
Assessment of Student Outcomes -- Chemical Engineering

CRITERION 3. STUDENT OUTCOMES 
A.  Student Outcomes
The student outcomes for the program are:

•
an ability to apply knowledge of mathematics, science, and engineering
•
an ability to design and conduct experiments, as well as to analyze and interpret data
•
an ability to design a system, component, or process to meet desired needs within realistic constraints such as economic, environmental, social, political, ethical, health and safety, manufacturability, and sustainability
•
an ability to function on multidisciplinary teams
•
an ability to identify, formulate, and solve engineering problems
•
an understanding of professional and ethical responsibility
•
an ability to communicate effectively
•
the broad education necessary to understand the impact of engineering solutions in a global, economic, environmental, and societal context
•
a recognition of the need for, and an ability to engage in life-long learning
•
a knowledge of contemporary issues
•
an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice.
These outcomes are documented on the Chemical Engineering department website:

http://cooper.edu/engineering/chemical-engineering
They are also available on the syllabi for each required chemical engineering course, if that particular outcome is associated with that course.

B.  Relationship of Student Outcomes to Program Educational Objectives
The department’s program objectives are:

1.   Our graduates will understand the fundamentals of science and engineering, and their use in the application of chemical engineering.
Outcomes a, e, and k are directly related to this objective:

Students must have a knowledge of mathematics, science, and engineering (objective 1) in order to apply it (outcome a). Any measure of success in outcome a will indicate student attainment of objective 1.

In order to design a system, component, or process under constraint, students must understand the fundamentals of engineering in order to use them in their design and to quantify their constraints. Any test of the students’ ability to design under constraint (outcome e) will also

indicate their knowledge of the fundamentals through which that design is created and constrained (objective 1).

The skills necessary for engineering practice (outcome k) include the fundamentals of science and engineering and “engineering practice” is synonymous with “application of chemical engineering”. Therefore, outcome k supersedes objective 1 and any measure of outcome k will measure student success at objective 1.

2.   Our graduates will have an understanding and awareness of the professional, ethical and safe application of their knowledge.
Outcomes c and f are related to this objective:

Outcome c requires students to be able to design a process to meet desired needs within social, ethical, and health and safety constraints; measuring success at this will require students to be aware of the social constraints on their profession, the ethics of professional design, and what health and safety constraints are necessary when designing a system, component, or process. This means that a measure of outcome c will indicate attainment of objective 2.

Outcome f requires students to have an understanding of ethical and professional responsibility; this is nearly analogous with objective 2.  Any measure of outcome f will be a direct measure of objective 2.

3.   Our graduates will grasp the concept of life-long learning and appreciate the continuing development of new technologies and issues in the professional field.
Outcomes i and j are closely linked with objective 3, as is the last part of outcome k: Outcome i and objective 3 are linked directly, so any measure of outcome i will indicate

attainment of the first part of objective 3, an understanding of the concept of life-long learning.
Outcome j asks that students have a knowledge of contemporary issues - this is nearly analogous with an appreciation for “the continuing development of. . . issues in the professional field” in departmental objective 3.  Attainment of outcome j therefore directly indicates student

attainment of that part of objective 3.

The last part of outcome k mentions “an ability to use the. . . modern engineering tools necessary for engineering practice.” Using these modern engineering tools requires appreciation of their continuing development (objective 3).  Therefore, measuring outcome k will indicate that students have that part of objective 3.

4.   Our graduates will transition easily into their professional careers, and demonstrate success in that role.
A well-prepared undergraduate will be on the road to becoming a successful professional. Keeping the curriculum current and applicable to current engineering practice is essential in that

role, as well as cultivating a professional environment in school so that students can transition easily to the demands of the workplace. However, the only direct measurement of attainment of objective 4 would be a post-graduation assessment of students’ professional success.

Bearing that in mind, all the a through k outcomes are necessary (though certainly not sufficient!) for success as a professional. We believe that outcomes e, h, and k are particularly related to students’ future success in their careers:

Having an ability to formulate and solve engineering problems (outcome e) will demonstrate the bare minimum of ability as a professional engineer. In that sense, measuring outcome e will be a necessary condition for indicating preparedness for a transition to the workplace (objective 4).

“The broad education necessary to understand the impact of engineering solutions in a global, economic, environmental, and societal context” (outcome h) is essential for modern engineering practice. A broad education in many fields and an awareness of a person’s role in society are essential for students in order for them to be successful professionals (objective 4).   Therefore, outcome h is a necessary requirement (though again, not sufficient) for achieving objective 4.

Outcome k indicates that students have the skills necessary for engineering practice; this

indicates their ability to transition to a professional career (outcome 4).  Any measure of outcome k will be an (incomplete, but necessary) measure of objective 4.

5.   Those graduates who pursue graduate studies and research at Cooper Union and/or other institutions will have the necessary technical background, support and preparation to succeed.
All the outcomes associated with an undergraduate education will be brought to use in graduate school; however, outcomes b, d, and g in particular are related to graduate study and research:

Graduate research requires an ability to design and conduct experiments and analyze and interpret data (outcome b). Preparation in this outcome will indicate preparedness for graduate study at Cooper or elsewhere (objective 5).  Measuring outcome b will indicate preparedness for success in graduate study, which is objective 5.

Outcome d requires students to function on multidisciplinary teams; in order to succeed in graduate research, students must be comfortable crossing disciplinary boundaries and working with people with all manners of expertise. If students have the ability to function on multidisciplinary teams (outcome d), they will be prepared to succeed in a modern research environment (objective 5).

In order to be successful in graduate school, at Cooper or elsewhere (objective 5), it is absolutely imperative that students be able to communicate their work effectively (outcome g).  A student who can write reports and give presentations at the undergraduate level has the minimum preparation for communicating graduate level research. Therefore, attainment of outcome g is a necessary condition for attainment of objective 5.

A matrix of how each departmental objective is assessed is given below as Table B.3a. A matrix of how each course in the curriculum addresses the department objectives and outcomes is given below as Table B.3b. A matrix for each departmental outcome, including the courses that

address that outcome and the outcome assessment methods in each course, is given as Appendix E. A matrix of each required course, which outcomes they address, and how those outcomes are assessed is given as Appendix F.

Table 3-1. Program Educational Objective Assessment Plan
DEPARTMENT OF CHEMICAL ENGINEERING
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Graduate Assessment Plan – Program Educational Objective #1
Our graduates will understand the fundamentals of science and engineering, and their use in the application of chemical engineering.
	Departmental Actions
	Graduate Activities
	ABET
Criterion 3.(a-k)
	Assessment Methods

	Ensure that a core of chemistry, physics
and math courses are in place that stress the understanding of science fundamentals and develop the use of mathematics as the language of science and engineering
	Graduates will be able to use their
chemistry, physics and mathematics knowledge to understand chemical engineering fundamentals.
e.g., research projects, development projects, new products.
	a, g, i, k,
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with employers.
-Publications, patents, awards, grants, PE

	Maintain a series of chemical
engineering courses, such as Energy and Material Balances, Thermodynamics, Fluid Dynamics, Heat Transfer, Mass Transfer and Reaction Engineering, that develop the understanding of engineering fundamentals and their relationship to science fundamentals.
	Graduates will be able to apply their
understanding of chemical engineering fundamentals to simulate and design chemical engineering processes.
e.g.,  new plants, design innovations, improvements in unit operations, novel applications.
	a, c, e, f, g, i
	-Graduating students’ perception of their
competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with employers
-Membership of design teams
-Patents, publications, PE

	Maintain a series of courses, such as
Process Design, Heat Transfer, Mass Transfer and Senior Chemical Engineering Laboratory, providing practical applications of the material learned in the chemical engineering fundamentals courses.
	Graduates will be able to use their
chemical engineering knowledge to
design processes and plant equipment and conduct engineering experiments and analyze and interpret their results appropriately.
e.g., research experience, design experience
	a, b, c, d, f, g, h, i, j, k
	-Graduating students’ perception of their
competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with employers
-Membership of design teams
-Patents, publications, PE


Table 3-1. Program Educational Objective Assessment Plan (continued)
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Graduate Assessment Plan – Program Educational Objective #2
Our graduates will have an understanding and awareness of the professional, ethical and safe application of their knowledge.
	Departmental Actions
	Graduate Activities
	ABET
Criterion 3.(a-k)
	Assessment Methods

	Provide “real” problems in courses that include industrial, economic, business
and societal issues as integral elements of their solutions.
	Graduates will be able to interpret problems not only in technical terms, but also, in terms of their professional and ethical contexts.
e.g., design experience, management experience, memberships of professional organizations
	a, b, c, e, f, g, h, i, j, k
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with employers.
-Professional activities – memberships, PE, etc.
-Relevant society activities – social, political, volunteer, etc.

	Ensure that the curriculum has a range of humanities and social science courses to study that complement the future professional role of our graduates in society.
	Graduates will have a basic knowledge of historical, business, legal, environmental, societal etc. issues that may impact solutions of engineering problems.
e.g., management experience, design experience
	f, g, h, i, j
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with employers.
-Professional activities – memberships, PE, etc.
-Relevant society activities – social, political, volunteer, etc.


Table 3-1. Program Educational Objective Assessment Plan (continued)
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Graduate Assessment Plan – Program Educational Objective #3
Our graduates will grasp the concept of life-long learning and appreciate the continuing development of new technologies and issues in the professional field.
	Departmental Actions
	Graduate Activities
	ABET
Criterion 3.(a-k)
	Assessment Methods

	Provide projects and assignments that require information research and inquiry.
	Graduates will have the ability to research information and literature and to judge their importance, applicability and credibility.
e.g., presentations at conferences and/or professional development, publications
	a, b, c, e, g, i, j, k
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with employers.
-Conference attendance, publications, papers

	Maintain a curriculum that includes reference to recent innovations and new technologies while emphasizing the fundamental tools needed to understand these developments.
	Graduates will be able to understand the connection between the fundamental concepts of their profession and the continuing progress in their field.
e.g., attendance of professional development events and/or professional conferences, PE status
	a, e, i, j, k
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with employers.
-Conference attendance, publications, papers, PE


Table 3-1. Program Educational Objective Assessment Plan (continued)
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[image: image7.png]


Graduate Assessment Plan – Program Educational Objective #4
Our graduates will transition easily into their professional careers, and demonstrate success in that role.
	Departmental Actions
	Graduate Activities
	ABET
Criterion 3.(a-k)
	Assessment Methods

	Maintain a curriculum that includes a significant focus on the practice of engineering through the choice of examples, problems and projects.
	Graduates will understand not only engineering fundamentals and their application, but also, their practice within the engineering profession.
e.g., successful involvement with projects, field work, supervisory assignments, management experience.
	a, b, c, d, e, f, g, h, i, k
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with other graduate schools.
-Communication with employers.
-Career profiles

	Require working in teams, both short term (project basis) and long term (1 year) as an integral aspect of the curriculum.
	Graduates will begin their careers with a foundational experience in the dynamics and logistics of working effectively in teams.
	c, d, f, g, k
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
- Involvement in teams. projects, etc.

	Encourage and facilitate interaction between students, alumni, faculty and other professionals.
	Graduates will start their careers with an awareness of professional and industrial working environments.
e.g., early assignment of responsibility, rate of promotion, assignment of supervisory roles.
	f, g, i, j
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with other graduate schools.
-Communication with employers.
-Career profiles


Table 3-1. Program Educational Objective Assessment Plan (continued)
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Graduate Assessment Plan – Program Educational Objective #5
Those graduates who pursue graduates studies and research at Cooper Union and/or other institutions have the necessary technical background, support and preparation to succeed.
	Departmental Actions
	Graduate Activities
	ABET
Criterion 3.(a-k)
	Assessment Methods

	Maintain a curriculum that provides the content, rigor and experiences needed for graduate level studies.
	Graduates will have a thorough preparation for the advanced courses and research required for graduate studies. e.g., successful completion of graduate coursework, pass PhD Qualifier, publications, papers, grants, awards
	a, b, c, d, e, f, g, i, k
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Responses from Alumni Surveys.
-Feedback from alumni.
-Communication with other graduate schools.
-Communication with employers.
-Graduate transcripts (?), publications, papers, awards.

	Maintain a strong Master of Science program to provide graduate level opportunities at Cooper Union.
	A continuing program of graduate research and study.
e.g., course results at Cooper, theses, papers, publications.
	e, g, i, k
	-Graduating students’ perception of their competence via Senior Exit Survey.
-Communication with other graduate schools.
-Graduate transcripts, publications, papers, awards.
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Table 3-2. Curriculum, Program Educational Objectives and Student Outcomes Matrix
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DEPARTMENT OF CHEMICAL ENGINEERING Program Curriculum Matrix – Freshman Year
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Freshman Year
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Table 3-2. Curriculum, Program Educational Objectives and Student Outcomes Matrix (continued)
DEPARTMENT OF CHEMICAL ENGINEERING Program Curriculum Matrix – Sophomore Year
Sophomore Year
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Table 3-2. Curriculum, Program Educational Objectives and Student Outcomes Matrix (continued)
DEPARTMENT OF CHEMICAL ENGINEERING Program Curriculum Matrix – Junior Year
Junior Year
Table 3-2. Curriculum, Program Educational Objectives and Student Outcomes Matrix (continued)
DEPARTMENT OF CHEMICAL ENGINEERING Program Curriculum Matrix – Senior Year
Senior Year
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�
ChE


Departmental


Objectives�
Student Outcomes�
�
Course


Number�
Course Title�
Credits�
Total


Credits�
#1   #2   #3   #4  #5�
(a)   (b)   (c)   (d)   (e)   (f)   (g)   (h)   (I)  (j)  (k)�
�



Fall Semester�
�
�
�






�
�
Ma110�
Introduction to Linear Algebra�
2�
�
X 	X 	X�
X 	X 	X 	X 	X�
�
Ma111�
Calculus I�
4�
�
X 	X 	X�
X 	X 	X 	X 	X�
�
Ch110�
General Chemistry�
3�
�
X 	X 	X 	X�
X 	X 	X�
�
EID101�
Engineering Design and Problem Solving�
3�
�
X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X 	X 	X 	X�
�
CS102�
Introduction to Computer Science�
3�
�
X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X�
�
HSS1�
Literary Forms and Expressions�
3�
�
X�
X 	X 	X 	X 	X 	X�
�
ESC000.1�
Engineering Professional Development


Seminars�
0�
�
X 	X 	X�
X 	X 	X 	X 	X�
�
Total credits�
18�
18�
�
�
�



Spring


Semester�
�
�
�









�
�
Ma113�
Calculus II�
4�
�
X 	X 	X�
X 	X 	X 	X 	X�
�
Ph112�
Physics I: Mechanics�
4�
�
X 	X 	X 	X 	X


X 	X 	X 	X�
X 	X 	X 	X 	X�
�
Ch111�
General Chemistry Laboratory�
1.5�
�
�
X 	X 	X 	X 	X 	X�
�
Ch160�
Physical Principles of Chemistry�
3�
�
X 	X 	X�
X 	X 	X 	X�
�
HSS2�
Texts and Contexts: Old Worlds and New�
3�
�
X�
X 	X 	X 	X�
�
ESC000.2�
Engineering Professional Development


Seminars�
0�
�
X 	X 	X�
X 	X 	X 	X 	X�
�
Total credits�
15.5�
33.5�
�
�
�
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�
Course


Number�
Course Title�
Credits�
Total


Credits�
#1   #2   #3   #4  #5�
(a)   (b)   (c)   (d)   (e)   (f)   (g)   (h)   (I)  (j)  (k)�
�



Fall Semester�
�
�
�






�
�
ESC170�
Energy and Material Balances�
3�
�
X 	X�
X 	X 	X 	X 	X 	X 	X 	X 	X 	X�
�
Ma223�
Vector Calculus�
2�
�
X 	X 	X�
X 	X 	X 	X 	X�
�
Ma224�
Probability�
2�
�
X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X�
�
Ph213�
Physics II: Electromagnetic Phenomena�
4�
�
X 	X 	X 	X�
X 	X 	X 	X 	X�
�
Ph291�
Introductory Physics Laboratory�
1.5�
�
X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X�
�
Ch231�
Organic Chemistry I�
3�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X�
�
HSS3�
The Making of Modern Society�
3�
�
X�
X 	X 	X 	X 	X 	X�
�
ESC000.3�
Engineering Professional Development


Seminars�
0�
�
X 	X 	X�
X 	X 	X 	X 	X�
�
Total credits�
18.5�
52�
�
�
�



Spring


Semester�
�
�
�









�
�
Ma240�
Ordinary and Partial Differential Equations�
3�
�
X 	X 	X 	X�
X 	X 	X 	X 	X 	X�
�
Ph214�
Physics III: Optics and Modern Physics�
3�
�
X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X 	X 	X�
�
Ch232�
Organic Chemistry II�
2�
�
X 	X 	X 	X 	X


X 	X 	X 	X 	X�
X 	X 	X 	X 	X�
�
Ch233�
Organic Chemistry Laboratory�
2�
�
�
X 	X 	X 	X 	X 	X 	X�
�
ESC130.1�
Chemical Engineering Thermodynamics�
3�
�
X 	X 	X�
X 	X 	X 	X 	X 	X 	X�
�
HSS4�
The Modern Context: Figures and Topics�
3�
�
X�
X 	X 	X 	X 	X 	X�
�
ESC000.4�
Sophomore Seminar Series�
0�
�
X 	X 	X�
X 	X 	X 	X 	X�
�
Total credits�
16�
68�
�
�
�
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�
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Credits�
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Credits�
#1   #2   #3   #4  #5�
(a)   (b)   (c)   (d)   (e)   (f)   (g)   (h)   (I)  (j)  (k)�
�



Fall Semester�
�
�
�
�
�
ESC121�
Basic Principles of Electrical Engineering�
2�
�
X 	X 	X�
X 	X�
�
Ch251�
Instrumental Analysis Laboratory�
2�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X�
�
Ch261�
Physical Chemistry I�
3�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X�
�
ChE131�
Advanced Chemical Engineering


Thermodynamics�
3�
�
X 	X 	X 	X





X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X�
�
ESC140�
Fluid Mechanics and Flow Systems�
3�
�
�
X 	X 	X 	X 	X 	X 	X 	X�
�
�
Engineering/Science Elective�
3�
�
�
�
�
Total credits�
16�
84�
�
�
�



Spring


Semester�
�
�
�
�
�
Ch262�
Physical Chemistry II�
2�
�
X 	X 	X 	X�
X 	X�
�
ChE121�
Chemical Reaction Engineering�
3�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X�
�
ChE141�
Heat and Mass Transfer�
4�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X�
�
ChE151�
Process Simulation and Mathematical


Techniques for Chemical Engineers�
3�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X 	X�
�
�
Engineering/Science Elective�
3�
�
�
�
�
�
Free Elective�
3�
�
�
�
�
Total credits�
18�
102�
�
�
�






�
ChE


Departmental


Objectives�
Student Outcomes�
�
Course


Number�
Course Title�
Credits�
Total


Credits�
#1   #2   #3   #4  #5�
(a)   (b)   (c)   (d)   (e)   (f)   (g)   (h)   (I)  (j)  (k)�
�



Fall Semester�
�
�
�






�
�
ChE162.1�
Chemical Engineering Laboratory I�
1.5�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X�
�
ChE161.1�
Process Evaluation and Design I�
3�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X�
�
ChE142�
Separation Process Principles�
3�
�
X 	X 	X 	X�
X 	X 	X 	X 	X 	X�
�
ChE152�
Chemical Process Dynamics and Control�
3�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X 	X 	X 	X�
�
�
Humanities/Social Science Elective�
3�
�
�
�
�
�
Engineering/Science Elective�
3�
�
�
�
�
Total credits�
16.5�
118.5�
�
�
�



Spring


Semester�
�
�
�









�
�
ChE162.2�
Chemical Engineering Laboratory II�
1.5�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X�
�
ChE161.2�
Process Evaluation and Design II�
3�
�
X 	X 	X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X 	X 	X�
�
ESC110.1�
Materials Science for Chemical Engineers�
3�
�
X 	X 	X�
X 	X 	X 	X 	X 	X 	X 	X 	X 	X�
�
�
Humanities/Social Science Elective�
3�
�
�
�
�
�
Free Elective�
3�
�
�
�
�
�
Engineering/Science Elective�
3�
�
�
�
�
Total credits�
16.5�
135�
�
�
�
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