Formative 

Meeting 2 evaluation 5
*
 Formative 5

*
 Formative 

Client Presentation  Formative  Formative 

Meeting 3 planning  Formative  Formative 

Meeting 3 evaluation 5
*
 Formative 5

*
 Formative 

Final Report 80 Summative 75
**
 Summative 

Final team evaluation 0 Formative P Formative 

Post course skill assessment 0 Formative P Formative 
*
Assignments were graded together 5% is the total allocated 

**
Final Report Marking was done using the same rubric and scaled to accommodate the portfolio 
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Different types of material access can be determined by understanding how materials were typically 

classified and presented.  URL access was used for the video learning elements in the flipped version.  

This type of access was used in the traditional course for website based references and was limited.   A 

comparison of this type of access provides an overview of how often student groups used video based 

material is shown in Figure 8.24.  File and Folder access was typically course resources and includes 

lecture notes, assignment instructions, and text resources. Similar for both cohorts, group access is shown 

in Figure 8.25.  

 

Course pages typically contain information about the course structure and requirements. Access was 

similar for both years.  Assignment access increased for the flipped pilot as the in class assignment 
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component was increased in the flipped version.  For 2015, the in class assignment access and uploading 

are tracked with the comparable assignments for project development and tracking in the traditional 2014 

version.  Figure 8.26 examines this change and the variable team response and access.  Assignment access 

may include team members checking that responsible team members submitted the assignment.  Forum  

 

access, Figure 8.27 (new for 2015), was used for peer feedback activities and as a tool for some in class 

activities.  It is included to demonstrate a range of participation frequency for this activity.    
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     Observations and data indicate some teams 

watched the videos together, some 

individually and some skipped some of them.  

All teams watched most of the video learning 

elements, attended most class activities and 

handed in all assignments.  Course 

effectiveness is not evaluated on whether or 

not students were able to check off all 

activities as complete but rather that students 

accessed materials necessary for their 

individual development and project 

completion. The purpose of this analysis is to demonstrate student access to the LMS and participation in 

LMS activities required for the course.  Students do access online resources and are motivated to use them 

for their learning and/or project completion.  Quality of resources and relevance to required project 

activities impact ongoing use of resources.  Essentially students use what helps them complete project 

work and items that are required for course credit.  They attempt to maximize project value for time spent.  

Ongoing evaluation and revision of on line material for the next course iteration are aimed at clarity, 

brevity, organization, and enhancing connections with student learning modalities. Changes include: 

 Better organization of Moodle class block for simplicity 

 Removal of assignments from tutorials to an assignment block 

 Remove resources from the main block in Moodle to a separate resource section.   

 Students requested key items be highlighted.  

Instructor notes and specific student feedback are invaluable in the improvement process. All instructors 

reported increased student engagement and interaction in class and in the weekly meetings.  All LMS 

indicators report increased access to online materials in comparison with the lecture version of the course.  

Students did participate and did access required materials.  Instructors observed the depth of the questions 

students asked increased as the level of engagement increased. Did increased access to LMS resources 

and activities have an impact on student performance? Access data are examined in Figures 8.28 and 8.29 

with respect to performance.  
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For the 2014 lecture/project version of the design course there is no correlation between final mark 

or final report mark performance and access to LMS materials or a specific type of LMS material.  The 

same finding held for the 2015 flipped classroom version of the course.  Performance would appear to be 

linked to student centered factors rather than course delivery mode.  Students taking the flipped version 

accessed the LMS more frequently for URL (video learning elements), forum, and assignment activities.  

Resource and course page access were similar for both flipped and lecture student groups. Final report 

performance was not related to LMS access for either group.   

Certain organizational and delivery items can be significantly improved on in the next iteration. 

Negative student feedback centered on organization of the LMS, ability to find items when needed, an 

overwhelming amount of information, missing final report assignment items and video quality.  Positive 

feedback was focused on team development, classroom interactions, presentation opportunities, and more 
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project time.  Overall, students engaged with the online material, classroom activities, instructors, TA, 

and project activities.   

8.8. CEAB GAA and Skill Self Assessment: Pre and Post Course Comparison 

Students self select their teams in the capstone design course. Consideration of individual strengths 

and weakness is part of the team selection process. Students attempt to assemble a team with requisite 

skills for successful design project completion and identification of skill development areas. The existing 

skills inventory (Appendix D) resembled but was not identical to the CEAB graduate attribute 

performance criteria. The form had been in use for many of the course iterations in the study period but 

the instructions and evaluation process used evolved over time.  Team selection was completed, in class, 

ahead of project selection on the first day of classes from 2004 to 2009. From 2010 onward students were 

asked to complete their team selection in advance of the course.   

For 2015, the skill inventory was reorganized into CEAB GA categories and converted from a paper 

format to an electronic format. Students evaluated their skills in advance of the course by answering 

questions in an electronic survey, in a secure environment that allowed them to see a spreadsheet 

composite of team results. A CCID sign on was accepted in lieu of a signature. The instructions provided 

for the skill inventory were: 

This skill inventory is based on the Canadian Engineering Accreditation Board (CEAB) Graduate 

Attribute Assessment (GAA). The first task for this course is self-reflection and evaluation. This 

reflection is structured and based on the learning outcomes from the CEAB. This evaluation is based on a 

scale from 0-3. 

0 = No or introductory experience  

1 = Developing proficiency  

2 = Proficient 

3 = Mastered 

Once you have completed this form the ratings that you have given yourself will be transferred to your 

team selection form composite as strengths or weaknesses. You will be required to sign that form with 

your team members indicating the skills and attributes that you are able to contribute to them team. The 

team selection form will become part of your team charter, which will be handed in for approval. 

After you have completed this course you will be asked to re evaluate yourself using the same criteria. 

 

All students responded to the pre course survey, as it was a requirement for the team selection.  The 

post survey was “low stakes” by comparison and approximately 40% of the students responded.  Only 
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data for students responding to both is used in the comparative analysis.  The CEAB graduate attribute is 

the header for each result section. Density plots (present means as indicators of central tendency) giving 

an indication of the response distribution and the shift of the mean.  These plots are used to demonstrate a 

tendency visually as the data are discrete responses from the population rather than continuous functions. 

A similar plot is being considered to represent the class median response and indicate where the 

individual student would be relative to the class as formative feedback.  Likert plots (“Proficient” and 

“Mastered” are grouped on the right hand side and “Introduced” and “Developing” are grouped on the left 

hand side) are presented for each attribute and indicate the discrete nature of the data.  The responses are 

broad based and intended for students to consider their confidence in their ability to apply skills and 

concepts related to the word(s) used to name the skill area. 

1.  A knowledge base for engineering:  Demonstrated competence in university level mathematics, 

natural sciences, engineering fundamentals, and specialized engineering knowledge appropriate to the 

program. 

 The types of projects offered in the design course are often natural gas processing, petrochemicals, 

refining and upgrading.  At times projects offered investigate biological processes.  Students appear to 

perceive their experiences over the last term prior to graduation as contributing to their knowledge in 

Figure 8.30.  Comparison of Student Evaluated Specialized Engineering Knowledge as Industrial 
Experience by Area (a) Density plot and (b) Likert plot (Indiogine, 2015) 

Introductory      (2)        (3)       Well Developed 
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chemicals, gas processing and heavy oil processes according to results shown in Figure 8.30.  Figure 8.31 

shows student perception of their skill shift for engineering topics as a result of their term work.  The 

largest shifts from introduced/developing to proficient/mastered were seen in the areas of material 

selection (25%) and process equipment (20%). This shift was between 10-15% for most other topics with 

the exception of distillation (5%), which showed a high level of proficiency in the pre course results.  In 

all topics students typically indicated an increase on the scale with few students indicating only 

introductory knowledge in the post course results.  Process control was indicated post course as 

developing or introduced by 33% of students indicating an area of improvement.  In concurrence, 

instructor observations of students while working on PFD loop diagrams identified this as an area for 

future course improvement. Currently there is no tutorial information on basic loop design in the capstone 

design course.  The required process control course has been included as a prerequisite for Design II for 

future iterations.  Learning element development is being considered. 

 

Figure 8.31.  Student pre and post course rated skill levels in chemical engineering topics related to 
project work (a) Density Plot and (b) Likert Plot (Indiogine, 2015) 

Introductory      (2)        (3)       Well Developed 
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2. Problem analysis: An ability to use appropriate knowledge and skills to identify, formulate, analyze, 

and solve complex engineering problems in order to reach substantiated conclusions. 

As illustrated in Figure 8.32, over 80% of students perceived a proficiency or mastery of problem 

identification and mastery prior to the design course.  This shifted to over 95% post course approximately 

40% of students in the stronger category indicating a well-developed level.  The largest shift was realized 

in the category of reaching substantive conclusions with a 20% shift towards proficient/well developed.  

3. Investigation:  An ability to conduct investigations of complex problems by methods that include 

Introductory      (2)        (3)       Well Developed 

Figure 8.32. Student pre and post course rated skill levels in problem solving topics related to 

project work (a) Density Plot and (b) Likert Plot (Plotted by E. Indiogine, 2015) 

Figure 8.33.  Student pre and post course rated skill levels for investigation topics related to 
project work (a) Density Plot and (b) Likert Plot (Indiogine, 2015) 

Introductory      (2)        (3)       Well Developed 
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appropriate experiments, analysis and interpretation of data, and synthesis of information in order to reach 

valid conclusions. 

 Investigation related skills were rated as developing by one third to over half of the respondents at 

the pre course survey as shown in Figure 8.33.  At the post course survey between 85% and 90% of 

respondents rated themselves as proficient or mastered for researching engineering problems, creating 

solution options, developing analysis criteria, synthesis of information and drawing valid conclusions.  

Only 71% indicated satisfactory competence or higher for error analysis indicating an area for possible 

improvement in future course iterations, however this particular skill was shifted significantly from pre to 

post course responses.  Significant time was devoted to in class work on decision analysis, criteria 

formation and project application, while no class time was devoted specifically to error analysis. Some 

time was spent on uncertainty in modelling and simulation due to characterization of feeds.   

 

4. Design: An ability to design solutions for complex, open-ended engineering problems and to design 

systems, components or processes that meet specified needs with appropriate attention to health and 

safety risks, applicable standards, and economic, environmental, cultural and societal considerations. 

 Figure 8.34 illustrates the student perception of development for design skills.  The ability to 

develop boundary constraints shifted from 60% of students rating themselves as introduced or developing  

Figure 8.34.  Student pre and post course rated skill levels for design topics related to project 
work (a) Density Plot and (b) Likert Plot  (Indiogine, 2015) 

Introductory      (2)        (3)       Well Developed 
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 to a post course rating of 80% rating as satisfactory competence or mastered.  Design a process system 

increased from about half the respondents indicating confidence to 86%.  Design process components 

showed a similar increase.  Assessment of technical, economic, safety, environmental and risk 

components of the design increased by about 13% and consideration of implications increased by about 

20%.  In this particular iteration of the design course, the material typically used in the HAZOP and risk 

analysis methods was not able to be converted to learning elements due to time constraints and in class 

activities were related to identifying risk rather than applying methods.  For the 2016 iteration of the 

course this will be changed to include learning elements for these topics and the HAZOP topic is being 

considered for one of the seminar topics pending available facilitation.  The students in the post course 

assessment students reflected what instructors had previously observed in their course observations. 

 

5. Use of engineering tools: An ability to create, select, apply, adapt, and extend appropriate techniques, 

resources, and modern engineering tools to a range of engineering activities, from simple to complex, 

with an understanding of the associated limitations. 

 

Introductory             (2)      (3)     Well Developed 

Figure 8.35.  Student pre and post course rated skill levels for use of engineering tools related to 
project work (a) Density Plot and (b) Likert Plot (Indiogine, 2015) 
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 Figure 8.35 illustrates the survey data gathered for skills related to the use of engineering tools.  A 

major tool used in the design course is the process simulator for modelling. However, not all processes 

are modelled well using the simulator and other tools must be employed.  In addition pre course work in 

other simulators students may from prior work experience is welcome as a team selection skill, but this 

should not change for the majority of students from pre to post course as the only simulator students have 

at their disposal is VMG Sim.  A few students may encounter the other simulators via industrial advisor 

interactions. A shift for other simulators would be indicative of unreliable results for the self-assessments.  

Although this does not validate results with skill testing, it is an indicator that students are relatively 

reliable when assessing their experience.  The biological processes question is another reliability 

indicator.  The majority of students do not have experience with this in the undergraduate curriculum and 

the exposure to this area in the design course is minimal.  Other specified tools increased between 5% and 

15% from developing to proficient. Economic Analysis techniques and VMG Sim could be targeted areas 

for improvement, while sizing and costing appears to be effective. 

 

6. Individual and team work:  An ability to work effectively as a member and leader in teams, 

preferably in a multi-disciplinary setting. 

Introductory             (2)      (3)     Well Developed 

Figure 8.36.  Student pre and post course rated skill levels for team work related to design 
project (a) Density Plot and (b) Likert Plot (Indiogine, 2015) 
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 The chemical engineering capstone design course works with conceptual design concentrating on the 

application of chemical engineering knowledge to early project analysis.  As such it is not a 

multidisciplinary team environment, none the less it is a team environment structured in a way to give 

students an opportunity to develop team skills prior to graduation.  The student perception their team 

skills is summarized in Figure 8.36.   Post course results indicate that 80% or more of the students view 

their skills as a satisfactory or well developed competence with the exception of learning styles.  Learning 

styles was a self directed optional activity, while the remaining skills were active topics for learning 

elements, in class discussion and activities and project applications. 

 

7. Communication skills:  An ability to communicate complex engineering concepts within the 

profession and with society at large. Such ability includes reading, writing, speaking and listening, and 

the ability to comprehend and write effective reports and design documentation, and to give and 

effectively respond to clear instructions. 

 

 Student perception of their communication skill competence improved in all areas surveyed as 

shown in Figure 8.37.  The largest shifts were observed in oral presentation and report preparation.  Oral 

presentation was a larger part of the design course this year because of the in class activity sharing.  The 

requirement to report results to the class gave students and opportunity for impromptu speaking in 

Introductory             (2)      (3)     Well Developed 

Figure 8.37.  Student pre and post course rated skill levels for communication work related to the 
design project (a) Density Plot and (b) Likert Plot (Plotted by E. Indiogine, 2015) 
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addition to the formal meeting requirements with their industrial advisors.  Almost all students felt 

proficient at figure generation and keyboarding after the course, however 10% - 15% of students still felt 

they were developing in the categories of technical reading, text preparation and text editing by the end of 

the course.  Given the importance of written communication to engineering, this area is targeted for 

additional support for the 2016 iteration.  Seminars specifically aimed at supporting student writing and 

metacognitive development are planned and discussed further in Chapter 9. 

8. Professionalism: An understanding of the roles and responsibilities of the professional engineer in 

society, especially the primary role of protection of the public and the public interest. 

 

 Figure 8.38 summarizes student perception of their professionalism pre and post course.  For the 

items surveyed 90% of students viewed themselves as having a satisfactory or well developed 

competence post course with approximately 10% of students rating these areas as developing.  Pre course 

65% - 80% of the students rated themselves as satisfactory or well developed competence.  

 

Introductory             (2)      (3)     Well Developed 

Figure 8.38.  Student pre and post course rated skill levels for professionalism related to the design 
project (a) Density Plot and (b) Likert Plot (Plotted by E. Indiogine, 2015) 
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9. Impact of engineering on society and the environment:  An ability to analyse social and 

environmental aspects of engineering activities. Such ability includes an understanding of the interactions 

that engineering has with the economic, social, health, safety, legal, and cultural aspects of society, the 

uncertainties in the prediction of such interactions; and the concepts of sustainable design and 

development and environmental stewardship. 

 

Figure 8.39 indicates student skill assessment of pre and post course skill levels related to analyzing the 

impact of engineering on society and the environment.  For HAZOP experience 70% of students viewed 

their ability as developing pre course and 60% viewed their ability as satisfactory or well developed post 

course.  The remaining items showed a marginal shift of 5% for risk assessment, approximately 10% shift 

for environmental impact, societal impact, sustainable design and safe design.  Environmental 

Stewardship was a perceived shift of approximately 15%.  The redevelopment of the 2015 course utilized 

externally sourced material for pre course work and in class activities were not as targeted to objectives as 

they could be.  Improvements in this area could be potentially be targeted and realized in future iterations.    

Introductory             (2)      (3)     Well 
Developed 

Figure 8.39.  Student pre and post course skill levels related to analyzing engineering impacts on 
society, safety, and environment for the design project (a) Density Plot and (b) Likert Plot (Plotted by 
E. Indiogine, 2015) 
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10. Ethics and equity:  An ability to apply professional ethics, accountability, and equity 

 

 Pre course 59% of students rated themselves as satisfactory or well developed in their understanding 

and application of equity principles post course this shifted to 90% of responding students rated at this 

level.  Post course 90% of students perceived their abilities in applying ethics and accountability 

principles to be at least a satisfactory competence, roughly a 15% shift.  The student perceptions for ethics 

and accountability are shown in Figure 8.40.  The shift is mainly attributed to student responsibility for 

managing their teams and project work during the term as no specific instruction in equity principles or 

ethics is given.  It is implicit in project management, task resourcing, task distribution and team selection 

assignments. 

  

Introductory             (2)      (3)     Well Developed 

Figure 8.40.  Student pre and post course rated skill levels related to ethics and equity principles 
and the design project (a) Density Plot and (b) Likert Plot (Plotted by E. Indiogine, 2015) 
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11. Economics and project management:  An ability to appropriately incorporate economics and 

business practices including project, risk and change management into the practice of engineering and to 

understand their limitations 

Shifts in student perception of their abilities in the surveyed items relating to economics and project 

management are shown in Figure 8.41.  The largest shift observed is deviation management from 40% to 

70% rating their abilities as satisfactory competence or better.  Next largest shifts of about 15% were 

observed in economic and business analysis, risk and schedule management.  Minor shifts were observed 

in planning and scheduling and adaptability.  A shift to the left from pre to post course is observed for 

communication related to project management.  It was hypothesized that students may rank themselves 

lower in the post course survey if they realized a skill was not as well developed as they may have 

thought.  This was the only skill where a shift to the left is observed in the post course results.  The shift is 

observed from students previously rating themselves in the satisfactory competence range.  There is an 

overall increase of students in the well developed competence category.  Students were not given their pre 

course results during the post course survey as a comparative measure to gauge their answers.   

  

Introductory             (2)      (3)     Well 
Developed 

Figure 8.41.  Student pre and post course rated skill levels related to economics, project management 
and the design project (a) Density Plot and (b) Likert Plot (Plotted by E. Indiogine, 2015) 
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12. Life-long learning:  An ability to identify and to address their own educational needs in a changing 

world in ways sufficient to maintain their competence and to allow them to contribute to the advancement 

of knowledge. 

 

 The majority of students self assessed the skills in Figure 8.42 related to life long learning as 

satisfactory or well developed competence in the post course survey.  The ability to develop competence 

and the ability to identify self-educational needs were rated as satisfactory or better competence by 96% 

and 92% of post course respondents.  Some students were less confident in their ability to meet self 

education needs and understand limitations.  Both attributes were observed to have 88% of students self 

assess at satisfactory competence or better.   

  A positive self-assessment shift for students in the majority of skills or attributes surveyed was 

observed post design course.  Some attributes and skills had a large student perspective shift towards 

satisfactory competence and others less so.  Some of the observations were correlated with instructor 

observations in the course and directly related to areas that could be improved in the next iteration of the 

course.  This tool does not prove students have attained a certain level of competence in any of the 

attributes, however it does indicate where students perceive they have developed and as such is good 

Introductory             (2)      (3)     Well Developed 

Figure 8.42.  Student pre and post course rated skill levels related to lifelong learning and the design 
project (a) Density Plot and (b) Likert Plot (Plotted by E. Indiogine, 2015) 
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feedback for course continual improvement.  Given the observation that student prediction of their 

performance ranks the highest in Hattie’s 2009 meta study of educational effects, student perceptions of 

their performance do have a correlation to their performance.   The exact nature or correspondence of 

their perceptions and their actual skill level is likely variable from student to student.  The post course 

survey was completed prior to students receiving their final grade for the course.  

 A comparison of the subsample data for the pre course and the entire class for the pre course skill 

survey do not indicate a significant difference between the two groups.  As summarized in Table 8.8, the 

largest shifts were noted in researching and investigating problems, design, team, report preparation, 

Table 8.8. Summary of Pre-Post Course Graduate Attribute Shift from Introduced or Developing 

to Satisfactory or Well Developed.   

CEAB GAA Avg. Shift % Students Satisfactory or Well Developed 

1.  A knowledge base for engineering ~10% ~90% (Weakest: process control ~60%)  

2. Problem analysis ~20% ~95% (highest gain: reach substantive 

conclusions) 

3. Investigation ~30% ~90% (weakest:  error analysis ~70%) 

4. Design ~30% ~80% (weakest: consider implications and 

assess sustainability) 

5. Use of engineering tools ~20% ~75% (weakest: simulation software) 

6. Individual and team work ~20% ~90% (weakest: coaching & learning style) 

7. Communication skills ~15% ~90% (highest gain: report preparation) 

8. Professionalism ~12% ~90% 

9. Impact of engineering on society and 

the environment 

~15% ~70% (weakest: HAZOP) 

10. Ethics and equity ~15% ~90% (highest gain deviation management) 

11. Economics and project management ~20% ~75% For PM skills higher for support 

skills: planning, communication, etc. ~80% 

12. Life-long learning ~12% ~90 to 95% (weakest: understand 

limitations and meet self education needs) 
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project management and accountability skill areas.  Some areas such as use of engineering tools, error 

analysis, HAZOP and process control require further development and will be the focus of course 

improvements. 

8.9.Examination of the Research Questions in the Context of the Study Results 

This section examines the thesis and general research questions in light of the findings of the various 

studies performed.  The thesis questions are specific to the design course(s) and the chemical engineering 

program factors.  The general research questions were posed for blended learning in general and are 

discussed in the context of flipping the chemical engineering capstone design course and the work 

completed for this thesis. 

Research questions posed for this thesis include: 

 Does flipped learning lead to equivalent or better outcomes for Design II students?  

 Is CEAB Graduate Attribute development demonstrated from data collected? 

 Is student effort and quality of the final report equivalent or better for flipped learning students? 

 Does a flipped learning structure produce equivalent or better academic performance? 

 Is the co-op program a predictor or factor in student outcomes in design? 

 Is the co-op program a predictor or factor for student results in a flipped structure? 

 

Does flipped learning lead to equivalent or better outcomes for Design II students?  

In the context of the ecological study, the ordinal regression analysis and the retrospective cohort 

analysis flipped learning did lead to an equivalent outcome for Design II students.  There is evidence that 

students in the co-op program have been more likely to achieve A+ grades in the past and are still more 

likely to do so in the flipped version.  Although regular program students were more likely to achieve 

lower grades in the past, the flipped version there is a decreased likelihood of a C+ and an increased 

likelihood of a B-. Regular students have an equal likelihood of achieving grades between A
-
 and B as in 

past lecture versions of the course.  For co-op students there is a significantly increased likelihood of a B
+
 

and a nil chance for a B in the flipped version.  There is a small group of students who were not 

significantly disadvantaged nor were they advantaged by the flipped version compared to other versions 

of the course.  The groups that achieved in the C
+
 region, including some co-op students was small. For 

co-op students there was an increased likelihood of a C+ grade in the flipped version, but a low 

probability of occurrence.  

Further study and better organization of the course could be of interest to determine how much of an 

advantage flipped learning may give students.  It does appear that there may have been some advantages 

to student performance.   
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Is CEAB Graduate Attribute development demonstrated from data collected? 

The case based study of student skill assessment demonstrates student perceptions of their development of 

skills supportive of the CEAB attributes.  The performance measures for the summative assessments of 

the situation and final reports are unchanged from previous years. Markers, marking and criteria remained 

the same and performance on average and on an individual basis maintained expectations.  A case based 

study of student use of the LMS materials and time spent on flipped and traditional methods yielded 

results of similar time spent on study and projects with the flipped version demonstrating increased LMS 

access in support of assignments and accessing pre class material. 

Is student effort and quality of the final report equivalent or better for flipped learning students? 

Yes. The results of the case based LMS access, project tracking worksheets and final report marks 

indicate that effort was equivalent or greater in the flipped version of the course.  The quality of the final 

report materials was shown to be similar to recent performance. 

Does a flipped learning structure produce equivalent or better academic performance? 

Yes.  There is some preliminary evidence to suggest for some students it could be improved and for some 

students it could be less that expected.  Further research is required.  On average the outcomes are 

equivalent. On an individual basis an equivalent grade bin distribution was observed. 

Is the co-op program a predictor or factor in student outcomes in design? 

Co-op students are more likely to achieve an A+ than regular program students, however that likelihood 

has decreased since 2010.  Students from both programs from 2010 to 2015 essentially have the same 

likelihood of achieving grades from A to B-. 

Is the co-op program a predictor or factor for student results in a flipped structure? 

Co-op students are still more likely to achieve an A+ in the flipped version of the course.  They were also 

more likely to achieve a B+ over a B in the flipped version. Not all co-op students achieve excellent 

results, not all regular students achieve poor results.  Since 2010 students in both programs have typically 

achieved performance better than a C
+
. 

 

Research questions posed for the broader investigation of blended learning, which this thesis contributes 

to include: 

 What is the instructors’ experience in developing and implementing their blended learning course? 

 What is the students’ experience of the blended learning approach? 
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 What is the impact on student engagement? 

 What is the impact on student learning? 

 What is successful? What is unsuccessful? 

 

What is the instructors’ experience in developing and implementing their blended learning course? 

 The instructors experience was generally positive.  Students were observed to stay in the classroom 

after the in class time working in small groups and interacting with instructors often until the end of class 

at 6:00 pm or beyond.  Instructors observed less email questions and more in class questions.  Students 

were often prepared for class activities.  If they were not, they were observed preparing in class.  Since 

there was an assignment to hand in they were motivated to participate in the learning activities.  There 

were more software downloads for VMG Sim, Visio, and MS project as students needed the software for 

class.  The simulator TA was busy with questions two weeks earlier than previous years and the questions 

tended to be related to projects and not software.  The first preliminary report and other milestone 

activities were often handed in early, some were handed in several days early and there was less recycle 

on the first report.  This was not typically observed in previous course iterations.  Most teams were able to 

achieve an early start to their project with the flipped version of the course.   

What is the students’ experience of the blended learning approach? 

 The student experience varied from comments that it was terrible to it was the best experience.  

Being a pilot version using online materials for learning, there were more LMS organizational and 

presentation limitations that impacted course perception than anticipated.  Quality and organization count.  

Students are often used to only seeing one set of lecture notes as they progress through a course and not 

all the feature of the LMS.  For some it is a significant change from previous experience.  

 Students appreciate clarity in understanding the rules, the goals, the assessment requirements and the 

ability to find resources easily.  In the pilot version the focus was on converting material to on line and 

preparing in class activities more than on presentation organization.  This had a significant impact on the 

student experience.   

What is the impact on student engagement? 

 In the classroom students were engaged in discussion, assignments, and presentations.  This was a 

stark contrast to the regular lecture version where students are typically passive.  What was the impact of 

this changed engagement? That is still unknown.  Questions as to whether students experienced enhanced 

intellectual development as classified by Perry’s schema are not answered by student performance alone.  
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Students may have developed further, written a good report and lost marks for missing required elements.  

This study did not investigate the causality of the lower marks or the effect of student engagement on 

performance.  

What is the impact on student learning? 

 The impact on student learning in the context of the chemical engineering program is student 

achievement of objectives is possible.  Some students did very well in the environment, enjoyed the 

format and excelled.  Other students disliked the format and still did well.  Grade performance summative 

assessment results on average and for individuals was similar to previous years 

One of the major impacts on student learning was the proliferation of information on eClass and the 

overwhelming appearance of some tutorials.  This has been flagged for redevelopment for the next course 

iteration. 

Student self-assessment of skills demonstrated an overall positive shift in the number of students 

perceiving their abilities as satisfactory or well developed competencies. 

What is successful? What is unsuccessful? 

The flipped design classroom was successful in: 

 Faster team and project start up 

 Maintaining grade performance and meeting course objectives 

 Improved grade performance for some students 

 Increasing in class engagement 

 Shifting student perception of their competencies 

 Providing flexibility for students 

 Shifting instructor focus to feedback, guidance and support rather than lecture preparation 

 Shifting student focus to active and in control of their project 

 

 

The flipped design classroom was less successful in: 

 Preventing information overload for students in the first iteration 

 Convincing students that flipped learning was easier than sitting in a lecture 

  Improving grade performance for all students 
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 Reducing instructor time devoted to course preparation 

The flipped design classroom has many advantages demonstrated by study results and experiential 

data including flexibility, data collection and analysis to inform continual improvement, maintenance and 

potential improvement of student performance.  Targeted improvements to teaching and aligned 

assignments to advance student intellectual development and enhance cognitive task performance can be 

identified and carried out in the context of the design course and potentially the undergraduate program.   

Initial development and revision of materials was time consuming and often limited time available for 

providing feedback in the pilot version even though more opportunities existed, taking advantage of them 

was not always feasible.  It is expected this will improve for future iterations.  Logistics for the design 

course and implementation of high effect teaching tactics such as meta cognitive strategies, self-

questioning/reflection techniques, additional feedback and co-operative learning opportunities are 

significant tasks.  Improving teaching clarity and professional development require time to complete.  

Resources and strategies required for additional support are required on top of an already logistically 

complex current course structure. 

8.10. Summary 

The flipped classroom with the online component provided students with equivalent learning and 

potentially deeper learning opportunities.   Performance was demonstrated at an equivalent level with 

previous cohorts.  CEAB GAA development was demonstrated from the student perception data and in 

the summative assessment of the final report.  Academic performance was similar to previous cohorts 

from an ecological and individual perspective. Student effort required to produce a report and learn 

required material was similar. The flipped approach required an equivalent or more total time input for 

learning as the traditional approach from an accreditation hours perspective.   In general co-op students 

are more likely to demonstrate A
+
 performance than regular program students regardless of the course 

structure.  Regular students are slightly more likely to demonstrate B- performance. The source of this 

bias may be multifactorial and causality was not investigated in this study.  Comparison of specific grade 

performance of co-op and regular cohorts between flipped and traditional course delivery methods did not 

indicate a significant change indicating blended learning using a flipped course design structure is a 

feasible method of scaling the capstone design course to accommodate student enrolment growth.   
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9.  Addressing Program Growth and Solutions to Maintain Teaching Quality 

Design course blending led to equivalent student learning outcomes and to several positive learning 

impacts including:  delivery time compression of learning material, more in-class engagement, additional 

formal and informal feedback opportunities, discussion, and presentation of learning.  As the class grows 

from 125 students (2015) to 170 students (2016) and then to 200 students (2018), can a blended learning 

environment maintain or enhance the quality of the student learning experience, support instructors in 

maintaining best practices, and leverage available technology?  Quality and quantity of feedback to 

students has already been identified as a significant contributor to improving student performance 

especially in the regular cohort.  Although student motivation is recognized as a significant effect in 

student performance, investigation of possible instructional solutions and effects is the focus of this 

discussion.   

9.1. Blended Structure Supported by a Collaborative Teaching Team 

Maintenance of a low enough SI ratio is critical to providing quantity and quality feedback to design 

teams during the course. This aspect of the course is not scalable and staffing design course positions is 

challenging (Forbes, 2015). In addition, identification of suitable industry sponsors and unique projects is 

also challenging. The minimum number of projects required for 170 students is 29. For 200 students, 34 

projects are required if maximum team size is restricted to six students. Ideally there should be 5+ and 6+ 

instructors guiding student teams respectively.    Such large numbers of projects and the corresponding 

number of instructors will be a challenge to achieve in the time frame expected. The current number of 

instructors (four) will be inadequate even for the second iteration (Winter 2016) of the blended version of 

the course from this perspective. Table 9.1 outlines possible scenarios for managing 170 students and 

indicates possible preferred solutions. Maintaining the current number of instructors would result in a 

lower quality teaching and learning environment. Implementing metacognitive strategies in a community 

of inquiry (team) structure where students construct their learning requires advisor resources to guide the 

inquiry (White, 2005) and provide specific scaffolding for learners.  Instructor/team interaction is a key 

consideration for implementation of high impact teaching strategies.  Meaningful feedback to inform 

improvement and for summative assessment, opportunities for spaced practice and multiple attempts at 

learning material, creativity programs, and metacognitive strategies all require significant instructor 

interaction with students, and is particularly important in a capstone design course.  

An alternate solution to higher staffing levels considered is to remove the unique project aspect from 

the capstone course and run the same project with multiple teams.  This concept is currently being piloted 

in the Fa2015 version of CH E 464 Design I.  It may reduce the instructor loading as the instructor has 
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fewer projects to be familiar with.  The risk of providing the same project to multiple teams is the 

possibility of unwanted collaboration across teams, making assessment of individual contributions more 

unclear and challenging.   The gain in reducing the requirement of the instructor to be familiar with 

multiple projects may be lost as the instructor now needs to add evaluation of cross team contribution 

concerns to the assessment of student work.  This strategy may represent the instructor as an expert and 

allow for students to retreat to this “safer” level and may require effort to actively manage what occurs 

naturally with unique projects: the instructor cannot be the expert in each individual project or have the 

“right answer” – only guidance.  

 

9.2. Meta Cognitive Strategy Implementation: Writing Across the Curriculum 

Findings from student cohort examination, classification of design course cognitive tasks 

requirements, and the evaluation of the quality range of student final reports indicate additional formative 

feedback for writing development could aid student development and would support course task 

challenges and student development. The student self-assessment for report writing, Figure 8.36, concurs. 

Only half of the class grade themselves as “satisfactory” or better in this area at the start of the course. The 

teaching team spends significant effort on improving report-writing skills and at the end of the course 

there is a marked improvement.   

For the second iteration of the flipped and blended course, the teaching team has formed a 

partnership with Writing Across the Curriculum (WAC).  Increasing spaced practice will provide students 

with scheduled feedback opportunities with a technical writing consultant in a seminar series.  Topics will 

target style, credibility, arguments and the role of writing in thinking.  The seminar design is intended to 

provide resources and opportunities for students to construct learning experiences to further develop 

Table 9.1 Possible Scenarios for Managing 170 Students in the Design Course  

Number of 
Instructors 

4 4 5 5 6 6 

Number of 
Teams 

29 
25(6) + 4(5) 

34 
34(5) 

29 
25(6) + 4(5) 

34 
34(5) 

29 
25(6) + 4(5) 

34 
34(5) 

Number of 
projects/ 
instructor 

7.25 
3(7) +1(8) 

8.5 
2(8) +2(9) 

5.8 
1(5)+4(6) 

6.8 
1(6)+4(7) 

4.8 
1(4)+5(5) 

5.7 
2(5)+4(6) 

student/ 
instructor 
ratio 

42.5 42.5 34 34 28.3 28.3 
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metacognition, and encourage ongoing writing and revision throughout the term of the reports they 

prepare for formative and summative assessment. Writing experiences and guided practice support learner 

objectives and relevant tasks while globally supporting overall cognitive development of higher-level task 

skills and contextual relativism skills (Bean, 2011) directed at advancing and demonstrating performance 

of the CEAB graduate attributes.  To maximize cognitive development opportunities seminar organization 

includes:   

 Instructor/Team small group project development and managements interactions; 

 Writing and thinking about short duration and major assignments, individual reflection and team 

reflection; 

 Active learning with peer based interaction.  Collaborative, evaluative written and discussion 

activities. 

This seminar strategy draws on the highest impact educational strategies (Hattie, 2009) including: 

feedback, spaced vs. mass practice, metacognitive strategies, creativity programs, self-verbalization, self-

questioning, professional development, co-operative learning and worked examples. 

Metacognition has two parts: the knowledge of cognition and the regulation of cognition.  The 

understanding of learning strategies, understanding personal performance and how to learn is knowledge 

of cognitions. Regulation of cognition is the ability to plan and evaluate the cognitive process.  

Metacognition can be enhanced by writing and by evaluation of writing and thinking processes (Hacker, 

2009).  One seminar objective is student self-evaluation of their writing, thinking about their arguments 

and justifications, and how to build credibility in communication.  Metacognitive skill development is 

part of developing lifelong learning and self-evaluatory skills (Avis, Fischer & Thompson, 2010). 

The proposed topics for the seminar are detailed in Table 9.2 alongside the in class topics. The 

integrated strategy is designed to assist students to develop better final reports and afford specific 

opportunities to develop CEAB graduate attributes.  The seminar design is in keeping with the overall 

Learning 

Process 

Assessment 

Objective 

(Goal) 
Monitor 

Reflect 

Plan 

Constructive 

Alignment 

Metacognitive 

Cycle 

Figure 9.1. Comparison of Metacognitive Cycle and Constructive Alignment Learning Cycle 
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course metacognitive cycle: Plan, Monitor and Reflect. The partnership will also allow the teaching team 

to focus on students’ technical, organizational, and team skill development. The metacognitive cycle is 

compared to the constructive alignment learning cycle in Figure 9.1 to demonstrate congruence with 

course design and philosophy.  

 

The seminars begin with support for initial project research and progress to source credibility as 

students develop their initial report.  Revising for clarity, organization and argumentation coincide with 

the peer and instructor feedback on their report to develop a more polished product for the industrial 

advisor.  The seminars leave space for team evaluation and reflection when students have formal 

meetings.  The final report look ahead begins early February coinciding with the start of the core design 

section.  The aim is to have students writing up their work as it is completed and gaining feedback as it 

develops.  As the report grows the focus is on review, editing, conclusions and recommendations. 

In Table 9.2 milestone activities are shown in red and in class activities are shown in blue.   

9.3. Team Skill Self-Assessment and CEAB GAA Demonstration 

For the 2015 flipped version the team selection form was reorganized to mirror the CEAB GAA 

numbering and headings. Students were made aware of the course objectives and outline prior to self-

assessing their skills using an online survey.  The online survey populated a team composite and students 

could determine their team strength and plan for development. The electronic data collection allowed for 

the post course evaluation to be easily completed providing an opportunity to assess developmental 

progress as perceived by individual students. This type of process targets feedback to the instructor or 

other evaluators on the effectiveness of the course.  The highest educational effect (d=0.90) is formative 

feedback to the instructor (Hattie, 2009).  This type of course evaluation based on student perception of 

their skills is objective, specific, measureable, attainable, realistic, and timely. It is easily accessible to the 

instructor and can be aligned with course objectives, e.g.: CEAB graduate performance criteria.  It gives 

feedback to the students as their progress towards the CEAB objectives as they progress through their 

courses and it gives clear formative feedback to instructors where students perceive their development 

and where they do not.  Although this application was developed specifically for the capstone design 

course as a team selection tool, it is now generally available in Moodle (feedback tool) and can be 

accessed by instructors.  Survey questions can be targeted for specific courses.  This type of course 

evaluation is also consistent with the metacognitive development cycle of plan, monitor, and reflect for 

both students and instructors.  
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Consideration is being given to the concept of ongoing access of students to their own evaluation 

results comparison for courses in the program using the feedback tool to track development of skill 

through their program.  The idea of an individual portfolio as a measure of student development has been 

brought forward by CTL as an option for consideration (Nocente, 2015) as has the idea of gamification.  

The significant concept in gamification is that of a progression through the course material with feedback 

on how the student is doing relative to performance measures.  A possible combination of program 

progression related to CEAB GAA skill development attached to a student portfolio may be a useful to 

for tracking and assessing student learning and development as they progress through the program.  It 

could be a significant source of data to objectively determine what is effective and what requires 

improvement on a program basis.   

For the second iteration of the flipped course, the post course self-assessment will be integrated with 

final report submission. Submission of the final report will remain incomplete until team members 

complete the self-assessment.  Further, the self-assessment tool was deployed in Design I, CHE 464, at 

the start of the Fall 2015 academic term.  Individuals used the tool to assess their own skills and then 

select their teams.  Teams have completed two CATME evaluation cycles and most are happy with their 

team and individual performance.  A small number of performance concerns have been identified.  This is 

consistent with instructor observations of self-selected teams in Design II. Feedback has been provided 

via CATME to those students and the final report evaluation and final exam is incomplete at the time of 

writing. 

9.4.Team Self Evaluation, Reflection and CEAB GAA Demonstration 

The development of on line measurement tools to enhance quality of formative feedback to students from 

instructors and peers can be valuable to students, instructors and the evaluation of the CEAB graduate 

attributes.  The following is an example that applies to teamwork and lifelong learning criteria. The 

capstone design course objectives and the CEAB Graduate Attributes include: 

• Inculcate life-long learning and teamwork strategies through completion of self-directed group 

projects.  

• Develop and demonstrate team, planning, logistics, leadership, deviation management and 

communication skills. Demonstrate professionalism and accountability. 

The team evaluation and reflection process automation is meant to provide scaffolding for students to 

achieve course objectives, support team self-management and achieve a metacognitive cycle of plan, 

evaluate, and reflect.  Automated grading of submissions and collection of student perceptions in a data 

mineable form is intended to further inform course improvement.  Automation of this process provides   
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Table 9.2 Design II:  Course Overview by Week (Colours indicate milestone assignments) 

Week In Class Topic (ETLC 1-003) Seminar Topic (Cameron Library B-12) 

1 Project Selection (2pm) 

Team Conflict Case Study & Team Charter  

Project Research: Where to start the search?  

Refworks: Start building your final report today 

(Resources:  Librarian, Academic Advisors, 

Simulator TA) 
Project Management (MS Project) 

Review Charter and Initial Scope (2-4pm) 

2 Sustainable Design 

Decision Analysis 

Writing to Understand - The Situation Report 

Develop Potential Solutions and Credibility 

Coalescer Information Source Evaluation  

(Writing Across the Curriculum) 
Process Simulation (VMG Sim) 

Methane Liquefaction Simulation 

3 Situation Report Peer Edit (Due 2pm) 

Draft 2 (Due 7pm) 

Revising your Situation Report – Team Document 

Review:  Arguments, Organization, Clarity  

(Writing Across the Curriculum) Situation Report Feedback 

Reactor Modeling 

4 Meeting 1: Situation Report No Seminar (Assignment: Meet, Discuss & 

Report Post Meeting 1 Individual &Team 

Evaluation) 

No Project Meeting with Academic Advisor 

PFD & PID 

Liquid carry over analysis 

5 Plot Plans 

Plot plan improvement 

Building your Project Description: Justification 

and Argumentation 

(Writing Across the Curriculum) Heat Integration 

HX network pinch design 

6 Heat Exchanger Design 

HX design selection & start 

Looking Ahead: Turning a Situation Report into a 

Final Report – Planning Your Document  

(Writing Across the Curriculum) Pump and Compressor Details 

7 Reading Week:  No classes, seminars or project meetings. 

8 Separators, Distillation & Rector Design 

Process Interactions  & Component Design 

Open Session – Bring your questions! 

(Writing Across the Curriculum) 

Fluid Flow and Material Selection Impacts 

Considerations of interactions (scale up) 

9 Meeting 2 Mass & Energy Balances No Seminar (Assignment: Meet, Discuss & 

Report Post Meeting 2 Individual & Team 

Evaluation) 

No Project Meeting with Academic Advisor 

HAZOP 

Practice HAZOP techniques 

10 Capital Cost Estimation 

Using the factors for your project 

Building your Economic Evaluation  

(Writing Across the Curriculum) 

Quantify & Manage Risk (F&EI, CEI) 

Hazard ID Peer Review 

11 Capital Project Economic Evaluation 

Project Case studies 

HAZOP Meeting  

Project Strategy and Execution Schedule 

12 Work Period (Project Meetings 2-4pm) 

General Questions 4pm 

Final Report: Text Review, Recommendations 

and Conclusions (Writing Across the Curriculum, 

Academic Advisors) Work Period (Project Meetings 2-4pm) 

13 Work Period (Project Meetings as needed) No Seminar (Assignment: Meet, Discuss & 

Report Post Meeting 3 Individual & Team 

Evaluation) 
Meeting 3 Final Presentation 

14 Final Report Adjustments & Polishing Report Polishing & Final Questions 
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infrastructure for students, to complete the activity and develop their team and for instructors, to monitor 

and evaluate student success in meeting the course objectives and requirements.   

 Developing skills to individually reflect fairly on their own and teammates performance and reflect 

within a team context are both valuable skills and are the basis of lifelong learning and development as an 

individual and as a team member (Avis, Fischer, & Thompson, 2010).  Immediate feedback is a 

requirement for individuals and teams to create an optimal or “flow experience”.  It is of equal importance 

to clear goal setting (Csikszentmihalyi, 1990).  An exercise that supports individual and team reflection 

activities may be of more value than ranking individual contributions. While the latter serves the purpose 

of identifying members with a lower contribution, it is not clear that it supports the objective of 

developing life long learning and teamwork strategies. The CATME evaluation process tends to give 

students good information about how their team members perceive them and their contributions to the 

team.  It is less useful for a team to identify team behaviors correlated with performance outcomes.  The 

team assessment rubric adapted from Newell et.al. (Appendix E) is more concerned with the evaluation of 

the team functionality related to team outcome and the individual contribution to that function.  Both 

methods serve a purpose. One is intended to evaluate individual contribution and the other is intended to 

give feedback on outcomes relative to performance related behavior. Evidence of individual and team 

contribution during the online process may make demonstration of student growth in the performance 

behavior area easier, much like the CATME online feedback is easier for individual performance in a 

team.  Although the current method of CH E 435/465 team performance assessment requires all team 

members to sign the team evaluation and electronically upload the form there is no way to understand 

how individual students participated or learned from the experience or analyze data for trends and shifts.  

An online format would enhance instructor understanding of the team performance function.  

 Several attempts to steer students in the direction of self-evaluation and then team evaluation using a 

manual process have met with partial success.  Automating the process, tracking individual results and 

team revisions can give evidence of student development while leaving the control of the evaluation, 

discussion, and deviation management in the hands of the students.  This is another key ingredient in 

creating an optimal experience: a sense of control over one’s actions.  The tools must support the 

completion and guide but leave control with the students.  Such an automated tool may be in place for the 

2016 iteration of the capstone design course.  

 The purpose of the team evaluation tool is to allow students to rank their team behavior performance 

and obtain feedback regarding individual performance from their team members. Discussion of peer 
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evaluations and individual assessments is part of the team reflection and development process.   The 

purpose of the team assessment rubric (cross referenced with CEAB GAA) is to allow students to place 

their team behaviors in a framework that predicts performance providing them with feedback on their 

team performance.  As such the individual should complete the evaluation ranking and initial team 

assessment first.  Allowing students freedom to formulate thoughts on their performance and their team’s 

performance prior to team discussion gives students time to reflect on their own first.  It allows for honest 

identification of problems earlier rather than later in the term, giving students a chance to resolve 

concerns early.  The process overview, shown in Figure 9.2, should be student controlled, as teams are 

self-managing.  Automation will provide a consistent process and structure for the students to use within 

their teams.  Ranking is to be anonymous. However, over all rankings must be discussed by the team. If a 

team member gives the team as a whole or other individual a poor ranking they should be prepared to 

explain their concerns at a team meeting.  Since the ranking is done on a scale from 1-5, the meaning of 

those numbers may vary from person to person.  Allowing the team an opportunity to discuss variance 

prior to submitting a completed team assignment is valuable.  Having individual rankings on record is a 

resource for instructors in the event of a dispute requiring resolution.  To this end the individual results of 

the team assessment rubric and individual evaluation ranking are to be submitted automatically as an 

individual component for each student and accessible to the instructors as individual documents if 

required.  The individual responses will be compiled into an editable team document. 

 An additional reason for having the students provide comparative feedback to their teammates is to 

avoid problem situations near the end of the term where student contributions are identified as inadequate. 

At this point requests for differential grades are made when it is too late for corrective action or feedback 

to the affected student.   A process to identify concerns and provide timely peer feedback at evaluation 

opportunities coupled with an in class process for the team to resolve concerns and document the 

resolution is integral to the course.  Since it is required work, all students have had an opportunity to raise 

concerns and resolve them.   If unresolved there is a basis for further action and escalation. It becomes an 

automated tool for teams to manage performance, to gain experience in evaluating performance, deviation 

Individual 

Reflection and 

Input 

Support: 

Assembly of 

Data and 

Report 

Generation 

Individual Reflection and 

Automated Submission 

of Individual 

Contributions 

Team Reflection 

Discussion and 

Planning Process 

Team 

Generated 

Report Output   

Figure 9.2.  Team Behavior Assessment Process Overview 
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management, and planning.  Additionally it assists instructors to better manage grading and student 

complaints regarding individual performance during or near the end of the term.   

9.5. Summary 

Blended lectures are scalable and lend themselves to team teaching of larger classes with small group 

activities used for in class learning. In class activities require one instructor per ~30 students. A team 

instructional approach can provide a consistent student experience with an additional instructor joining 

the team for Winter 2016 and again for Winter 2017.  This strategy allows students access to a variety of 

perspectives and experiences. This in turn gives students an opportunity to develop intellectually. 

Individual pre-post course CEAB GAA skill based student self-evaluation surveys provide instructors 

with objective formative feedback with regard to which learning objectives have been achieved and which 

GA is perceived to be developed during the course.  The survey skills should be aligned with the course 

objectives.   

The metacognitive cycle of plan, monitor and reflect is a key element when attempting to design a 

course to develop the CEAB GAA performance objectives.  Professional knowledge and higher level 

cognitive skill development are transformed into self-regulated student behaviors as students are required 

to reflect on their own development and success (Zimmerman, 2011).   

Increasing metacognitive activities supports student development by requiring writing, self-

assessment and reflection to be a part of the education process.  By automating formative and team 

assessment and management tools, students obtain rapid relevant feedback, and instructors can intervene 

only when necessary. Fully automated tool development is an ongoing process.  The addition of formative 

assessment and support for students and instructors are high value strategies for effective learning.  As the 

class size grows these activities become prohibitive without automated support.  Ongoing constructive 

alignment with the CEAB graduate attributes is a critical part of student development and performance 

criteria success.   
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10. Addressing Student Development and CEAB Performance Success 
 

Consideration of how the undergraduate chemical engineering program supports student performance 

in the design course(s) and how the design course supports the CEAB Graduate Attribute development 

and performance assessment is ongoing.  Time constraints for capstone design and introductory design do 

not support significant review time of material from previous courses intended to develop knowledge, 

comprehension and application of those concepts.  Additionally, process design requires students to reach 

well beyond their first undergraduate knowledge courses in areas of investigation to discern complex 

process and design considerations.  Ability to break the problem into constituent steps, formulate 

potential solutions for each part, evaluate them and integrate the best solutions into a proposed system is 

required. Students must research new aspects and extensions of materials previously introduced.  As 

evidenced by grade performance some co-op and regular program students are prepared for this leap and 

others are overwhelmed.  The question now put forward is: Why? 

10.1. Cognition, Prerequisites and Capstone Design Objectives 

In the 1956 Taxonomy of Educational Objectives Handbook Bloom describes the initial transitions 

students move through from ability to acquire knowledge, ability comprehend and interpret knowledge 

and then progression to application of knowledge.  Application builds on the construction of cognitive 

abilities in knowledge acquisition and comprehension. Application is demonstrated by applying the 

appropriate abstraction without being told which abstraction is correct or how to use it in a new situation.  

Comprehension differs in that the student can use the abstraction where specified.  The ability to 

progressively master the range of cognitive domain tasks is dependent on student skill and ability as put 

forward in Figure 4.1.  Progression to higher level cognitive tasks requires intellectual development, 

learning activities and experiences. The rate of progress may be dependent on program design, pedagogy, 

student perspective and motivation.  A process analogy would be mixing of reactant components.   

Components can be added in a process where mixing is impeded and only single file diffusion occurs, the 

rate is slow; where mixing is slightly better and diffusion is the controlling process, the rate is slightly 

improved; where agitation is added, the rate is dependent on the speed and type of agitation.  Results are 

highly variable depending on how the reactor is designed, the process objectives, the reactants and the 

time and type of measurement used to control the process.   So it is with learning.  Results are highly 

variable depending on the educational process design, whether cognitive task matches intellectual 

development, and whether learning objectives and assessments are aligned. Student reflection on progress 

towards goals on a planned path with specified activities aids in metacognition and motivation.   
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Analysis, a more advanced cognitive level, “emphasizes the breakdown of the material into 

constituent parts and detection of relationship of the parts and of the way they are organized”. (Bloom, 

1956)  Figure 10.1 demonstrates this principle as it can be applied to transport phenomena.  It is clear that 

in order for analysis to occur students must comprehend the knowledge acquired in fluid mechanics, heat 

transfer, and mass transfer, be able to find relationships and determine underlying principles. Ability to 

discern when to apply abstraction is also required.  A sample of an analysis classification, by Dr. Kresta 

in 1998, for use as a tool for students to comprehend relationships is found in Appendix E. Students who 

have the ability to analyze knowledge, recognize relationships and underlying physical principles that 

govern the elements of their assembled knowledge are at a distinct advantage over those who are still in 

the process of forming these connections.  Tools that help students develop analysis skill provide 

necessary scaffolding to a successful design project by providing connection between areas of study.   

Design requires the ability to go from abstraction to concrete in an iterative manner applying convergent 

and divergent thinking models to synthesize and evaluate a solution to a complex problem. (Conklin, 

2007; Dorst, 2011; Moraes, 2015) Synthesis is defined in Bloom’s taxonomy as “putting together of 

Recognize 
Organizational 

Principles: 
 Molecular Motion  

Recognize 
Organizational 

Principles: 
 Molecular Motion  

Determine Relationships Among 
Elements: 

 Conduction, Convection, Diffusion, 
Drag 

Determine Relationships Among 
Elements: 

 Conduction, Convection, Diffusion, 
Drag 

Classify Element: 
Mass Transfer, Heat Transer,  

Momentum Transfer 

Classify Element: 
Mass Transfer, Heat Transer,  

Momentum Transfer 

Figure 10.1. Analysis cognitive task level applied to Transport Phenomena 

 



Application of Blended and Active Learning to Chemical Engineering Design Instruction 
Marnie V. Jamieson 

 

 

148 

elements and parts so as to form a whole.  This is a process of working with elements parts, etc., and 

combining them in such a way as to constitute a pattern or structure not clearly there before. In Synthesis 

a student must draw upon elements from many sources and put these together in a structure or pattern 

not clearly there before. (p.162)” ( Bloom 1956) In other words – design.  This may be novel or 

recombination of previous experience.   

The knowledge of how knowledge is related is a required input to conceptually designing a process 

system to achieve an end result, to design a component of the process to achieve an intermediate objective 

and to recognize interactions as component parts are linked together to effect the end objective.  To 

design novel processes the designer needs to understand the problem from different perspectives. Know 

possible, previously attempted, and working solutions; understand connections between product 

specifications, the process users, the product end market, the economic, safety, risk and environmental 

implications and the interactions between the process and the process equipment.  The designer works 

with the solution set in response to the evolving problem and constraints: testing solutions against many 

parameters using different types of thinking processes, considering how something might work or how it 

could work in addition to why it will not, progressively building and evaluating the solution. One of the 

objectives developed for the flipped version of the design course is for students to demonstrate both 

synthesis and evaluation levels of learning (Bloom’s Taxonomy) for engineering knowledge gained 

throughout the undergraduate curriculum by designing and developing solutions for complex open ended 

problems and critically evaluating those solutions with respect to their technical merits, economic, 

environmental and safety impacts on society.  Clearly, the expectation for students to design a process 

system at the conceptual level of detail requires the first four levels of learning described in Bloom’s 

taxonomy to be well underway if not completed for this objective to be met.  Students who typically 

obtain grades of A or A
+
 in this course demonstrate this synthesis creatively, yet within constraints and 

have evaluated their work with respect to several criteria including technical feasibility, economic and 

market possibilities, safety and risk management criteria, environmental regulations and stewardship and 

finally project execution criteria.  This evaluation is complex and can be overwhelming, especially for 

students who are unprepared for the cognitive task challenges of synthesis and evaluation.  It is the 

cornerstone of what constitutes the transition from student to engineer: Does my work meet the value 

constraints required by society for all criteria?  The evaluations and subsequent judgments will likely 

require adjustments to the design.  This requires the ability to be flexible in thinking even in the face of a 

heavy time investment in the project.  The professional ability to return to the design stage to make 
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adjustments and rework the synthesis is a skill not explicitly shown in the taxonomy but is discussed by 

Bloom:  

Although evaluation is placed in the last cognitive domain because it is regarded as requiring to 

some extent all other categories of behavior, it is not necessarily the last step in thinking or 

problem solving.  It is quite possible that the evaluative process will in some cases be the 

prelude to the acquisition of new knowledge, a new attempt at comprehension or application, 

or a new analysis or synthesis.  (p.185) (Bloom, 1956) 

 

The design courses are rich learning environments for students especially in the last two cognitive 

domains of synthesis and evaluation.  Most design students when asked about their learning in design will 

answer they learned a great deal, yet the performance of most design students is variable. To maximize 

student success, the program leading up to the capstone design experience requires extensive experience 

at all four lower cognitive levels and some experience at the top two.  The ability to move quickly and 

adeptly from one domain to another speeds the process of design as students are able to apply thinking 

techniques that broaden and narrow the solution field at appropriate times.  Students who have spent the 

majority of their time in the knowledge, comprehension and application cognitive levels are ill equipped 

for the challenge and creative aspects of design.  (Cussler, 2015) They are more likely to experience 

frustration as they attempt open-ended tasks. 

10.2. Design, Blended Learning and Accreditation 

The cooperative spirit in the Chemical Engineering Department at the University of Alberta has 

historically led to major collaborative breakthroughs in program and course development.  The 2004 

CEAB Accreditation and procedures outline the purpose of accreditation and how the criteria at that time 

were intended: 

2.1.1 The criteria are intended to identify those programs that develop an individual’s ability to use 

appropriate knowledge and information to convert, utilize and manage resources optimally through 

effective analysis, interpretation and decision-making. This ability is essential to the design process that 

characterizes the practice of engineering.  

2.1.2 The criteria are intended to provide a broad basis for identifying acceptable engineering 

programs, to prevent over-specialization in curricula, to provide sufficient freedom to accommodate 

innovative educational development, to allow adaptation to different regional factors and to permit the 

expression of the institution’s individual qualities and ideals.  

2.1.3 The criteria are intended to reflect the need for the engineer to be adaptive, creative, resourceful 

and responsive to changes in society, technology and career demands. 
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The criteria appear to be intended to identify and encourage programs that develop students in all areas 

of Bloom’s cognitive domains and the iterative nature of cognition in design. This ability is recognized as 

essential to the practice of engineering.  The criteria also allow for innovative educational development 

and seem to encourage instructors to model adaptive, creative, resourceful and responsive behaviors to 

students. 

Undergraduate program integration work has been supported and attempted in various topics such as 

reactors, distillation, separation and introductory design with varying degrees of success.  Curriculum 

planning with integrated course development can be a creative and resourceful way to prepare students to 

connect knowledge used for the design experience.   In addition, student’s ability to distinguish between 

types and levels of thinking processes enhance ability to convert, utilize and manage resources optimally 

through effective analysis, interpretation and decision-making.   

Prior student experience differentiating between individual, team, project and strategic thinking 

processes is an advantage.  An experienced designer approaches a problem already familiar with the 

overall structure of the design process and the iterative nature of design thinking.  An experienced 

designer expects to use convergent and divergent processes and knows that a solution, even an incorrect 

one, assists in complex problem understanding. A novice designer has a tendency to spend a lot of time 

exploring a complex problem not making progress on the solution.  (Conklin, 2007; Moraes, 2015) This 

can appear as procrastination. A solution is picked with the realization time is running out. The evaluation 

phase can be superficial as time and ability to change the solution is limited.  The student tries to follow a 

linear process possibly because they don't yet have confidence to move back and forth from problem to 

solution space or it has not been modelled for them.  Co-op program students benefit from working with 

experienced engineers and have a higher probability of being exposed to iterative problem solving in 

industrial placements. Generally, co-op students seem to be more comfortable with this process.  There is 

not always a clear or "right" answer but a range of possibilities that interact with boundary constraints.  

They may observe designers with some experience have different approaches, starting points and 

concerns because of varied individual background and experience. Different designers may visit the same 

issues while working through the problem however the sequence and emphasis may be different.  The 

ability to use and manage this process in a team is a critical engineering skill as identified by the CEAB. 

Earlier program exposure to design thinking and ambiguity in problem solving could be an important 

element in increasing the speed at which students make the transition through the stages of Perry’s schema 

to contextual relativism.  Developing course objectives related to all levels of Bloom’s taxonomy and 
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aligning assignments with course objectives in subject areas might be of value to increasing the rate of 

student development.  Teamwork including evaluative and reflective processes to complete assignments 

is of value and should be encouraged at all levels of the program.  Active learning and engagement can 

prepare students for the design experience by challenging their perspectives. Metacognitive processes 

support the development of many CEAB requirements.   

 

10.3. Flipping, Student: Instructor Ratio, Engagement and Discussion 

Pre blended pilot attempts to engage students during the lecture times in a classroom with between 

115 and 140 students were typically met with silence. Typically responses were minimal and involuntary, 

often solicited by calling on specific students. Some discussions were tentative. Students may have been 

concerned with giving the wrong answer or an answer that the instructor was not looking for. Whatever 

the reason, participation was limited and uncomfortable therefore discussion and accompanying learning 

from the peer group was minimal during the lecture time frame.  Many instructors have observed this in 

other traditional classroom situations. Active learning techniques such as think/pair/share were not 

employed in the large class situation until 2015.  In 2010 several changes in the structure of the design 

course were effected: mandatory weekly meetings with a specific instructor throughout the term, three 

instructors instead of two, and a shift from mentoring teams to managing teams. The shift from mentoring 

teams to managing teams was brought about by role changes, organizational changes and developing self-

management functions 

within the team such as 

schedule development, 

management, and 

reporting.  These 

changes resulted in a 

decrease in the 

variability of student 

results as measured by 

their final grade in the 

course and by the co-op 

vs. regular program 

GPA gap as shown in 

Figure 10.2 
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Also demonstrated is the recent trend to higher co-op average and less variation within the cohorts 

leading to increased grade segregation between the cohorts.  This trend may make engagement, active 

learning techniques and student instructor ratio more valuable as program pressures increase. 

Engagement and active learning techniques seem to prepare students for the challenges of the 

capstone design course.  These techniques are best supported with smaller class sizes (Cussler, 2015). 

However think/pair/share can be used in any size class with an electronic reporting mechanism such as 

Socratic classrooms.  Blended learning with active in class techniques supports this possibility with team 

teaching and break off groups (Michaelsen, 2002).  With these techniques student discussion and 

engagement was high. 

10.4. Instructional Considerations 

 Results suggest that there may be an optimal number of students per instructor.  Ratios above this 

optimal are typically more stressful for instructors and students as the same amount of available time is 

distributed between more students and typically more projects the instructor is required to be familiar 

with.  Things are more likely to slip through unnoticed longer and/or continue until the instructor notices 

late in the term leaving little time for correction.  Students contributing less or inadequately are more 

likely to pass through the system.  The optimal team size according to Bruffee’s review is five students 

and six works almost as well (Bean, 2011). Based on a team size of six students the number of projects 

and the number of instructors should be calculated to be about five to six teams per instructor.   

On the other side of the optima, more instructors are more likely to pick up on individual student 

contributions or concerns as they have more time to notice, more time to investigate and more time to ask 

questions about student activities and monitor student progress.  More students may get more help, but 

more flaws are also likely to be uncovered as more reports are double marked.  In additional too low of a 

student instructor ratio allows the instructor to become too familiar with the details and overly involved in 

the student project.  This, of course, is not the point of the design course.  The course should be designed 

for the students to have an experience in researching and developing a design and evaluating the project 

rather than assisting the instructor who gives them the path and the solution.  Both the linear and the 

second order correlation are weak suggesting that other factor influence student success.  Clearly the skill 

of the student is a significant factor in the grade achieved in the course.  The probability of getting a 

higher mark in the capstone design course is 2:1 for a co-op student; so clearly student skill, experience, 

contacts, and resources may contribute, as co-op students are more likely to have industrial experience 

and contacts.  Clearly regular program students may have these attributes because of their previous 

experience prior to engineering, summer work experience, or personal contacts.  Conversely co-op 
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students may miss placements prior to their capstone design course experience or may not have 

capitalized on the experience or developed the skills in other courses.  There is a range of grades for both 

regular program and co-op students in all years, however co-op students are more likely to perform better 

in the design course regardless of the student instructor ratio. 

10.5. CEAB and Program Considerations 

Changes and developments in the overall chemical engineering program and including introductory 

and capstone design courses must support the accreditation of the Faculty of Engineering and the 

Department of Chemical and Materials Engineering.  Failure to meet the expectations of the accreditation 

board will have consequences for students and staff and is clearly not an option.  The CEAB Graduate 

Attributes are summarized in Appendix D. 

Student intellectual development is progressive and required to accomplish the performance tasks set 

out by the CEAB graduate attributes and the capstone design course.  The performance of the criterion 

based tasks of the capstone design course require students to have developed cognitive skills at all levels 

of Bloom’s taxonomy.  An engineering program that can integrate student intellectual and cognitive 

development into the program design may be able to increase student performance in the capstone course 

and demonstrate enhanced graduate attribute development in the majority of students. The criterion for 

the capstone design course final report are performance based and do not change from year to year.   

Student development and learning can be enhanced by using metacognitive strategies, feedback, 

engagement and spaced vs. mass practice.  Including some of these strategies throughout the program 

increases the space of the practices and introduces students to skills required for meeting the performance 

criteria earlier in the program.  Some student suggestions for earlier courses have included technical 

reading, technical writing, and design problems.  Working in teams earlier and more frequently for goal 

oriented tasks could be advantageous in developing required skills for capstone design, such as 

collaborative learning, leadership, task planning and work strategies (Bean, 2011).   
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11. Conclusions and Recommendations 

11.1. Conclusions Related to Research Questions Posed 

The capstone design course teaching delivery model was switched from a primarily face-to-face lecture 

delivery format to a flipped and blended delivery format for the Winter 2015 academic term, as part of a 

two-year pilot project funded by the Provost’s Digital Learning Initiative. The project supported by The 

Centre for Teaching and Learning (CTL) and the Department of Chemical and Materials Engineering 

(CME).  

The key research conclusions of this work are: 

 The traditional lecture format and blended learning format led to equivalent outcomes for Design II 

students on an aggregate and individual basis.  Although some students may not have achieved high 

performance levels, all students achieved performance levels comparable to the recent traditional 

delivery course. Median achievement outcomes for the co-op and regular cohorts remained 

undifferentiated. 

 

 CEAB Graduate Attribute development is demonstrated from the pre - post course self-assessments 

based on the CEAB GAA skills associated with the capstone course.  This information provided 

excellent formative feedback to the instructional team as to what areas required further instructional 

development.   

 

 Student effort and the quality of the final reports are equivalent for blended learning students 

compared with the traditional learning cohort examined.   

 

 A blended learning structure using a flipped model produces equivalent academic performance and 

is within the expected process variation for course iterations from 2010 – 2014.   

 

 The co-op program is a predictor or factor for high student performance outcomes in Chemical 

Engineering Design II.  Co-op students are significantly more likely to achieve an A
+
 in both 

traditional and blended delivery modes. 

 

 The co-op program continues to be a predictor or factor for A
+
 student performance outcomes, over 

all, irrespective of course delivery mode.   

 

 Blended course delivery permits instructors to scale course material delivery as class size increases, 

while protecting aspects, such as individual and team meetings with instructors that are not scalable 

and which comprise a critical component of design education.  

 

 Support for course conversion and development of on line course elements require significant 

instructor time commitments in development and in follow up formative grading. 
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11.2  Reflections on the Continuous Improvement of Chemical Engineering 

Design Education 

Flipping and blending the capstone design course, for the Wi2015 term was the second step change 

in course delivery model, over the 2004 - 2015 study period. The first change, ahead of the Wi2010 term, 

included reducing the student to instructor ratio and going from a mentorship to an internship course 

model.  The 2010 change in teaching approach was largely grounded in providing early examples of 

reports, early feedback, team formation support, early scoping, research and formative reporting 

requirements. All interventions were aimed at students starting early and getting feedback early on their 

first of several iterations.  This first step change, led to significant positive impacts on learning outcomes 

for regular program cohorts. Impacts on the learning of the co-op cohorts were minimal. These changes 

were undertaken to provide additional support for regular cohorts. They had the intended effect but it is 

not possible to attribute the improved learning outcomes for the regular cohorts to one or the other change 

individually because they were made simultaneously. However, with these changes, the regular and co-op 

cohorts achieved comparable mean learning outcomes in the run up to the blended pilot (Wi2012 through 

Wi2014 course delivery).  The following are recommendations for continuous improvement practices: 

 Student and Instructor experience and satisfaction was variable during the pilot. It was an ambitious 

conversion project. The input from student and instructor feedback combined with performance 

results and student skill perceptions will inform continual course development and improvements, 

particularly ahead of the second iteration of the blended design course pilot project (Wi2016).  

 In the blended design classroom faster team start up and project launch was observed along with 

more software downloads, in class questions and teams being ahead of schedule early in the term.  

Instructor focus shifted from preparation and lecture to guiding and supporting student learning.  

LMS organization can be improved to enhance student satisfaction and reduce frustration.   

 Student engagement was much higher compared to past iterations of the course. Feedback from 

University of Alberta design students (2015) suggested the active learning done in groups of 12-18 

was the most effective.  Most in class activities were initially designed to use groups between 12 and 

30.  Better interactions were observed with the smaller groups and activities will be reworked 

to use smaller groups.  

 Various lengths of learning elements were experimented with.  More positive comments were 

received with shorter productions. Some new materials were added after instructors realized 

conversion of learning elements reduced the delivery time required. This was not always well 
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received by students.  Adding material because delivery time is compressed is not always helpful.  

Maintaining learning element length at approximately five minutes is recommended. 

 Flipping the course in a blended structure has the advantage of visibly incorporating the CEAB 

graduate attributes in a meaningful way into the curriculum and has further developed the internship 

model of learning. Student self-assessment of attribute related skills at the beginning and end of the 

course demonstrate a shift over the term to both student and instructor and cause both to reflect. 

Metacognitive aspects have been included or highlighted as learning activities are redeveloped 

to support the lifelong learning graduate attribute. 

 The automated self-assessment tool and the integrated team selection tool developed as part of this 

project were found to be particularly beneficial. The underlying code is being further developed for 

applications in other courses where teams self-select with constraints. These are found in numerous 

courses across all faculties and a general Moodle plug-in is being prepared. The pre-post self-

assessment tool is also being further developed so that individual students can observe their skill 

levels and changes in their skill levels in the context of their peers. With minimal custom coding, 

these tools could be easily applied to any course. 

 In the capstone design course, data collected in an automated manner demonstrate skill levels 

and changes in skill levels relative to the CEAB graduate attributes.  These data have a number 

of purposes and will inform continual improvement of the design course and courses that underlie it.  

Targeted examples for enhanced learning topics in Design I and/or Design II include:  

 a specific focus on control loop design;  

 error analysis, specifically identification of sources of uncertainty;  

 sustainability evaluation criteria, specifically Hazard identification, risk analysis, HAZOP 

and environmental metrics;  

 simulator usage, specifically the ability to model unit operations and using the simulator as a 

tool; 

 project management skills, specifically items related to team and work processes;  

 understanding educational needs and meeting them.   

The biggest surprises for the capstone design team were the weak areas of process control and 

simulator proficiency as the students perceived their skills.  The design of the in class and on line 

activities for HAZOP and risk assessment for the Wi2015 iteration did not produce the hoped for results 
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and the ability of students to evaluate the hazards, risks and environmental constraints of their projects 

was limited. Specific attention will be required to the development of learning elements for these topics, 

as the use of third party material was not as effective as previous traditionally delivered lectures.  

 The ability of students to identify their own educational needs to complete the project and their 

ability to meet those requirements by researching topics is addressed in the Wi2016 iteration by the 

seminar schedule including research and report preparation.  The sustainability and simulator weakness 

have been addressed to some extent in Design I as of Fa2015 and will continue to be topics in CH E 

435/465 with additional resources being allocated to appropriate learning development.     

11.3 Recommendations and Further Work 

 

Future work planned ahead of the Wi2016 iteration of the Blended pilot:   

 Team evaluation of individual contributions and assessment of how the team works together have 

been significantly developed since 2010.  For the flipped version of the course this process was 

conducted as the manual version.  For the 2016 course revision this process is being studied for 

automation with the objectives of reducing cognitive overload in the course and improving 

process effectiveness.  The data from both of these tools will be stored electronically allowing for 

data analysis and continuous improvement of the course based on student skill and experience 

profiles.   

 Increase feedback opportunities for students from multiple sources. Implementation of a Writing 

Across the Curriculum strategy or writing in the discipline strategy to further develop 

metacognitive skills and lifelong learning earlier in the program would be of value.   

 A Writing Across the Curriculum (WAC) joint seminar support initiative to assist students with 

metacognitive development, report writing, is in place for the Wi2016 term.  Evaluation of the 

success of this initiative from a performance and learning standpoint should be undertaken.   

 Student grading and the automation of grading some aspects of assignments is being investigated 

for future applications.  Consideration is being given to Automatic Essay Scoring and automatic 

document checking for completion marking. Both are for formative marking. 

 Implement automatic completion grading for meeting assignments, individual and team 

evaluations and reflections. Keep the metacognitive aspects of the assignments and increase 

student participation in reflection and peer review.   
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 Beyond the pilot course and as student enrolment continues to increase more design instructors 

are required for both the introductory and capstone design courses to provide a consistent and 

sequential program that targets the CEAB GAA performance criteria at the higher cognitive skill 

levels of analysis, synthesis, evaluation and creativity.   

 Six instructors are required for the 2016 Design II iteration and seven for 2019 as this most 

closely resembles the most successful scenarios and allows for continued creativity in applying 

new strategies to improve student performance. 

 Including design thinking and processes in earlier course work would be advantageous to 

students.  A first year design experience including writing about design thinking, failure and 

iteration would be ideal. This does not preclude integrating design sections and ideas in unit 

operation and knowledge based courses as a method of teaching.   

 Team and small group interactions for goal oriented smaller technical reporting projects earlier in 

the program would develop student team work skills when the stakes are lower.  
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1. Grading Procedure: Capstone Design Final Reports 
 

The grading procedure for the Capstone Design course evolved as instructor support for the course 

has increased and the student instructor ratio has decreased.  From 2004 – 2009 the reports were marked 

using similar criteria as from 2010 – 2015.  Jamieson, Pick and Shaw most recently revised the final 

report specifications prior to the 2014 offering of the course.  The same specifications were used for the 

2015 course offering.   

From 2010 to 2015 the instructor who met with the team on a regular basis was the first marker on all 

reports.  The second marker was determined by requirement and interest.  All markers were required to 

mark at least one additional report from each of the other instructor’s student project teams.  As other 

instructors chose reports the selection was reduced.  The result of this procedure was that with 5 

instructors managing 5-6 projects each, most instructors marked between 9 and 10 reports and most 

reports were double marked.  

After the design reports were marked the markers discussed all reports, including single marked 

reports.  Justifications for marks were discussed and disagreements were resolved. If disparities were not 

able to be resolved a third marker read the disputed report and adjudicated.  Most of the time report 

grades agreed within 5 marks on an 80 mark scale.  

The final report was worth 80 percent of the final mark for the course from 2004 – 2014.  For 2015 

the final report mark was scaled from a mark out of 80 to a course component of 75 percent.  Marking 

will continue out of 80 marks and be scaled to ensure that marking is consistent and comparable across 

cohorts for the final report.  From 2015 onwards students will have a 5 percent credit for portfolio 

assignments completed during the course.  These assignments were in addition to the regular milestone 

assignments that students in all cohorts were required to complete.   

The grading procedure is in compliance with the University of Alberta Grading Procedure: 

https://policiesonline.ualberta.ca/PoliciesProcedures/Procedures/Grading-Procedure.pdf.  As such there 

are no predetermined number of particular letter grades for any one term and student work is graded on a 

merit basis.  The number of particular grades varies from year to year, but the tendency for the overall 

class average to remain at ~ 3.3 is consistent over the study period.  The qualitative marking guide 

outlined below is provided to students at the start of term along with the marking rubric, final report 

specifications and requirements.   

https://policiesonline.ualberta.ca/PoliciesProcedures/Procedures/Grading-Procedure.pdf
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CH E 435/465 Final Report Marking Guide 
This guide is meant to be used as a qualitative guide and will be used in conjunction with the 

marking scheme and the final report specification to be found in the course outline.  This guide is 

meant to assist you with project planning and scheduling.  

For a team to get a mark of C- or greater there must be clear evidence that most of the 

required analyses for the course have been completed.  There may be errors and quality 

issues. (Satisfactory) 

 

Process Simulation and calculations for the reaction and or separation 

Validation of the simulation 

Material and Energy Balances  

Process Flow Diagram  

Size of Main Process lines 

Size of Equipment 

Utility Requirements 

Control Instruments  

Plot Plan 

Design Specification 

Detailed design for a piece of equipment 

PSV sizing 

P& ID for a selected piece of equipment 

HAZOP and Risk Assessment 

Economic Analysis (including discounted cash  flows, tax tables, sensitivity analysis, investment 

schedule and a plan for financing) 

Project Management and Schedule Analysis  

Project Execution strategy  

Environmental Requirements have been identified and addressed 

Legislative requirements have been identified and addressed 

Writing is adequate and documentation is adequate 

 

 

For a Team to get a mark of B- or greater all of the above are completed and are mostly 

correct.   In addition there must be clear evidence of most of the following in the report: 

(Good) 

Analyzing the problem 

 Creative thinking (brainstorming) 

 Research (peer reviewed literature or published books) 

 Decision-making 

 Design development 

 Design Analysis 

 REDESIGN PROCESS 

 Rationale exists 
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Team work with a minimum of conflict, team was motivated; team demonstrated research 

abilities and found mentors/guidance. 

Writing is mainly clear and Documentation is good 

 

In order for a team to get a mark greater than an A- all of the above criteria must be true 

and there must be more evidence of the following: 

(Excellent) 

Analyzing the problem - the solution and the report address the initial interest of the client or 

have taken it in a new direction because of the research that has been uncovered. Enrichment 

topics such as process control, heat exchanger network design, risk mitigation strategy, etc. must 

be clearly and correctly developed and add to the project.   

 

 Creative thinking (brainstorming) - unique, fresh, stands out in some way – synthesis is evident. 

 

 Research (peer reviewed literature or published books) - it is evident that research was 

undertaken in a serious manner and has been applied to the design, used to validate the models, 

etc.   

 

 Decision making that is carefully considered at an in depth level.  All the tools that were 

required to be used, such as economic analysis, sizing and costing, HAZOP and risk assessment 

were completed and considered in the selected solution.  Other tools that were not required may 

have been used.  A weighted system may have been used. Evaluation is evident. 

 

 Design development details were important, and the design is correct!  Minimal errors. 

 Design Analysis errors that were found were corrected and the Design is elegant, original 

thinking and synthesis is evident in the solution.  Many ideas were brought to together. 

 

 REDESIGN PROCESS demonstrated more than once and how the analysis affected the 

recommendations and conclusions is clear. 

 

 Rationale exists and is clear  

There is no digging required to understand all aspects of the solution.  If need be the appendices 

are clear and support the solution but the report is convincing on its own. 

 

Team worked very well together, mentors and guidance was used, a collaborative relationship 

was developed with the Industrial advisor.  Relationship with the faculty advisor was also 

collaborative. Team may have developed collaborative relationships with more than one 

instructor. 

 

Exposition and Documentation are excellent. 
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2. Conversion from the Nine Point Scale to the Four Point Scale 

The University of Alberta changed the grading scale for student marks September 1, 2003. All 

cohorts for the capstone design course from 2004 – 2015 are graded using the four-point scale for 

individual and class averages.  When investigating the second year program entrance marks for program 

selection biases the nine-point scale was encountered for grades earned previous to 2003.  This 

necessitated a conversion algorithm for comparison to post 2003 first year averages used to determine 

program selection for co-op and regular student cohorts.   

The University of Alberta Registrars Office provides some guidance in the matter: 

http://www.registrarsoffice.ualberta.ca/Assessment-and-Grading/Students/Grade-Comparison-Guide.aspx 

Table A2.1 is the comparison provided at the above link to assist in the interpretation of University of 

Alberta transcripts where a student has completed course work in the previous nine point grading system. 

Table A2.1.  Comparison between the University of Alberta’s Old and New grading Systems 

Nine Point Grade 
prior to September 2003 

Letter Grade 
effective September 2003 

Grade Point Value 
effective September 2003 

9 A+ 4.0 

9 A 4.0 

8 A- 3.7 

7 B+ 3.3 

 B 3.0 

6 B- 2.7 

 C+ 2.3 

5 C 2.0 

 C- 1.7 

4 D+ 1.3 

 D 1.0 

3 F 0.0 

2 F 0.0 

1 F 0.0 

 

An algorithm was developed to convert average grades for first year GPA data from 2000 – 2003 

academic year ends from the nine point scale to the four point scale.  As student data was provided on an 

anonymous basis for class aggregate and program comparison (Matthias, 2015), individual course 

conversions and weighting could not be applied.  Only the final weighted grade could be converted.   

http://www.registrarsoffice.ualberta.ca/Assessment-and-Grading/Students/Grade-Comparison-Guide.aspx
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Algorithm for grade conversion from 9.0 scale: 

9=>4.0 

8=>(ABS(8-GPA)*0.3)+3.7 =3.7 

7=>(ABS(7-GPA)*0.4)+3.3 =3.3 

6.5=>3.0 

6=>(ABS(6-GPA)*0.6)+2.7 =2.7 

5=>(ABS(5-GPA)*0.7)+2.0 =2.0 

5=>2.0 

4=>(ABS(4-GPA)*0.7)+1.3 =1.3 

3=>1.3-(ABS(4-GPA)*0.6)+0  

3.5=>1.0 

Reference: 

http://www.registrarsoffice.ualberta.ca/Assessment-and-Grading/Students/Grade-Comparison-

Guide.aspx  (Accessed May 2014) 

There was some discussion as to whether an A+ = 9.0 =4.0, an A = 8.0 = 4.0 and A- = 7.0 = 3.7 for 

Chemical Engineering grades over the period in question.  The decision was made to follow the 

Registrar’s guidance as outlined in Table A2.1.  Data discontinuities due to this conversion did not show 

as out of control points in the data analysis, but caution should be used for first year data for graduating 

classes with converted grades.   

The current grading system for the University of Alberta is explained at 

http://www.registrarsoffice.ualberta.ca/Assessment-and-Grading/Students/Grading-System-

Explained.aspx (September 2015).  The grading expectations for undergraduate students are different 

from graduate students.  Table A2.2 examines the four-point scale from a quality of work perspective for 

undergraduates.   

Access to previous final reports is provided as required by the University policy on access to 

evaluative materials:  https://policiesonline.ualberta.ca/PoliciesProcedures/Procedures/Access-to-

Evaluative-Course-Material-Procedure.pdf.  In accordance with student record privacy no evaluation or 

classification of the materials is provided.  Students must make their own assessment as to what 

constitutes a quality report based on the qualitative information provided and their access to 

representative samples of student work.   

 

http://www.registrarsoffice.ualberta.ca/Assessment-and-Grading/Students/Grade-Comparison-Guide.aspx
http://www.registrarsoffice.ualberta.ca/Assessment-and-Grading/Students/Grade-Comparison-Guide.aspx
http://www.registrarsoffice.ualberta.ca/Assessment-and-Grading/Students/Grading-System-Explained.aspx
http://www.registrarsoffice.ualberta.ca/Assessment-and-Grading/Students/Grading-System-Explained.aspx
https://policiesonline.ualberta.ca/PoliciesProcedures/Procedures/Access-to-Evaluative-Course-Material-Procedure.pdf
https://policiesonline.ualberta.ca/PoliciesProcedures/Procedures/Access-to-Evaluative-Course-Material-Procedure.pdf
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Table A2.2. Letter Grading System (effective September 1, 

2003) Course Grades Obtained by Undergraduate Students 

Descriptor Letter Grade Grade Point 

Value 

Excellent A+ 

A 

A- 

4.0 

4.0 

3.7 

Good B+ 

B 

B- 

3.3 

3.0 

2.7 

Satisfactory C+ 

C 

C- 

2.3 

2.0 

1.7 

Poor D+ 1.3 

Minimal Pass D 1.0 

Failure F 0.0 

 

The definition of excellent work is work that is distinguishable as outstanding and meets almost all if 

not all course objectives and final report specifications.  The definition of good work is work that meets 

the majority of course objectives and final report specifications.  The definition of satisfactory work is 

that is meets the majority of course objectives and final report specifications, but the work contains 

significant errors.  The definition of marginal work is that is marginally meets course requirements 

objectives with or without errors.   

Table A2.3.  Capstone Design Course Final Percentage Conversion to Letter Grade and Grade Point 

Value Percentage Letter Grade Grade Point Value 

95-100 A+ 4.0 

90-94 A 4.0 

85-89 A- 3.7 

80-84 B+ 3.3 

75-79 B 3.0 

70-74 B- 2.7 

65-69 C+ 2.3 

60-64 C 2.0 

55-59 C- 1.7 

50-54 D 1.0 

0-49 F 0.0 
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Appendix B:  Publications Resulting from Thesis Work 
 

B1 Chemical Engineering Case Study………………………..............……………………………….178 

Jamieson, M.V., Shaw, J.M., Nocente, N., (forthcoming).  A Case Study in Chemical Engineering.  In L. 

Santos Green, J. R. Banas, & R. Perkins (Eds.), The flipped college classroom: Conceptualized and re-

conceptualized. New York: Springer. 4 pages. 

 
B2 The University of Alberta Chemical Engineering Capstone Design Course Goes Flipped..............184 
 
Jamieson, M.V., Church, L.C., Vagi, F., Pick, W., Onuczko, T., Nocente, N., Shaw, J.M. (2015). The 

University of Alberta Design Course Goes Flipped! CEEA conference proceedings May 31-June 3, 2015, 

McMaster University.  Paper 093. http://library.queensu.ca/ojs/index.php/PCEEA/issue/view/544 

 

  

http://library.queensu.ca/ojs/index.php/PCEEA/issue/view/544
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3. Course Structure and Implementation: A Book Chapter Case Study 
A case study describing the instructional content, structure and implementation, and lessons learned 

during the CH E 435/465 Blended Learning pilot was developed for Part II of The Flipped College 

Classroom: Conceptualized and Re-conceptualized, edited by: Ross Perkins, Boise State University; Lucy 

Santos Green, Georgia Southern University; Jennifer R. Banas, Northeastern Illinois University. The June 

28, 2015 copy to the editors is included.  Less than 10% of proposed materials submitted for this 

book were accepted at this point. The format required brevity and is not expanded. 

3.1.Instructional Content 

1.1.1 Chemical Engineering Capstone Design Course Description 

 During this course, teams of 5 or 6 

students undertake engineering projects 

proposed by practicing professional 

engineers who also act as industry advisors. 

Each team must integrate chemical 

engineering practice, theory, and economics 

into a validated and sustainable design of a 

complex open-ended engineering capital 

project. Four co-instructors teach the course. 

Each instructor meets weekly with 6 to 8 

teams to mentor, monitor and evaluate their 

progress. Figure B1.1 illustrates the 

course model based on real life work 

structures.  

1.1.2 Place of Course in the Program of Study 

Students take this course during the final term of their undergraduate program, following completion 

of fundamental knowledge based courses and an introductory design course. 

1.1.3 Learning Goals of the Course 

The goals for students in this course include the ability to:  

 synthesize and apply engineering knowledge;  

 design and develop solutions for complex open-ended problems; 

 evaluate proposed solutions critically with respect to technical merit, economic criteria, 

environmental and safety risks and impacts on society; and 

Figure B1.1. Course model based on engineering design work  
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 engage in life-long learning, leadership, management, communication, planning, logistics, 

teamwork strategies, professionalism and accountability. 

1.1.4. Description of the Learners 

Entrance into the degree program requires an 85% average from high school. Approximately half of 

the students follow a regular 4-year undergraduate program (~30 % of whom are international students) 

and half follow a 5-year co-operative education program including 20 months of industrial experience. In 

addition to developing knowledge and skills in core chemical engineering subjects, some students have 

developed specialized knowledge in computer/process control, biomedical, or oil sands.  

1.1.5.  Rationale for Flipping 

The flipped approach was catalyzed by a desire to more effectively address student learning depth 

and heterogeneity, engagement, and to enhance student and instructor interaction quality.  Flipping 

increases in class time available for students/teams to interact with instructors formally and informally, 

and provides a strategy for accommodating expected enrolment increases while improving learning 

quality.   

1.1.6. Models and Theories Used to Guide the Flipping 

Experiential learning (Dewey, 1938) informed the development and implementation of in-class 

learning activities.  The team approach embodies social constructivist and collaborative learning theory 

(Laurillard, 2012; Vygotsky, 1978). Teams provide safe and constructive environments for articulation 

and evaluation of ideas, and for achieving consensus. Theories from Csikszentimihalyi (1990) and 

Vygotsky (1978) guided many pedagogical decisions related to online content where resources, 

advanced/remedial supplemental materials in audio, visual and print formats were used to scaffold the 

instruction. This strategy assisted students with lower level skills, and challenged students with higher 

level skills.  An effort was made to keep all students in the zone of proximal development. Concepts 

found in the ADDIE instructional design model, and the iterative Successive Approximation Model 

(Allen & Sites, 2012) were used for content development and for selecting materials to be delivered 

online or as in-class activities. Rapid prototypes were prepared, critiqued and modified prior to delivery. 

Students contributed to the evaluation of materials post delivery. Their evaluations are informing 

revisions for the second iteration of the course.  
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3.2. Structure and Implementation 

 

1.2.1. Structure of the Flipped Course  

Moving instruction online opened up time for in-class application of concepts and more time for the 

teams to meet and work together when all instructors were available for questions/discussion. The online 

learning elements accommodated the variable individual learning needs within and among teams.  Table 

B1.1 provides a comparison of the course before and after flipping. 

Students attend two four-hour sessions per week. Each session includes pre class online elements 

such as short videos starting with content students should be familiar with and then developing concepts 

further.  Active learning techniques are used in class to apply online elements to a formative assignment 

related to the design project.  Additional in-class time is used for group discussions, project work and 

formal team/ instructor meetings.  Post class elements were developed for application and extension of 

knowledge related to group projects.  We were careful to ensure that the total time students spent on the 

course did not exceed what was expected previously. 

1.2.2. Preparation of Learners 

Advice on how to succeed in a flipped classroom was provided.  The role and importance of pre 

class learning, participation in in-class activities and submission of active learning assignments was 

emphasized.  All assignment types, their requirements and deadlines were presented during the first class.  

1.2.3. Description of In and Out of Class Activities 

The design of this course paid specific attention to the integration of online and in-class components. 

It is important students see a strong relationship between the two. Online materials were organized under 

four major headings: Pre Tutorial, Tutorial, Post Tutorial, and Resources. Pre Tutorial materials provided 

Table B1.1.  Structural Comparison of the Course (hours per week) 

Previous Format Flipped Format 

No Pre Class Work Pre Class Work (~0.5h) 

Traditional Lecture (4h) Active Learning (2h) 

Weekly Team Meeting (0.5h) 

Independent Project Work (1.5h+2h) 

Weekly Team Meeting (0.5h) 

Independent Project Work (1.5 h+2h) 

Instructors Available for Consultation (2h) 

Outside class project time (8-16 h) Outside class project time (6-14 h) 
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the content background required for the in-class portion of the course.  Agendas and worksheets for class 

activities and Post tutorial online materials addressing stretch goals were also provided in the Learning 

Management System (LMS).  

The Heat Exchanger Network Design session exemplifies the approach taken: 

 Pre Class Work – Prior lecture material converted to three 5-minute videos was posted on the 

LMS as “Pre Tutorial”.  The first two videos covered energy integration concepts, method 

description, and a method example application solving “Above the Pinch”. The third video 

introduced the in-class activity.   

 Active Learning – The in-class time was used to solve a more complex version of the online 

design example.   A worksheet was prepared for learners to solve the “Below the Pinch” case. 

Teams worked on solving the problem and were required to report on the outcome by posting a 

solution to the LMS by the end of class. Concurrently class time was used for team meetings with 

instructors, and independent student/team learning.  The teams were also asked to apply their pre 

tutorial learning to their own project. 

 Post Class Time - Students were asked to determine energy integration potential for their 

projects and to report results in their final report. A fourth video describing energy integration 

incorporation into process simulation software was provided for enrichment.   

1.2.4. Tools Used to Support the Flipped Process 

Online materials were developed using PowerPoint for storyboarding, sequencing and animation, Garage 

Band for recording, Camtasia for assembly and postproduction editing.  Images were sourced from 

Shutterstock and instructor materials.  Forums, assignments, resources and links were presented and 

organized using the Moodle LMS. 

1.2.5. Differentiation of Instruction 

Differentiation of instruction was multifaceted. Online instructional materials provided students with 

flexibility in controlling the pace of content delivery while in-class activities provided students with just 

in time teaching.  Additional resources were added to the LMS and students were directed to resources 

specific to their needs. The students also facilitated differentiation of instruction as they provided peer 

support in the collaborative team structure. Instructors and industry advisors provided feedback.  



Application of Blended and Active Learning to Chemical Engineering Design Instruction 
Marnie V. Jamieson 

 

 

182 

1.2.6. Assessment of Student Learning 

Assessment was based on milestone assignments (20%) intended to progress students through their 

project, a portfolio grade (5 %) intended to encourage completion of in-class active learning assignments, 

and a final report grade (75%). In previous offerings of the course the portfolio was not required and the 

final report was weighted 80%.  

3.3.Lessons Learned 

1.3.1. The Instructor Experience 

We found short, focused, and well-scripted videos reduced time spent delivering content.  Content 

typically taught during a 50-minute lecture was covered in videos with a total duration of 15 minutes or 

less.  Additionally we learned written materials must accompany online videos in order to accommodate 

student study and review preferences. During the pilot, we didn’t always have written materials prepared 

and students missed them.  

Carefully crafted videos and related in-class activities take significantly more time to prepare, but 

with these now in place, future preparation time will be reduced.  In-class activities require innovative 

thinking, iteration, and adaptability to match the activity to the learning requirements and skills of 

students.  When the right mix is achieved the learning and the energy in the classroom is uplifting.  At 

times tasks were beyond some students’ skill levels. In the future, these activities will require more guided 

analysis/scaffolding.   

In-class interactions were enhanced and were valuable to learning. They also strengthened 

relationships among students and between students and instructors.  

The relationship between the online content, the related in-class activity and team projects must be 

explicit. It was worthwhile to review these connections at the beginning of each class.   

Automated on-line data gathering should be used whenever possible. Making better use of the LMS 

and online tools for student assignment creation provides digital data collection opportunities and 

facilitates the analysis of instruction effectiveness. Examples include the frequency and timing of 

materials use, pre and post course student skill assessments, monthly team self-evaluations, formative 

assignment and final project evaluations. These tools can be used to provide rapid feedback to 

students/teams on their progress and their needs. Automation also provides mineable data that is 

accessible for accreditation audits and research.  
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1.3.2. The Student Experience 

Students provided feedback throughout the course and participated in an online survey at the end of 

the course. Their reactions to the blended format were mixed. This was related to the transitional 

organization of content on the LMS as the course was redeveloped.  The volume of resources available 

and increased online instruction/direction made it difficult for some students to find what they needed 

when they needed it.  

Students were often prepared for tutorials and at times had already applied their learning to their 

projects ahead of class.  Although the final marks and team performance were comparable to previous 

cohorts, individual experiences were varied.  Student perception of their role and the instructors’ roles 

may account for some variability of experience.  The course redevelopment further shifted the 

responsibility and accountability for learning from the instructors to the students and some students 

resisted this shift.   
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Abstract –The Capstone Design Course instructional 

team was selected to participate in the digital learning 

initiative at the University of Alberta. The goals of this 

initiative are to increase student engagement and promote 

flexible, independent learning. The objectives of the 

instructional team were to enhance the interactions 

between instructors and student design teams in the face 

of increasing enrolment and to align the course 

strategically with attributes expected for graduating 

engineers set out by the University and elaborated in the 

Canadian Engineering Accreditation Board (CEAB) 

Guidelines. Existing course materials were redeveloped 

to an asynchronous online format for individual student 

engagement and related activities were completed in 

class. Course delivery effectiveness is being evaluated by 

comparison with previous cohorts, improvements in post 

course student self-assessment, student engagement and 

satisfaction, and will include post course interview and 

survey data.  This preliminary report focuses on elements 

of course design and preliminary findings. 

 

Keywords: CEAB Assessment, Digital Learning, 

Capstone Design, Course Design, Course Evaluation, 

Student Assessment, Student Engagement, Flipped 

Classroom, Problem Based Learning. 

 

 

1. INTRODUCTION 
 

1.1. Motivation 
 

The goals of the University of Alberta digital learning 

initiative (to promote flexible, independent learning and 

increase student engagement) were combined with the 

capstone design course instructional objectives (to 

enhance quality interactions between design instructors 

and student design teams). The Capstone Design Course 

in Chemical Engineering is a project course where 

approximately 25 teams of 5-6 students each complete a 

unique industry sponsored design project.  Students must 

research the project, identify and compare competing 

options using sustainable design criteria, develop a team 

structure, a project plan and schedule and then complete 

the design project.  The five capstone design instructors 

teach as a team in the same section.  

 

1.2. Literature Review 
 

The field of engineering requires ongoing development 

of new professionals and scholars through effective 

education programs. Students who wish to work as 

engineers acquire knowledge of fundamental concepts, 

gain skills required to apply knowledge to tasks, solve 

problems, construct and validate models, and evaluate 

data produced, whether in research, design or operations 

contexts [10, 15]. How best to prepare students and assist 

them to develop these skills is a complex issue involving 

consideration of curriculum, policy, accreditation, 

pedagogy, and institutional leadership [5, 9, 19].  The 

traditional lecture format, where instructors transfer their 

knowledge to largely passive students and which some 

suggest has not changed significantly in the last thousand 

years [4], continues to be the most widely used 

instructional approach in engineering education [10, 19], 

even though a growing body of education research 

indicates it is a less effective than active instructional 

approaches [10, 14, 15, 19]. A recent review of discipline 

based education research (DBER) related to science and 

engineering found that:  

... research-based instructional strategies are more 

effective than traditional lecture in  improving conceptual 

knowledge and attitudes about learning. Effective 

instruction involves a range of approaches, including 

making lectures more interactive, having students work in 

groups, and incorporating authentic problems and 

activities [5, 15]. 

Why then, given the evidence that active learning 

methods are more effective, is the lecture format so 

common? A number of factors may serve as barriers to 

the implementation of active learning approaches [2, 10], 
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one being “the persistent myth that all active learning 

methods require more faculty time than lecturing" [19]. 

While active learning approaches may require additional 

development time initially, effectively designed courses 

can ensure coverage of content as well as opportunities 

for active learning without significantly more faculty time 

[8]. This is the primary benefit of the flipped classroom.  

 

1.3. Problem Definition 
 

Previously, in the Chemical Engineering Capstone 

design course, lecture-format tutorials were provided in 

two-hour blocks twice weekly to support student learning 

and successful project completion. Thirty-minute team 

meetings with individual instructors, and open format 

question and work periods followed. The planned increase 

in enrolment from 125 students this year to 170 students 

next year requires more teams and this restricts the time 

for individual questions and meetings with instructors 

unless the instruction time is reduced. 

 

1.4. Solutions Considered 
 

A new course structure was developed using flipped 

classroom ideas and principles alongside technology 

advances in course delivery. Pre-class materials now 

typically comprise a brief video, a short reading, and a 

formative assignment to prepare students for in class 

interactive activities that apply online materials. Students 

submit brief reports based on in class activities at the end 

of class. Post-class students apply their learning to their 

open-ended design projects. Infeasible alternate solutions 

required additional in class time or additional instructors.  

 

1.5. Flipped Classrooms and Engineering 
 

Flipped classrooms, also called blended or inverted 

learning environments, change the way instructors and 

students work together. A key aspect of the flipped 

approach is the integration of face-to-face and online 

(individual) learning with the aim of enhancing the 

classroom experience with active learning [20]. For many 

instructors, a flipped approach means providing students 

with access to videos, readings, or other instructional 

material that enable students to learn concepts 

asynchronously prior to coming to class. Class time then 

becomes available for active learning which may include 

projects, collaborative work, problem based learning, or 

other activities [8, 10].  As such, a key feature of flipped 

learning is a shift from teacher-centered lectures to 

student-centered instruction [20]. Flipped approaches may 

also influence student engagement [6, 7, 19]. 

Flipped classroom approaches have the potential to 

enhance the quality of engineering education by providing 

opportunities for instructors to implement active learning 

strategies during class time.  Currently, there is a limited 

body of research that has investigated flipped approaches 

within the context of engineering courses; however there 

is evidence for the benefits of active learning approaches 

in engineering education [14, 17]. Where flipped or 

blended classes have been implemented in undergraduate 

engineering programs, there is evidence that student 

satisfaction is greater and that levels of class attendance, 

motivation, and collaboration among students is higher 

than in traditional lecture format courses [12].  Student 

engagement is widely acknowledged as being important 

to their post-secondary success [1] and development of 

conceptual understanding [11]. In addition, the connection 

between student engagement and active learning is well 

supported in the literature  [10, 15]. The impact of the 

implementation of a flipped classroom approach and 

active learning strategies on student engagement is a 

principal thread in the current study. Csikszentmihalyi's 

concept of flow [3, 16], wherein an individual is engaged 

when: they are intensely focused on their current activity, 

feel intrinsically rewarded and in-control, feel that the 

task is neither too difficult nor too easy, and may lose 

track of time (experience temporal distortion), underlies 

our work. His concept is illustrated in Figure 1. 

 

2. STUDENT ENGAGEMENT 
 

2.1. Challenge vs Skill:  Moving to the Flow Zone 
 

The Chemical Engineering design course is based on 

independent learning in an interactive team environment.  

Students collaborate to develop a team structure, a project 

scope and plan. A process was developed to guide 

students through individual preparation, contribution of 

work and ideas, team evaluation and integration of 

contributions, product production, tracking and reflection.  

In our experience, providing scaffolding and feedback for 

the learning experience is a critical part of the success of a 

project based course that relies on individual and team 

contributions [6, 7]. The capstone design course provides 

a challenging open-ended project that is supported by an 

instructor and an industry sponsor, both providing 

feedback and advice.  Tutorials in the capstone course are 

designed to address skill gaps for students as they work 

on their design project.  They provide an opportunity for 

students to direct their own learning, to develop their 

skills, to contribute to their team, and to complete their 

design projects successfully. Students with lower skill 

levels may experience anxiety or stimulation as they 

attempt to complete their project, as shown in Figure 1.  

The teaching in the capstone design course is intended to 

reduce student anxiety and to support skill development.  

The teaching (in the form of online instructional and 

reference materials) is available when students need it 

even if the instructor is not.  Students, who have already 

developed skills, can challenge in class activities ahead of 

schedule.   Students may approach the flow region from 
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the motivational perspective.  They have the skills and 

they have been presented with the challenge.  The need to 

address a broad range of entry skill levels is typical for 

capstone design student cohorts because students from all 

programs including co-op, and traditional streams, with 

differing specialties and experiences are taught jointly. 

 

2.2. Tutorial Structure and Content 
 

The new teaching format is designed to enhance student 

engagement by converting existing lecture materials into 

brief videos students watch prior to class.  Table 1 

compares the previous lecture and the current flipped 

format. Pre-class materials introduce a topic and link it to 

project requirements. The teaching objective is to connect 

with all students regardless of entry skill level and to 

develop the skills rapidly to a higher level using a shared 

experiential approach.  Typically videos are limited to 5-6 

minutes as they are “information dense”.  A one-hour 

lecture can often be compressed to fifteen minutes of 

video presentation. However, students need time to reflect 

in between [8] and two or three shorter videos are easier 

to review.  A tutorial topic is further developed in class 

with an activity to apply the pre-class material. Student 

discussions within teams and in larger groups are built 

into in-class activities, as are opportunities for students to 

share their findings with the class and leverage learning.  

There is a brief assignment, usually a report on the 

results of the activity that is due at the end of class.  

Students are given an opportunity to apply the teaching in 

class. Instructors are available to answer questions and to 

help if required. The in-class assignments are typically 

relevant to all design project requirements. Post tutorial 

learning elements extend the in class learning and link 

further skill and knowledge development to individual 

design project and final report requirements.  

Post-class, individual students and design teams apply 

their learning to their design projects. For example, the 

topic “Team Formation and Team Management” includes 

short readings, a self-assessment and a video prior to 

class. In class, case studies describing poorly performing 

teams are discussed and evaluated, and outcomes 

presented to the class as a whole by groups of teams. 

Following the class, each design team prepares a charter 

outlining their team structure, their expectations of one 

another and their performance deviation management 

plan.  

Tutorial content was developed based on existing 

course objectives that are correlated to the Canadian 

Engineering Accreditation Board Graduate Attributes 

Assessment (CEAB GAA).  Tutorials provide a review 

and further development of key areas related to Chemical 

Engineering fundamental knowledge, and its application 

in the design process.  In addition, an overall course plan 

was created and learning objectives were developed for 

individual tutorials. An integrated instruction strategy 

with the introductory design course was also developed.  
 

 
Fig. 1. Flow Diagram Adapted from Csikszentmihalyi 

(1990) 
 

    Table 1: Tutorial Structure 

 

 

3. EVALUATION METHODS 
 

     Previously, student teams self-assessed, and were 

assessed by instructors based on their performance ahead 

of and during meetings that linked interim deadlines for 

producing a planning document for their course work, a 

mass and energy balance for their process, a final 

presentation of their findings, as well as a final report.  

The final report comprised 80% of the course mark and 

was summative in nature.   

To provide ongoing feedback and opportunities for 

students to develop their skills, enhanced self-assessment 

and formative assessment tools were included as part of 

the course redesign.  A CEAB based skills and attributes 

self-assessment tool was developed to determine how 

students viewed themselves prior to and following the 

course. Data collection was automated and students made 

use of the pre-course assessments to select teams.  

Formative assignments related to tutorial topics and final 

report requirements were also added.  The project 

Previous Format Flipped Format 

No pre class work Pre class work (~0.5h) 

Traditional Lecture (2h) Active Learning (1h) 

Weekly Team Meeting (0.5h) 

Project Time (1.5h+2h) 

Weekly Team Meeting (0.5h) 

Project Time (2.5h+3h) 
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planning and the final reports continue to be summative 

assessments and comprise 80 % of the course mark. 

 

3.1. Individual and Team Assessment  
 

     To assess the scope and quality of the contributions of 

individuals to team performance, and team performance 

as a whole, two formative assignments are repeated 

during each of the four phases of the course: researching 

and developing a client proposal; engineering analysis 

and design; project analysis; and on completion.  

     Team evaluation forms were developed for students to 

rate themselves and team members individually based on 

the quality and quantity of their contributions to the work 

done at each phase. At a team meeting, students compare 

and discuss individual results then prepare and submit a 

rating table that includes both self and average team 

assessed ratings for individual students. All team 

members sign the submitted copy of the ratings table. The 

discussion of this evaluation is private to the team. 

     After considering individual behaviors, students are 

then asked to reflect on team, technical and project 

logistics performance and to rank their team according to 

criteria in a reflection tool based on group dynamics, 

adapted from Newell et al. [13]. Behaviors observed in 

design teams and correlated with capstone project grades 

are described.  Student teams are asked to comment on 

the ongoing development of their team skills relative to 

this rubric and to submit an account of their observations 

and plans for improvement at each major project 

milestone.  

 

3.2. Individual Self-Assessment  
 

      Just prior to the course, individual students self-assess 

their skills and abilities using the online CEAB GAA tool.  

Students are able to assemble a team and view their team 

composite skill and attribute data prior to finalizing their 

team selection.  The goal is to assemble a balanced team. 

The self-selected teams are accountable for ensuring they 

have the skills required, for establishing an agreed upon 

team structure, team values, performance and work 

quality norms.  Students repeat the individual CEAB skill 

self-assessment at the end of the course. The composite 

data is used for course effectiveness evaluation.  
Examples are provided in the Results section.  

 

3.3. Formative Assessment 
 

All milestone and portfolio assessments are formative.  

The students are marked on completion of the 

requirements.  The marking scheme is based on 

completion and on-time criteria as outlined in Table 2.   
 
 
 

Table 2:  Formative Assignment Structure 

 

3.4. Assignment Retention for CEAB Evaluation  
 

All assignment related materials and supporting 

documents are accessed online, and all assignments are 

submitted online by each team within a Moodle learning 

management system. The course is stored by cohort and 

all information can be retrieved electronically including 

examples of students’ work.  The use of online materials 

and student progress are both tracked and all the 

information is retained and accessible following the 

course. As course work is graded by team, the 

development of a team and their project can be reviewed 

along with the materials the team accessed, their in class 

participation, and project milestone progress including 

individual student contributions and time sheets. The 

ready availability of detailed data sets for individual 

teams, linked to grades and CEAB attributes is expected 

to facilitate the next CEAB review, scheduled for 2017. 

 

3.5. Data Gathering Methods 
 

Data were gathered during the course for the purpose 

of evaluating the effectiveness of instructional methods 

and student engagement. Student access of online material 

was tracked and collected. Individual student timesheets 

and contributions to their team project were tracked using 

weekly reports. All students were asked for course 

feedback on a regular basis.  Effectiveness is being 

evaluated by comparing performance with previous 

cohorts, improvements in post course student self-

assessment, student engagement and satisfaction surveys.   

 

3.6. Online Access Monitoring 
 

 Individual access to online materials was recorded on 

e-class and reported by team.  Students submitted one 

assignment per team. Time of assignment submission was 

automatically recorded.  This particular feature was in 

place for the previous cohort. 

Heat maps (Figure 2) were developed to visualize 

resource usage by teams.  In this example, the frequently 

accessed items are the pre tutorial videos (bottom four 

rows), samples (top yellow band), materials for in-class 

activities and assignments (mid yellow band). Resource 

materials and alternate delivery modalities (previous 

Milestone Assignments Portfolio Assignments 

Based on product delivery 

Project based 

Phase completion 

Based on developing 

Tutorial based 

Starting point for project 

Marking:  complete, on time, 

received by sponsor 

Marking:  complete, on time, 

thoughtful, reflect activity 
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lecture notes - top purple) were accessed less frequently - 

if at all. 

 

   
Fig. 2. Tutorial 2 Heat Map of Online Material Access 

 

   Frequency distributions were used to determine how 

often on-line materials were accessed and when in 

relation to the relevant tutorial.  Certain materials were 

accessed on an ongoing basis as students were developing 

their own work and pre tutorial materials were typically 

accessed prior to class. Figure 3 provides the frequency 

and timing of student access to an example interim report. 

Access by each team, tracked by colour, is spread over a 

two-week period. By contrast, pre-class video access 

frequency charts show a dense cluster of points twenty 

four to thirty hours prior class. 

 

3.7. Instructor Observations  
 

The instructors and the teaching assistant (TA) were 

asked to make notes after tutorials regarding observations 

on student engagement, learning, quantity and quality of 

questions students asked, and changes from the previous 

cohort to the pilot cohort.   Observations were made 

regarding when students submitted assignments relative to 

due dates, assignment completeness and quality.   
 

 

      
Fig. 3. Frequency and Timing of Student Access 

 

3.8. Student Feedback 

 

Student feedback on the course was collected in the 

form of surveys after the first month of the course, after a 

specific new tutorial and at the end of the course. The 

intermediate feedback surveys were based on students’ 

perceptions of whether or not the course objectives were 

being met and whether the learning objectives for a 

specific tutorial were being met. 

 

4. RESULTS 
 

Results at the time of writing are preliminary and are 

based on observations during the term, resource access 

frequencies, preliminary comparative CEAB GAA 

results, and preliminary student feedback.  A complete 

data analysis and course evaluation is in progress. We 

plan to use access data, student feedback and final report 

results to improve course organization and delivery.  

Initial findings of the student access of online resources is 

promising and methods to gather data on individual and 

team access, timing and frequency of access are providing 

a promising framework for automating data collection, the 

collection of student example work, and formative 

assessments in the capstone course. 

    

4.1. CEAB Self-Assessment of Skills 
 

The before and after comparison of student self-

assessment of CEAB GAA data is in progress. At the time 

of writing 30% of the class (more than 40 students) has 

completed the post-course assessment.   Figure 4 shows 

students’ views of their pre and post course ability to 

design a process system.  Figure 5 shows the progress the 

students’ views of their ability to develop competence. 

The development of skills for lifelong learning is a critical 

aspect of an engineering education and a core goal for the 

CEAB GAA.   

 

4.2. Course Effectiveness Evaluation 
 

     Observations and data indicate some teams watched 

the videos together, some individually and some skipped 

them altogether.  All teams attended all class activities 

and handed in assignments.  The course effectiveness is 

not being evaluated on whether or not students were able 

to check off all activities as complete but rather that 

students accessed materials necessary for their individual 

development and project completion. Ongoing evaluation 

will address the issue of ensuring that online materials 

address student learning modalities and enhance student 

skills required to develop and complete a team based 

capstone design project.  One change being considered is 

to remove resources from the main block in Moodle to a 

separate Resource section.  Highlighting key items was 

requested by students.  

Instructor notes are invaluable in the improvement 

process. All instructors reported increased student 

engagement and interaction in class and in the weekly 

meetings.  The depth of the questions students asked had 

increased as the level of engagement increased.   

 

 

 

In Class Dates  

Tutorial 2  
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Fig. 4. Ability to Design a Process System 

 
 

 
Fig 5.   Ability to Develop Competence 

 

5. CONCLUSIONS 
 

The ability to improve course effectiveness based on 

student feedback and project quality is enhanced by 

understanding student use of resources and engagement. 

  Addressing the variation of incoming student skill 

levels by asynchronous online instruction techniques 

improves the overall experience for students and 

instructors in the course.   

Automated tracking and consolidation of data 

facilitates preparation for CEAB and other reviews and 

undergraduate curriculum development more broadly. 
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Appendix C:  Design Course Historical Documents 
 
Documents Supporting the Design Course History 
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referenced as personal communication.  History was reviewed with interview subjects/contributors for 

accuracy prior to publication.  Thank you to all for their generous contribution of time and information. 
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1. University of Alberta Faculty of Engineering Calendar 1955-56 
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Fourth year project course options:  research, design or unit process in chemistry. 
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Course Descriptions including number 84: Design Course.  Courtesy Dr. Alan Mather. 
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2. Process Analysis (Dr. Reginald Wood) 

 

PROCESS ANALYSIS 

                                  Dr. Reg Wood, May 26, 2015 

      In my view the impact and importance of a thorough understanding of the 

fundamental concepts of performing material and energy balances cannot be 

overstated for success as a student or as a practicing process engineer.    

The role that material and energy balances play in the field of process 

engineering is analogous to the role of the foundations for any structure be it a 

residential property or a commercial structure.  If the engineering design of the 

foundation is not correct, it is a given that this will result in problems for other 

components of the structure. The application of the conservation of mass and 

energy forms the foundation for all subsequent design of any process system.  The 

correct application of conservation equations provides the foundation for all 

subsequent design calculations involving thermodynamics, the transport 

processes of momentum, heat and mass transfer and the design of chemical 

reactors.  

An outstanding example of the role that the understanding of fundamental 

concepts applies in process analysis is exemplified by an end of term exercise. 

This involves an open class discussion of the information that needed to be 

included in a “formula sheet “ (also known as a “cheat sheet”) to be provided 

with the final examination.  As students suggested items that needed to be 

provided, items were listed on a draft formula sheet.  As expected there was 

unanimous agreement that conversion factors, gas constants and relevant 

thermodynamic data values needed to be included.  As the various other items 

were considered, items such as the ideal gas law, Newton’s second law, etc. 

were removed since these expressions had been used so frequently no formula 

was required. As a result of this exercise the list of other suggested items did 

not even fill a single 8 ½ by 11 sheet!   By the end of the course students had 

realized that the challenge was to formulate the appropriate balance equations 

by applying fundamental 	
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concepts from the introductory chemistry and physics courses and that 

memorization would not be a factor in success on the final examination.   

Teaching Experience 

       After teaching a similar course  (Industrial Chemical Engineering) while on 

staff at the University of Ottawa from 1963-1966, when I joined the 

Department of Chemical and Petroleum Engineering in 1966, one of my 

course assignments for the 1966-67 academic year was  CH E 365- “Industrial 

Stoichiometry” (This course renamed with title of “Process Analysis”).  Over 

my career at the University of Alberta, I taught the Department’s  Process 

Analysis  course CH E 265 (noe CME265) from the 1981-82 academic year 

through to my retirement as of June 30, 1997 except for  the 1987-88 and 

1992-1993 academic years. 

       A key feature of the Process Analysis course, when I taught the course 

was the two hour per week problem seminar period. The weekly 

assignment sheets were distributed at the start of the seminar period and 

then the students were Involved in an interactive “problem solving activity”. 

Students were given a few minutes to review the problem and as 

experience was gained to develop a simple process schematic diagram and 

apply the information given in the problem statement. Students were then 

challenged to  identify the critical information not  given in the problem that 

needed to be calculated to perform the necessary material balance 

calculations.  In the later part of the course the complexity of the problems 

increased with problem solution by application of the conservation of energy 

principle and finally the increased complexity of problems requiring the 

solution of coupled material and energy balance equations. 
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3. Dow Chemical’s Participation in the Stollery Executive in Residence 

Program at the University of Alberta (William C.S. Pick) 
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4. Stollery Executive in Residence (August 1991) 
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5. Team Play (S. Kresta) 

  

Suzanne Kresta, updated February 2007 

ChE 464: Team Play and Project Planning 

 

Powerful team play is the topic most discussed among young professionals, mid-career professionals, 

and old professionals.  It is not easy, but at its best it is the best part of the job.  How can we build 

powerful, high performance teams?  We need strong leadership and team play. 

1. Begin with the end in mind.  The team must have a clearly stated goal.  They must agree on this 

goal, and remain focussed on the goal. 

2. Teams are made up of imperfect human beings.  Play to the strengths of your partners, and cover off 

their weaknesses. 

3. Check your personal issues at the door.  DO bring a sense of humor, enthusiasm for the project, and 

commitment to your team members as human beings.  Great teams remember to play together as 

well as working hard together. 

4. Figure out what you’re good at – and do it. 

5. Give a generous and committed listening to others.  Committed listening requires that we fully 

understand, and probe both the strengths and weaknesses of any approach.  Do not let your partners 

off the hook.  Many engineers are mathematical rather than verbal, so patience and persistence in 

verbal communication is important. 

6. Share your own ideas, understanding, and insights generously and courageously.  Let your ideas 

(and questions) shine out:  you have a responsibility to your group to engage with them in grappling 

with the problem. 

7. Divide and conquer.  Plan your work, and work your plan. 

8. Identify WHO is to do WHAT by WHEN.  Write this down.  Meet your deadlines and hold others to 

theirs.  This step in accountability is a core skill for effective team work, and completing projects on 

time.  Expectations must be clear, and stated.  This is particularly important for new teams as people 

sort out eachother’s strengths and weaknesses.  …see #10. 

9. Everyone gets stuck.  When you get stuck, get help.  Not next week, but tomorrow.  The problem 

will not go away, but it will shrink into proportion with a friend.  I repeat, do not stay mired in stuck.  

Get help.  If a teammate gets stuck, move resources into position to support them. 

10. Have regular meetings.  Note that meetings are not for doing tasks; they are for discussing difficult 

issues, for following up on progress of work, and for planning the next stage.  It is helpful to have an 

agenda, a chair (or leader), a recorder, a proponent and a devil’s advocate (critic).  These roles tend 

to be very loosely defined in small, high functioning teams. 

11. Begin with the end in mind.  Standing in success, look back.  What had to be done by when to get to 

the end?  Where were the critical decision points?  What are the critical tasks?  What is the 

timeline? 

Leadership is empowerment with vision.  Strategic leadership will accept nothing less than a spectacular 

victory for the team. 
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6. Biographies of Interviewees 
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Source: FEGRS 2014 Panel Discussion Biographies  http://www.eng-

symposium.ualberta.ca/2014/index.php?option=com_content&view=article&id=7&Itemid=21 

 

Frank Vagi has been a sessional Capstone Design Instructor since 2012. 

 

 

http://www.eng-symposium.ualberta.ca/2014/index.php?option=com_content&view=article&id=7&Itemid=21
http://www.eng-symposium.ualberta.ca/2014/index.php?option=com_content&view=article&id=7&Itemid=21
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Source: Petroleum History Society -  Glenbow Museum Collection 

https://www.glenbow.org/collections/search/findingAids/archhtm/extras/oilsands/Otto_Fred.pdf 

  

https://www.glenbow.org/collections/search/findingAids/archhtm/extras/oilsands/Otto_Fred.pdf
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Appendix D:  Design Course Objectives and Graduate Attributes 
 

 
D1 Capstone Design Course Objectives (Winter 2015 version).................................................211 

D2 Blooms Taxonomy.................................................................................................................214 

D3 CEAB Graduate Attributes....................................................................................................214 
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1. Ch E 435/465 Course Objectives 2015 
The global objectives of this course are for students to: 

 Integrate, apply, and analyze the technical knowledge obtained in all preceding core and elective 

engineering courses.  ( 1, 2)* 

 Demonstrate both synthesis and evaluation levels of learning
**

 for engineering knowledge gained 

throughout the undergraduate curriculum by designing and developing solutions for complex 

open ended problems and critically evaluating those solutions with respect to their technical 

merits, economic, environmental and safety impacts on society. ( 3, 4, 5, 9)
*
 

 Inculcate life-long learning and team work strategies through completion of self-directed group 

projects. (6, 12)
*
 

 Develop and demonstrate team, planning, logistics, leadership, deviation management and 

communication skills. Demonstrate professionalism and accountability. ( 7, 8, 10, 11)
*
 

These objectives are achieved by: 
 Students working in teams to complete design feasibility studies for established or experimental 

industrial processes over a twelve-week period. 

 Students selecting team members, establishing team norms and a team charter; planning and 

managing their work, schedules, and consulting broadly. 

 Students taking on leadership roles and being accountable within the team for various activities. 

 Mandatory intermediate reporting requirements prior to submission of the design feasibility 

studies. The purpose of intermediate reporting is to incorporate feedback at technical, team and 

logistical levels and meet milestone requirements. 

 Mandatory portfolio activities required for this class.  The purpose of portfolio assignments is to 

give students a safe place to try out their ideas, develop their skills, and get feedback from peers, 

faculty and industry partners.  
* 
see reference material – Canadian Engineering Accreditation Board Graduate Attributes 

**
see reference material – Bloom’s Taxonomy 

On completion of CHE 435/465, students will have synthesized prior course knowledge to produce a 

process design, assessed the technical feasibility of process elements, evaluated competing process 

elements critically and assessed the economic, safety, risk, and regulatory issues related to capital 

projects. More specifically, students will have completed work in the following areas (Applicable CEAB 

Graduate Attribute(s) follow(s) in brackets): 

1. Project and Team Management (6, 8, 10, 11)
*
 

 Ongoing group and self assessment 

 Develop team charter and deviation management plan 

 Project schedule development and stewardship 

 Resource the project appropriately 

 Develop deviation management for technical, schedule and project issues 

  

2. Data Acquisition and Evaluation (1, 2, 3, 9, 12)
*
 

 Scope definition 

 Focused literature search 

 Decision analysis – including criteria development 

 Situation report – summarizing results of data acquisition, development, and evaluation 

 Integrate feedback and apply simple risk assessment techniques 

  

3. Process Flow Sheet Development and Simulation (4, 5, 6, 7, 8, 9, 10, 11, 12)
*
 

 Synthesis of flow sheets for specific processes 

 Apply process simulation tools to create mass and energy balances, and process flow diagrams 

 Evaluate hazards, safety, and environmental risk as process is developed 
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 Integrate feedback into design 

  

4. Process Equipment Selection and Specification (4, 5, 6, 7, 8, 9, 10, 11, 12)
*
 

 Apply theoretical knowledge to practical problems of designing and specifying equipment 

 Evaluate equipment options based on process requirements and constraints 

 Select and size process equipment 

 Select and specify materials of construction 

 Develop a detailed design for a heat exchanger in the design 

 Specify vessel wall thickness, vessel mass 

 Apply standard techniques for support and auxiliary structures 

  

5. Regulatory and Standards Issues (4, 5, 6, 7, 8, 9, 10, 11, 12)
*
 

 Design process layouts which reflect an appreciation for relevant fire and explosion codes, and 

standards for access and insurability 

 Address relevant health, safety, and environmental standards and regulations in the design and 

project execution strategy /schedule proposed 

  

6. Hazard and Operability Analysis/ Risk Assessment Techniques (4, 5, 6, 7, 8, 9, 10, 11, 

12)
*
 
 Develop a P&ID for a single piece of equipment 

 Apply HAZOP analysis techniques to a single element of the design 

  

7. Capital Cost Estimation (2, 5, 6, 7, 8, 9, 10, 11, 12)
*
 

 Develop a capital cost estimate for the design proposed based on factored cost methods, data 

regression 

 Benchmark against public domain data where possible 

  

8. Operating Cost Estimation (2, 5, 6, 7, 8, 9, 10, 11, 12)
*
 

 Develop an estimate for annual operating costs based on: raw material, handling, utility, labour, 

and consumables cost estimation including the impact of inflation, start-up and demolition costs 

  

9. Capital Project Economic Evaluation (2, 5, 6, 7, 8, 9, 10, 11, 12)
*
 

 Complete IRR and /or NPV calculations as appropriate to determine the economic feasibility if 

the primary objective is profitability or cost of the project if the primary objective is 

environmental, safety or risk reduction related.  

 Create a sensitivity analysis of project assumptions and variables 

  

10. Project Execution Schedule and Plan (2, 5, 6, 7, 8, 9, 10, 11, 12)
*
 

 Create a project execution schedule based on the equipment and capital requirements for the 

proposed project. 

 Develop a critical path and consider the feasibility of the plan 

 Benchmark if possible 

  

11. Technical Report Preparation ( 7)
*
 

 Preparation of an effective final report on the project and documentation of the work done to 

support the recommendations and conclusions 

 See detailed report specification and marking guides for each report 
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Required or Recommended Texts/Course Material 
There are no required texts. Students make use of reference materials, course notes and texts from other 

courses and have access many library resources and web resources.  Suggested texts to have on hand are: 

 Texts and notes from all previous technical courses 

 Ulrich and Vansudevan (from Ch E 464) 

 A handbook or resource on Engineering Communication 

 A resource for teams - The Team Memory Jogger is an example 

 VMG Sim Download and MS Project Download 

 A device to access the internet in the classroom 

 E-class moodle resources, library, etc. 

Course Content 
There are no formal lectures in the course as it is a problem based learning course. This course 

focuses on developing the top three levels of learning according to Bloom’s taxonomy (see diagram) and 

employs the methods that educational research indicate are most effective at developing those levels. 

Online tutorials (30 minutes to 60 minutes) on specific design topics are provided. These are to be done 

prior to coming to class as they provide the background information for the activities we will be doing in 

class.  The pattern for learning will be:  On line before class – to review, gain knowledge and or 

comprehension of a topic; In class activity – team and group activities to analyze and apply on line and 

previous learning; Team time in class and after – to synthesize, create new ideas and design solutions for 

team projects. Some additional on line learning materials and links are provided that will be supportive of 

certain activities and steps in the design process. Although not mandatory for you to read we hope that 

you will find them useful in completing your project.  In addition, student teams are paired with 

practicing engineers in industries related to their projects. They meet periodically during regular tutorial 

sessions or at industrial sites, and communicate electronically. The students also consult with members of 

the teaching staff. Students are encouraged to make use of their networks, library resources, and may have 

opportunities to consult with other student teams. 

Some but not all of the students will exceed the objectives set out above. Enrichment materials 

including heat exchanger network design, aspects of process control, etc. will be pursued by 

some of the students. 

  

Leadership Activities:  Students are expected to be the leader for at least one of the following:  Project 

Management – scheduling, resourcing and reporting; Risk Management – HAZOP preparation, leadership 

and reporting; Process Design – Simulation development, management and verification; Sizing and 

Costing Management – material selection, fluid mechanics, and design considerations of equipment; 

Economics - Business case development, economic analysis and reporting; Regulatory and Standards 

Management – assess appropriate standards and regulations that apply to the project, ensure that they are 

considered in the design and reporting.  There are other leadership roles that may qualify for various 

projects discuss your ideas with your advisor.  The individual leader is not required to do all the work for 

the particular area they are leading.  The activities are still team activities.  They are required to develop 

the steps required to complete the particular analysis, manage the analysis, and lead the team to 

completion. 

 

Reference Material for Course Objectives: 
Graduates of Chemical Engineering Design II should be able to demonstrate learning at all levels of 

Bloom’s Taxonomy and be proficient in all of the Graduate Attributes of the CEAB.  
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2. Bloom’s Taxonomy 

 
 

3. Canadian Engineering Accreditation Board Graduate Attributes 

Assessment Requirements 
 

1 A knowledge base for engineering 
Demonstrated competence in university level mathematics, natural sciences, engineering 

fundamentals, and specialized engineering knowledge appropriate to the program. 

  

2 Problem analysis 
An ability to use appropriate knowledge and skills to identify, formulate, analyze, and solve 

complex engineering problems in order to reach substantiated conclusions. 

  

3 Investigation 
An ability to conduct investigations of complex problems by methods that include appropriate 

experiments, analysis and interpretation of data, and synthesis of information in order to reach 

valid conclusions. 

  

4 Design 

Figure C1.1. Bloom’s Taxonomy of Cognitive Tasks 
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An ability to design solutions for complex, open-ended engineering problems and to design 

systems, components or processes that meet specified needs with appropriate attention to health 

and safety risks, applicable standards, and economic, environmental, cultural and societal 

considerations. 

  

5 Use of engineering tools 
An ability to create, select, apply, adapt, and extend appropriate techniques, resources, and 

modern engineering tools to a range of engineering activities, from simple to complex, with an 

understanding of the associated limitations. 

  

6 Individual and team work 
An ability to work effectively as a member and leader in teams, preferably in a multi-disciplinary 

setting. 

  

7 Communication skills 
An ability to communicate complex engineering concepts within the profession and with society 

at large. Such ability includes reading, writing, speaking and listening, and the ability to 

comprehend and write effective reports and design documentation, and to give and effectively 

respond to clear instructions. 

  

8 Professionalism 
An understanding of the roles and responsibilities of the professional engineer in society, 

especially the primary role of protection of the public and the public interest. 

  

9 Impact of engineering on society and the environment 
An ability to analyse social and environmental aspects of engineering activities. Such ability 

includes an understanding of the interactions that engineering has with the economic, social, 

health, safety, legal, and cultural aspects of society, the uncertainties in the prediction of such 

interactions; and the concepts of sustainable design and development and environmental 

stewardship. 

  

10 Ethics and equity 
An ability to apply professional ethics, accountability, and equity 

  

11 Economics and project management 
An ability to appropriately incorporate economics and business practices including project, risk 

and change management into the practice of engineering and to understand their limitations 

  

12 Life-long learning 
An ability to identify and to address their own educational needs in a changing world in ways 

sufficient to maintain their competence and to allow them to contribute to the advancement of 

knowledge 

Last modified: Monday, 8 September 2014, 11:42 AM 
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Appendix E:  Tools for Developing Higher Order Skills and Metacognition 
 

Tools for building conceptual relationships, analysis, synthesis and evaluation skills lend scaffolding to 

students.  Evaluating their project, team, and work provides a basis for developing thinking about 

thinking and thinking processes.  

 

E1 Team Self Selection based on Skill Requirements by M. Jamieson August, 2014..............................218 

E2 Team Self Selection form from 2014 course........................................................................................224 

E3 Teamwork: Individual Evaluation, Team Assessment, Feedback and Reflection 

 M. Jamieson May 31, 2015.......................................................................................................................228 

E4 Team Assessment Rubric Tool for Design II Adapted from Newell et.al...........................................231 

E5 Conceptual Relationship Teaching Tool: Heat, Mass, and Momentum Transfer Analogy  

S. Kresta March 15, 1998...........................................................................................................................234 
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1. Team Self Selection based on Skill Requirements 
For 2015, the skill inventory was reorganized into attribute categories and converted from paper 

format to electronic format. Data could then be used to analyze the student perspectives pre and post 

course and potentially feed into continual course improvement.  Students were asked to consider their 

skills in advance of the course by answering questions in an electronic survey type format that allowed 

them to see a spreadsheet composite of their results. The following instructions for completing the process 

were provided. A CCID sign on was accepted in lieu of a signature.  

 
This skill inventory is based on the Canadian Engineering Accreditation Board (CEAB) Graduate Attribute 

Assessment (GAA). The first task for this course is self reflection and evaluation. This reflection is 

structured and based on the learning outcomes from the CEAB. This evaluation will be based on a scale 

from 0-3. 

0 = No or introductory experience  

1 = Developing proficiency  

2 = Proficient 

3 = Mastered 

Once you have completed this form the ratings that you have given yourself will be transferred to your 

team selection form composite as strengths or weaknesses. You will be required to sign that form with 

your team members indicating the skills and attributes that you are able to contribute to them team. The 

team selection form will form part of your team charter, which will be handed in for approval. 

After you have completed this course you will be asked to re evaluate yourself using the same criteria. 

 

The reorganized skill inventory is included on the following page.  This inventory was adapted to an 

electronic survey form.  This form captured data in an format that could be exported to Google docs and 

analyzed for the Wi2015 iteration.  For the Wi2016 iteration the eClass Moodle electronic form will be 

implemented.  This form was tested for team formation in the Fa2015 version of Design I and to gather 

pre and post course data for student perception of their development with respect to the CEAB GAA.  

This form is the source of the student perception pre and post course data analyzed in Chapter 8 Section 6. 
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Wi2015 CHE 435_465 Team/Project Selection Form 

 

We expect you to think strategically about team member selection. Teams normally will be six 

students.  After reading the “Course Objectives” and “Getting Started on Your Project and 

Developing your Team,” complete the individual self-assessment on line.  This skill inventory is 

based on the Canadian Engineering Accreditation Board (CEAB) Graduate Attribute Assessment 

(GAA). If you have team members in mind invite them to join your team.  Once they accept the 

team selection form will start to populate with names of members and their skill assessments.  

Go to eClass on Moodle and start a team in the google docs spreadsheet if you are still looking 

for team members and/or use the team search forum to find potential members.  If you need to 

find a team, look for posted teams who need your skills and have openings on their team.  

Contact the team directly or post your skills on the team search forum.  Remember this will be 

visible to all classmates to find additional team members or find members with skills you need.  

You will need to complete this self-selected team form and hand it in on the first day of class 

(one form per team). Please do your best to ensure that the team is balanced. Try to select team 

members so that the strengths are complimentary and as a team there is strength in most if not all 

of the areas. As a minimum be aware of team strengths and weaknesses at the outset! Submit the 

team score, the names and signatures of the team members and your strategy for addressing team 

weaknesses
1
.   

 

Before projects are chosen at the first tutorial, we will assign remaining students to teams 

randomly and will assign team numbers. All subsequent course correspondence must include 

your team number so that we will be able to respond to project related questions efficiently. This 

form must be completed, signed and all pages initialed by all team members to be valid. After 

the plan to address team weaknesses is completed, see an instructor on the first day get their 

feedback and approval for your plan.  Register your team and get ready to pick your project. 

  

                                                 
1
 Show your strategy on page 3 - add pages if needed! 
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Graduate Attribute/skill 

 

Team member initials 

(p.1) 

Member 

1 

 

_______ 

Member 

2 

 

_______ 

Member 

3 

 

_______ 

Member 

4 

 

_______ 

Member 

5 

 

_______ 

Member 

6 

 

_______ 

Team  
(Count of 

Strengths) 

1 Engineering 

Knowledge 

       

Industrial / co-op 

experience 

       

Chemical engineering 

practice 

       

chemicals 

gas processing 

oil/heavy oil 

biological processes 

research 

       

       

       

       

       

Chemical engineering 

theory 

       

chemical reaction 

(reactors) 

phase separation 

(separators) 

chemical separation 

(distillation) 

heat/mass transfer 

(equipment) 

pump/compressor design 

fluid mechanics (piping) 

material selection 

(corrosion) 

thermodynamics 

process control 

       

       

       

       

       

       

       

       

       

2 Problem Analysis        

Identify  and define 

problems 

Analyze and solve 

problems 

Reach substantive 

conclusions 

       

       

       

3 Investigation        

Research engineering 

problems 

Create solution options 

Develop analysis criteria 

Synthesis of information 

Draw valid conclusions 

Error analysis 

       

       

       

       

       

       

4 Design        

Develop boundary        
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constraints 

Design process system 

Design process 

components 

Assess technical, 

economic, safety, 

environmental criteria & 

risk 

Consider regulatory and 

societal implications of 

design 

       

       

       

       

5 Engineering Tools        

Process simulator           

ASPEN 

experience                       

HYSYS 

                                    

VMGSIM
2
 

       

       

       

Computational/modeling 

skills 

economic analysis 

sizing and costing analysis 

analysis skills using 

spreadsheets 

       

       

       

       

6 Individual and Team 

Work 

       

Team work/team 

building 

Integrity/accountability 

Relationships 

Persuasion 

Coaching and 

development 

Active listening 

Learning styles/Myers 

Briggs 

Working knowledge of 

team formation processes 

       

       

       

       

       

       

       

       

Leadership skills
3
 

Vision/strategic thinking 

Decision 

making/consensus 

Conflict 

management/resolution 

       

       

       

       

7 Communication        

Technical writing skills        

                                                 
2
 VMGSIM is the simulator that will be available to you for this project 

3
 consider:  ability to match work with people, create a productive team, resolve conflict, quality management 
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Text preparation and 

organization 

Text editing 

Figure generation 

Report preparations 

software 

Typing/keyboarding skills 

       

       

       

       

       

Technical reading skills        

Oral presentation skills        

8 Professionalism        

Responsibility of 

Engineers 

Protection of public  

Protection of public 

interest 

Timeliness of task 

completions 

       

       

       

       

9 Impact of engineering        

Analysis of environmental 

impact 

Analysis of societal 

impacts 

Sustainable design 

concepts 

Environmental 

stewardship 

       

       

       

       

Team Initials page 2 

Loss management skills
4
  

HAZOP experience 

simple risk assessment 

safe design practices 

       

       

       

       

       

10 Ethics and equity        

Professional ethics 

Accountability 

Application of equity 

principles 

       

       

       

11 Economics & project 

management 

       

Deviation management 

Risk management 

Schedule management 

Economic and Business 

Analysis 

       

       

       

       

Organizational skills
5
        

                                                 
4
 It is recommended that at least one team member is taking or has taken one of the Safety and Loss Management 

courses  
 
5
 consider: task break down, scheduling abilities, an ability to track and manage a schedule 
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planning / scheduling 

adaptability 

communication 

       

       

       

12 Lifelong learning        

Ability to identify 

educational needs for self 

Ability to meet 

educational needs 

Ability to develop 

competence  

Ability to understand 

limitations 

       

       

       

       

other (please specify) 

 

       

Name Signature  (agreement p.1-3 and strategy) 

1.  

2.  

3.  

4.  

5.  

6.  

TEAM Number:                      Project Name:  

 

Strategy for addressing team weaknesses (page 3): 
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2. Team/Project Selection Form Wi2014 CHE 435_465 
 
We expect you to think strategically about team member selection. Teams normally comprise five or six 

students.  After reading “Getting Started on Your Project and Developing your Team,” complete a skills 

inventory for your self-selected team (one form per team). Please do your best to ensure that the team is 

balanced. There is a skill matrix below. Note strengths of team members in each of the areas with an “S” 

and weaknesses with a “W”. Try to select team members so that the strengths are complimentary and as a 

team there is strength in most if not all of the areas. At a minimum be aware of team strengths and 

weaknesses at the outset! Submit the team score, the names of the team members and your plans for 

addressing team weaknesses
6
. At the end of the first tutorial, we will assign remaining students to teams 

randomly and will assign team numbers. All subsequent course correspondence must include your team 

number so that we will be able to respond to project related questions efficiently. This form must be 

signed and initialed by all team members to be valid. 

 

Skill or criterion 

 

Team member initials 

(p.1) 

Member 

1 

 

_______ 

Member 

2 

 

_______ 

Member 

3 

 

_______ 

Member 

4 

 

_______ 

Member 

5 

 

_______ 

Member 

6 

 

_______ 

Team  

(Count of 

Strengths) 

industrial / co-op 

experience 

       

process simulator           

ASPEN 

experience                       

HYSYS 

                                    

VMGSIM
7
 

       

       

       

technical writing skills 

text preparation 

text editing 

Figure generation 

report preparations 

software 

typing 

       

       

       

       

       

       

organizational skills
8
 

planning / scheduling 

adaptability 

communication 

       

       

       

       

leadership skills
9
 

vision/strategic thinking 

decision making/consensus 

conflict 

management/resolution 

       

       

       

       

chemical engineering 

theory 

       

       

                                                 
6
 Show your strategy on page 2! 

7
 VMGSIM is the simulator that will be available to you for this project 

8
 consider: task break down, scheduling abilities, an ability to track and manage a schedule 

9
 consider:  ability to match work with people, create a productive team, resolve conflict, quality management 
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chemical reaction 

(reactors) 

chemical separation 

(separators) 

heat/mass transfer 

(equipment) 

pump/compressor design 

drawings 

plant integration 

       

       

       

       

       

chemical engineering 

practice 

chemicals 

gas processing 

oil/heavy oil 

biological processes 

research 

       

       

       

       

       

       

computational skills 

economic analysis 

sizing and costing analysis 

       

       

       

oral presentation skills        

loss management skills
10

  

HAZOP experience 

simple risk assessment 

safe design practices 

       

       

       

       

timeliness of task 

completion  

       

team work/team building 

integrity 

relationships 

persuasion 

coaching and development 

       

       

       

       

       

other (please specify) 

 

       

Name Signature  (agreement p.1 and p.2) 

1.  

2.  

3.  

4.  

5.  

6.  
TEAM Number:                      Project Name:  

 

Strategy for addressing team weaknesses:  

                                                 
5
 It is recommended that at least one team member is taking or has taken one of the Safety and Loss Management 

courses  
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3. Team Evaluation and Assessment Tool Objectives – Automation  

 The purpose of the team evaluation tool is to allow students to rank their performance and obtain 

feedback regarding individual performance from their team members. Discussion of peer evaluations and 

individual assessments is part of the team reflection and development process.   The purpose of the team 

assessment rubric (cross referenced with CEAB GAA) is to allow students to place their team behaviors 

in a framework that predicts performance providing them with feedback on their team performance.  As 

such the individual should complete the evaluation ranking and initial team assessment first.  Allowing 

the student the freedom to formulate their thoughts on their performance and their team’s performance 

prior to team discussion gives students time to reflect on their own first.  It allows for honest 

identification of problems earlier rather than later in the term, giving students a chance to resolve 

concerns early.  The process, overview shown in Figure E3.1, should be student controlled as teams are 

self managing.  Automation can provide a consistent process and structure for student team use. Actual 

ranking is to be anonymous, however rankings must be discussed by the team, if a team member gives the 

team as a whole or other individuals a poor ranking they should be prepared to explain their concerns at 

the team meeting.  Since the ranking is done on a scale from 1-5, the meaning of those numbers may vary 

from person to person.  Allowing the team an opportunity to discuss variance prior to submitting a 

completed team assignment is valuable.  Having individual rankings on record is a resource for instructors 

in the event of a dispute requiring resolution.  To this end the individual results of the team assessment 

rubric and individual evaluation ranking will be automatically submitted as an individual component for 

each student and accessible to the instructors as individual documents if required.  The individual 

responses will be compiled in team documents with the assessment being editable. 

 An additional reason for having the students provide comparative feedback to their teammates is to 

avoid problem situations near the end of the term when time is limited for problem rectification.  Requests 

for differential grades when it is too late for corrective action or feedback to the affected student are not 

easy to address fairly.   A process to identify concerns and provide timely peer feedback at evaluation 

Individual 

Reflection and 

Input 

Support: 

Assembly of 

Data and Report 

Generation 

Individual Reflection and 

Automated Submission of 

Individual Contributions 

Team Reflection 

Discussion and 

Planning Process 

Team 

Generated 

Report Output   

Figure E3.1. Process Overview 
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opportunities coupled with an in class process for the team to resolve concerns and document the 

resolution is integral to the course.  Since it is required work, all students have had an opportunity to raise 

concerns and resolve them.   If unresolved there is a basis for further action and escalation. It is a tool for 

teams to manage performance, to gain experience in evaluating performance, deviation management, and 

planning.  It is a tool for instructors to better manage grading and student complaints regarding individual 

performance during or near the end of the term.  Electronic data can be more easily studied and retrieved 

for continual improvement and CEAB audits if required. 
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Team Assessment Tool: Automated Process Development 

The purpose of the team assessment tool is to allow students to compare their team behaviors to 

those observed in teams producing a specific quality of final report and reflect on what actions may be 

required to achieve their goals.  The team assessment rubric has been adapted from “Rubric Development 

for Assessment of Undergraduate Research” (Newell, 2004).  Newell et al. made observations regarding 

team behavior and outcomes.  The design instructional team has made this paper and rubric available to 

design teams for many years.  Between 2010 and 2012 instructors noted a strong correlation between 

observed team behavior and their final report grade.  Some additional items and adaptations were made to 

the rubric to support the specific objectives of the design course.  There is support in the literature for 

individual and group reflection on behaviors and outcomes (feedback) influencing experience quality if a 

certain outcome or goal is desired. (Csikszentmihalyi, 1990; Hattie, 2009; White 2005) To support the 

objective of developing teamwork strategies and in an ongoing effort to assist students in improving their 

performance in the design course a team reflection assignment was added in 2013.  Teams reviewed the 

rubric and commented on where their team ranked and described how they could improve.  As with the 

team evaluation some success was noted with some teams, while other teams were more superficial. The 

assignment was meant to be an individual assessment followed by a group reflection process. 

 

Output Team Meeting In 

class Activity 

Automatic 

Generation 
Automatic Submission 

Input Interface 

Team 

Evaluation 

form 

generation 

Student Self and  

Team Rankings 

completed 

individually   

Email complete form to 

all team members and 

automatically submit as 

assignment 

Team 

Evaluation 

results 

discussion  

-Original copy 

reviewed any 

comments with 

Team 

Reflection  

Team 

Reflection  

form 

generation 

Student reflects 

& evaluates team 

using team 

assessment rubric 

individually 

Team 

Reflection 

discussion 

and editing 

Email composite editable 

form to all team members 

and automatically submit 

as assignment due 24 

hours after meeting or 

final report completion 

-Revised copy 

handed in as 

the Team 

Reflection -

Due T/R after 

meeting 

Figure E3.2. Proposed Integrated Process Structure For Team Evaluation and Reflection 
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Often students were confused between individual and team evaluation and what is required for reflection 

as it was a new process for most.  A combined automated process as shown in Figure E3.2 is proposed. 

 The team reflection automation will allow individuals to consider their input prior to team discussion 

as shown in Figure E3.3.  The complete process follows the method we propose for all student 

contributions to their project:  individual work and preparation; submission of work to the team for 

consideration; team review/discussion/acceptance; plan for further work or rework for individuals.  The 

team reviews and considers individual inputs and then integrates the work into the final product.  In this 

case the individual team members assess their team according to the rubric and then evaluate individual 

performance contributing to the team performance, support their choices and make recommendations for 

improvements.   

 Next, as shown in Figure E3.4, the team meets to review and edit their composite document and 

manage any deviations identified by the individual input process.  It is crucial that students are able to 

integrate the individual inputs to the reflection document after review and discussion.  This is their plan to 

improve results going forward and to resolve any team issues that may have developed.  Considering 

solutions and solving the problems is equally important to the assessment step. The opportunity for 

individuals to input and consider the composite prior to meeting may improve the discussion and plan for 

resolution. 

Individual 

Assessment of 

team using Team 

Assessment Rubric 

Individual 

Evaluation of 

self and team 

members 

Individual 

Receives and 

Reviews team 

composites prior 

to meeting  

Figure E3.3.  Individual work and preparation process 

Team Reflection 

using Individual 

Evaluations 

Team 

Reflection 

using Individual 

Assessment  

Team Resolution of 

Issues, Planning 

and Editing of 

Team Assessment  

Individual 

Acceptance of 

edited Team 

Assessment 

triggers grading  

Figure E3.4.  Team review and planning process 
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 The integration of the two tools into one process with in class time allotted for the team activities, 

automation of input, and composite form generation allows for student and instructor time to be focused 

on improvement of the team experiences from a project perspective and an overall course perspective 

rather on tracking document completion status.  Individual acceptance of the team submission should 

trigger the complete grading automatically as the team grades/approves the plan not the instructor.  The 

instructor can review and give feedback if requested or required but the team controls the process and 

acceptance of the plan.    
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4. Team Assessment Rubric Tool For Design II 

Behaviors Corresponding to Project Planning and Logistics 

 

Adapted from: 

 
James A. Newell, Heidi L. Newell, Kevin D. Dahm, (2004). Rubric Development for Assessment of 

Undergraduate Research Rowan University – Glasgow NJ, Chemical Engineering Education 38(1) 68-73 

  

Indicator “A” Team “B” Team “C” or Lower Team 

Organized Project Effectively organizes 

project tasks to 

minimize time and 

wasted effort. 

Identifies relevant 

tasks but may struggle 

with setting priorities 

and planning. 

Has difficulty 

identifying relevant 

tasks and setting 

priorities. 

Met Deadlines Consistently met 

deadlines. 

Meets most deadlines 

and completes 

assignments even if 

they were not 

immediately 

contributing to their 

mark. 

Misses some deadlines 

and is not prepared for 

weekly meetings.  

Members do not 

always have 

something to report 

and progress may be 

lacking. 

Executed Project 

Plan 

Effectively and safely 

executes the project 

plan.  Makes 

significant progress 

each week.  Modifies 

the plan as necessary. 

Executes the project 

plan but has difficulty 

overcoming setbacks. 

Does not steward to 

the project plan, works 

haphazardly, will 

achieve some project 

objectives, but not all. 

Kept Detailed 

Records 

Kept detailed records 

that are easily 

followed by others.  

These include 

computer files, 

schedules, simulation 

notes, mass and 

energy balances, 

HAZOP records, 

PFD’s and P&ID. 

Keeps records but 

organization is less 

and records may 

contain errors or 

omissions. 

Keeps poor, sketchy 

records, or no records. 

(No records would 

describe a “D” team.) 
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Behaviors Corresponding to Technical Performance 

  

Indicator “A” Team “B” Team “C” or Lower Team 

Defined Objectives Is actively involved in 

defining aggressive and 

achievable objective 

that thoroughly address 

project needs. 

Defines objectives 

however they may be 

too simplistic, 

unrealistic and may not 

address the project or 

client needs 

Takes little initiative in 

defining the project 

objectives. 

Demonstrated 

Technical Awareness 

Clearly demonstrates 

awareness of the work 

of others and establishes 

a context for their 

project. Shows an 

understanding drawn 

from multiple literature 

and other sources.  

(Synthesis is apparent) 

Shows understanding of 

the work in the field, 

but limited depth and 

breadth.  Knowledge is 

based on faculty 

provided materials and 

other sources.  

Synthesis may be 

developing. 

Fails to demonstrate and 

understanding of the 

work of others and how 

it applies to their 

project. Knowledge is 

limited to faculty 

provided materials or 

less. Able to distinguish 

applicable knowledge, 

but synthesis is not 

apparent 

Obtained appropriate 

results 

Obtained meaningful 

results with a minimum 

of wasted effort 

Produced results but 

may have been too 

many or not enough.  

Wasted effort apparent. 

Generated few 

meaningful results and 

no new meaningful 

conclusions.  (Repeat of 

others work, 

conclusions non-

specific to the project.) 

Interpreted data 

appropriately 

Provided thorough and 

correct analysis of data. 

Provided analysis but 

may be partially 

incorrect or 

insufficiently thorough 

Little meaningful 

analysis or blatantly 

incorrect. 

Formulated 

supportable 

conclusions 

Formulated and 

adequately supported 

meaningful conclusions. 

Needed significant 

direction in formulating 

meaningful conclusions 

or lacked sufficient 

support for their 

conclusions 

Conclusions were 

absent, wrong, trivial or 

unsubstantiated. 

Properly considered 

error 

Used appropriate 

mathematical and 

technical skills to 

quantitatively express 

limitations of the data.  

Proper model validation 

and data validation were 

completed 

Error analysis was 

missing a component of 

the validation or there 

were errors in the 

assumptions.  May have 

had a large qualitative 

component. 

Sources of error were 

ignored, misunderstood, 

or misinterpreted. 

Provided 

recommendations for 

future work 

Insightful 

recommendations 

Broad or obvious 

recommendations 

Few plausible 

recommendations 
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Behaviors Corresponding to Team Performance 

 

Indicator “A” Team “B” Team “C” or Lower Team 

Division of Labour All members make 

significant contributions 

to a project that 

progresses satisfactorily.  

Roles are developed and 

clear, but respond to 

changing project needs. 

Progresses satisfactorily 

but some members feel 

that workload 

distribution was 

disproportionate.  Roles 

are not always clear or 

responsive to change. 

Internal conflicts result 

in team failing to 

achieve project goals. 

Professional Conduct Consistently behaves in 

a professional manner 

(shows up for meetings 

prepared and on time, 

treats contacts with 

courtesy and respect; 

external communications 

are formal and 

businesslike).  Dresses 

appropriately for 

industrial, faculty 

meetings and 

presentations. 

Usually behaves in a 

professional manner 

(shows up for meetings 

prepared and on time; 

treats contacts with 

courtesy and respect; 

external communications 

are formal and 

businesslike).  Usually 

dresses appropriately for 

industrial, faculty 

meetings and 

presentations. Does not 

repeat errors. 

Frequently fails to 

behave in a 

professional manner.  

May fail to dress 

appropriately for 

industrial, faculty 

meetings and 

presentations. 

Learning Experiences 

for all team members 

All team members 

demonstrate a thorough 

understanding of the 

technical issues of the 

project and their 

contribution to the 

project.  Team members 

feel that the workload 

has been distributed 

fairly.  Team members 

feel that all members 

have contributed 

adequately and 

equitably. 

Some team members 

demonstrate a thorough 

understanding of the 

technical issues of the 

project and their 

contribution to the 

project.  Segmented, all 

team members do not 

have the whole picture.  

Team members feel that 

the workload was mostly 

distributed fairly.  Team 

members feel that some 

members have 

contributed adequately 

and equitably. 

Some team members 

have significant gaps in 

their understanding of 

the project and 

technical issues.  Team 

members do not feel 

that the workload was 

evenly distributed or 

that contributions were 

adequate and equitable 

from all members.   

Conflict Management Minor Conflict well 

handled 

Some conflict reasonably 

handled 

Significant conflict 

and/or poorly handled 

Team Structure 

Developed to suit the 

project 

Team developed a 

working structure that 

worked well for the 

project and the people on 

the team. 

Team developed a 

working structure that 

worked adequately for 

the project and the 

people on the team. 

Team worked 

haphazardly and did not 

show indications of 

developing a structure 

that suited the project 

or the team members. 
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5. Conceptual Relationship Teaching Tool: Heat, Mass, and Momentum 

Transfer Analogy  
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