
UNIVERSITY OF WATERLOO 
SENATE GRADUATE & RESEARCH COUNCIL 

NOTICE OF MEETING 

DATE: Monday 14 January 2019 
TIME: 10:30 a.m. – 12:00 noon   
PLACE: Needles Hall, Room 3318 

Chair – C. Dean 

AGENDA 

Item Action 

Information 

Decision (SGRC) 

Information 

Information 

1. Declarations of Conflict of Interest
a. Excerpt from Bylaw 1, section 8*

2. Minutes of 10 December 2018* and Business Arising

3. Co-chairs’ Remarks

4. Academic Program Review Reports
a. Guiding Questions for Final Assessment Reports and Two-Year Progress Reports*
b. Final Assessment Report – Global Governance (MA)* (Suzan Ilcan)

    (as reviewed by Joza & Wettig) 
Decision (SGRC) 

SEN-Regular** 

1; SEN-Regular 
2,3; Decision (SGRC) 

5. Bylaw 2, Section 4.02* - Proposed changes to Graduate and Research Council Membership

6. Curricular Submissions
a. Mathematics*

7. University Research
a. Tri-Council Responsible Conduct of Research* – follow up from 1 October 2018

SGRC          (Muirhead)
Information 

 

8. Graduate Awards* (O’Neill)
a. KEEN Graduate Entrance Scholarship – trust Decision (SGRC) 
b. Environment Domestic Graduate Entrance Scholarship – operating Decision (SGRC) 
c. Global Governance Master’s Fellowship – endowment and operating Decision (SGRC) 
d. Global Governance Doctoral Fellowship – endowment and operating Decision (SGRC) 
e. Catherine Booth and Michael Kirk Graduate Award – endowment Decision (SGRC) 
f. Mathematics Domestic Masters Scholarship – operating
g. ORDCF Bell Scholarship – endowment

Information 
Information 

9. Other Business Information 

10. Next Meeting: 11 February 2019 from 10:30 a.m. - 12 noon; NH 3318 Information 

*material attached
**item to be forwarded to Senate Executive Committee for review and recommendation to Senate for approval 

“SGRC” to be approved on behalf of Senate 
“SEN” to be recommended to Senate for approval 

7 January 2019 Kathy Winter, PhD, CPsych 
Assistant University Secretary 
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Excerpt from Senate Bylaw 1 

8. Declarations of conflict of interest

8.01 At the beginning of each meeting of Senate or any of Senate’s committees or 
councils, the chair will call for members to declare any conflicts of interest 

with regard to any agenda item. For agenda items to be discussed in closed 
session, the chair will call for declarations of conflict of interest at the 

beginning of the closed portion of the meeting. Members may nonetheless 
declare conflicts at any time during a meeting. 

8.02 A member shall be considered to have an actual, perceived or potential 
conflict of interest, when the opportunity exists for the member to use 
confidential information gained as a member of Senate, or any of Senate’s 

committees or councils, for the personal profit or advantage of any person, 
or use the authority, knowledge or influence of the Senate, or a committee 

or council thereof, to further her/his personal, familial or corporate interests 
or the interests of an employee of the university with whom the member has 
a marital, familial or sexual relationship. 

8.03 Members who declare conflicts of interest shall not enter into debate nor vote 
upon the specified item upon which they have declared a conflict of 

interest.  The chair will determine whether it is appropriate for said member 
to remove themselves from the meeting for the duration of debate on the 

specified item(s). 

8.04 Where Senate or a committee or council of Senate is of the opinion that a 

conflict of interest exists that has not been declared, the body may declare 
by a resolution carried by two-thirds of its members present at the meeting 

that a conflict of interest exists and a member thus found to be in conflict 
shall not enter into debate on the specified item upon which they have 
declared a conflict of interest.  The chair will determine whether it is 

appropriate for said member to remove themselves from the meeting for the 
duration of debate on the specified item(s). 
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University of Waterloo 
SENATE GRADUATE & RESEARCH COUNCIL 

Minutes of the 10 December 2018 Meeting 
[in agenda order] 

Present: Jeff Casello, David Clausi, Amelia Clarke, Bernard Duncker, Ana Ferrer, Rhona Hanning, Lauren Meliss 
Holt, Bruce Hellinga, Julie Joza, Christiane Lemieux, Bruce Muirhead, Liz Nilsen, Daniela O’Neill, Max Salman, 
Simron Singh, Richard Staines, Jackie Stapleton, Mike Szarka, Shawn Wettig, Kathy Winter (secretary) 

Resources: Trevor Clews, Jennifer Kieffer, Amanda McKenzie 

Guests: Jeff Orchard (by phone) 

Regrets: Raouf Boutaba*, Charmaine Dean*, Marlene Epp*, Daniel Martel, Alexander Mercado, Kirsten Muller,   
Naima Samuel*, Shirley Tang, Takin Tadayon, Sverrir Thorgeirsson 

Organization of Meeting: Jeff Casello, co-chair of the council, took the chair, and Kathy Winter acted as 
secretary. The secretary advised that due notice of the meeting had been given, a quorum was present, and the 
meeting was properly constituted. 

1. DECLARATIONS OF CONFLICT OF INTEREST
No conflicts of interest were declared.

2. MINUTES OF 12 November 2018 AND BUSINESS ARISING
The minutes were approved as distributed. Hanning and Ferrer. Carried.

3. CO-CHAIRS’ REMARKS
Casello updated council: increase in SSHRC and NSERC applicant pool-with more than quota to move forward;
CGS-M applications remain high, with approximately 475 received; Senate to receive the IMAE award for
information; on behalf of Senate, Senate Executive Committee approved the Graduate Specializations (item 8 from
1 October 2018 Senate Graduate and Research Council).

4. CURRICULAR SUBMISSIONS
a. Applied Health Science.  Council heard an omnibus motion to approve items 1-3 for the department of
kinesiology, as presented.  Casello expressed support for the described increased flexibility and customization
afforded to both course- and thesis-based students. Hanning and Staines.  Carried.

b. Arts.  Council heard a motion to approve the following items as presented:
A) anthropology; new course – Nilsen and Ferrer. Carried.
B) french; minor program Change – Nilsen and Wettig.  Carried.
C) economics: course Revision – Nilsen and Duncker. Carried.
D) global governance: minor program Change – increased options in courses. Nilsen and Singh. Carried.
E) global governance: course revision – MOTION TABLED as cross-listed course in ENV not yet in existence.
F) – I) history: course Revision and new courses – Nilsen and Lemieux. Carried.

5. UNIVERSITY RESEARCH
Council heard a motion to approve approved the following Human Research Ethics Committee continuing
membership item, as presented: (1) renewal of a member for a third, 3-year term.  Council discussed: committee
membership (members from outside the campus community, as well as those at various stages of graduate school
completion are eligible).  Joza and Muirhead.  Carried.

6. ACADEMIC PROGRAM REVIEW REPORTS
b. Two-Year Progress Report – Computational Math (Jeff Orchard).  Stapleton had prior reviewed the
submission and commented that review was favourable; all recommendations were addressed.  Jeff Orchard spoke
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to the recommendation (adding 1 or more courses to core courses); noting this had not been implemented as 5 
breadth are already represented.  Lemieux and Stapleton.  Carried. 
 
 
7.     GRADUATE AWARDS 
Council heard a motion to approve item (a).  Council discussed award eligibility criteria.  Casello provided 
assurance that criteria will be clear and non-restrictive.  Nilsen and Szarka.  Carried.  Council received items (b) 
and (c) as information. 
 
 
8.     OTHER BUSINESS 
There was no other business. 
 
 
9.     NEXT MEETING 
The next meeting will be on Monday 14 January 2019 from 10:30 a.m. to 12 noon in NH 3318. 
 
 
 
 
 
 
 

10 December 2018 Kathy Winter, PhD, CPsych, 
Assistant University Secretary  
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Handling of Final Assessment Reports related to academic program reviews and 

follow-up Two-Year Progress Reports. 

 
Introduction 

Waterloo’s Senate Undergraduate Council (SUC) and Senate Graduate and Research Council (SGRC) 

have, among other responsibilities, a fiduciary duty to consider all aspects relating to the academic 

quality of undergraduate studies and graduate studies within the university. As described in 

Waterloo’s Institutional Quality Assurance Process, documentation emerging from the cyclical 

program review process includes: (1) a Final Assessment Report, which summarizes the self-study, 

external reviewers’ report, program response, and implementation plan, and (2) a Two-Year Progress 

Report, which reports on progress related to the implementation plan. This document outlines a 

process for vetting these reports through SUC and SGRC. 

 
 

Process 

All undergraduate program reports are handled by SUC. Likewise, all graduate program reports are 

handled by SGRC. For augmented reports (combined undergraduate and graduate), in any given year, 

half will go through SUC and the other half through SGRC to share the workload. 

For Final Assessment Reports (FARs), two SUC or SGRC members will be asked to review the report. For 

Two-Year Progress Reports, one SUC or SGRC member will be asked to review the report, although at 

the SUC/SGRC Chair’s discretion, a second reviewer may be sought. 

Reviewers of FAR and Two-year Progress Reports will consider a series of guiding questions (see below) 

in coming to their recommendation to SUC or SGRC. Furthermore, before reporting to SUC or SGRC, 

reviewers are encouraged to ask questions and share both their observations and any concerns with the 

program under review (usually through the chair of the program). Any revisions should be completed 

by the chair of the program prior to bringing the report for approval at a SUC or SGRC meeting. 
 

 

Guiding questions for Final Assessment Reports 

Does the Final Assessment Report: 

1) Identify the significant strengths and weaknesses of the program as described by either the program 

and/or the visiting team? 

2) Include a credible implementation plan that not only addresses the substantive issues identified from 

the program review process but also identifies clearly: 

 What actions will follow from specific recommendations 

 Who will be responsible for acting on those recommendations 

 Who will be responsible for providing resources 

 What are the priorities for implementation and realistic timelines for initiating and monitoring 
actions 
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Reviewers, should they request it, will be provided access to the confidential documents informing the 

reports (e.g. self-study, reviewers’ report, program response), but consulting these documents is not 

expected unless there is a need to clarify some aspect of a Final Assessment Report or Two-Year Progress 

Report. All members of SUC and SGRC will have the opportunity to review the Final Assessment Report 

or Two-Year Progress Report ahead of the meeting in which the report will be considered and so will 

have the necessary information to engage in discussion. 

To promote transparency and foster integrity in the review process, reviewers whenever possible 

should not be members of the Faculty or Affiliated and Federated Institutions of Waterloo (AFIW) from 

which the reports originate. 

Normally, the associate dean (undergraduate studies or graduate studies) in the Faculty where the 

program resides (or equivalent in an AFIW institution) would be asked questions during an SUC or SGRC 

meeting when the report is being discussed. However, responses from any member of SUC or SGRC who 

can offer insight are welcome. The department chair or school director (or chosen delegate) of the 

program being considered could be invited by the associate dean to attend the SUC or SGRC meeting as a 

resource person. 

SUC’s and SGRC’s responsibility will be to focus on the overall credibility and feasibility of the report and 

the proposed plan of action – seeking to uncover, for example, unexplained disjunctions between the 

reviewers’ recommendations and the department’s response – as opposed to the minutiae of course 

content and curriculum structure. 

Guiding questions for Two-Year Progress Reports 
Does the Two-Year Progress Report: 

 
1) Clearly describe progress achieved on the various action items in the implementation plan? 

 

2) Explain convincingly any circumstances that would have altered the original implementation plan? 
 

3) For items that are behind schedule, propose an amended implementation schedule that is reasonable 

and credible? 

4) Address significant developments or initiatives that have arisen since the program review process, 

or that were not contemplated by the program review process? 
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Meaning of Approval at SUC or SGRC 

For both Final Assessment Reports and Two-Year Progress Reports, SUC or SGRC should ultimately be 

able to assess whether the report is (a) satisfactory, (b) satisfactory but with minor concerns, or (c) 

unsatisfactory due to major concerns. 

In considering whether to approve a Final Assessment Report, SUC or SGRC will focus on the above 

guiding questions for FARs or Two-Year Progress Reports. 

For a Two-Year Progress Report, endorsement of the report by SUC or SGRC indicates that SUC/SGRC is 

satisfied with the progress to date on the implementation plan based on the answers to the guiding 

questions and that SUC or SGRC has confidence that remaining action items will be appropriately 

addressed on the established timelines. 

A Final Assessment Report or Two-Year Progress Report that is deemed “satisfactory” by a majority vote 

of SUC/SGRC will be submitted to Senate for information, normally without additional comment. Should 

the discussion at SUC or SGRC reveal issues of minor or major concern (as indicated by vote), SUC/SGRC 

shall forward the pertinent minutes of the meeting to the head of the program in question (and their 

resource person if one acted as their delegate) to advise of the concerns identified at SUC or SGRC and 

to invite a response, which may include amendments to the original report, along with the appropriate 

endorsement by the Faculty dean or AFIW head. The report then comes back to SUC or SGRC for 

reconsideration and a final vote. A report considered unsatisfactory is not forwarded to Senate but 

instead shall be returned to the head of the program with a request for further work. A program chair at 

this stage may request an unsatisfactory report be provided to Senate, in which case Senate shall be 

provided the report with a description of the areas of concern identified. 
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Final Assessment Report 
Global Governance (MA) 
August 2018 

Summary of the Program Review: 
In accordance with the University’s Institutional Quality Assurance Process (IQAP), this final 
assessment report provides a synthesis of the external evaluation and the internal response of 
the Master of Arts (MA) in Global Governance program delivered by the Balsillie School of 
International Affairs (BSIA). A self-study (Volume I) was submitted to the Associate Vice-
President, Graduate Studies and Postdoctoral Affairs on July 14, 2017. The self-study presented 
the program descriptions and learning outcomes, an analytical assessment of the program, 
including the data collected from student and alumni surveys, along with the standard data 
package prepared by the Office of Institutional Analysis & Planning (IAP). The CVs for each faculty 
member associated with the program were included in Volume II of the self-study.  

Two arm’s-length external reviewers were selected from Volume III of the self-study.  Dr. Randall 
Germain, Professor of Political Science at Carleton University, and Dr. David Black, Professor of 
Political Science at Dalhousie University were selected by the Associate Vice-President, Graduate 
Studies and Postdoctoral Affairs, as well as one internal reviewer, Dr. David Rose, Professor of 
Biology.  

Reviewers appraised the self-study documentation and conducted a site visit to the University 
on January 4-5, 2018. The visit included interviews with the Vice-President, Academic & Provost; 
Associate Vice-President, Graduate Studies and Postdoctoral Affairs; Faculty of Arts Associate 
Dean of Graduate Studies and the Director of the Program. The review team also had the 
opportunity to meet with Faculty members, staff and current graduate students.  

This final assessment report is based on information extracted, in many cases verbatim, from the 
self-study, the external reviewers’ report and the program response. 

Program characteristics: 
The Master of Arts in Global Governance program (MAGG) is a multidisciplinary program that 

draws on the core disciplines of Political Science, History, and Economics, as well as 

complementary disciplines such as Environment and Resource Studies, and Sociology. The main 

objective of the MAGG Program is to provide world-class instruction and learning experiences 

that help to advance intellectual leadership in the emerging field of global governance. 
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Summary of strengths, challenges and weaknesses based on self-study: 

Strengths: 

 High student demand for the program

 Academically rigorous curriculum

 Excellent time to completion and retention numbers

 Current funding arrangements

 First-rate faculty who are leading scholars in their fields

 Dynamic internships and experiential learning opportunities for students

 Excellent learning environment at the BSIA

 Intellectually stimulating events offered through BSIA’s Research Cluster Areas

 Deep partnerships with leading academic and non-academic organizations

Challenges: 

 Insufficient funding to support international internships, many of which are unpaid

Weaknesses: 

 Because of the funding model in Ontario, the program is restricted in the number of
international students it can admit

 Students in the MAGG are required to pay full-time tuition while on their internships,
whereas students in a co-op program only pay a co-op fee while on placement

Summary of key findings from the external reviewers’: 

The MAGG is a world-class program in overall good standing. It boasts a superb complement of 
faculty, including many world-class scholars as well as a large number of strong, younger 
emerging scholars. The research capacity of the faculty in this program is first rate, and the 
evolution of the research profiles of those connected to the program speaks to what we see as 
the enduring as well as timely challenges of global governance. The student body is also 
outstanding, and happily the application numbers are robust. The curriculum of the program is 
entirely appropriate to the field of global governance studies, and the experience of faculty in 
delivering it and of students in learning about the field is wholly satisfactory. Finally, the facilities 
are exceptional, and the funding provided by the program to its students is among the best for a 
program of its kind in Canada. This program adds real value to the University of Waterloo. 

Program response to external reviewer recommendations: 

Recommendations 

1. Curriculum:
1) consider adding a methodological requirement
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2) examine core course content overlap
3) recalibrate the economics core requirement
4) reconsider role of fields in program
5) specify with more precision processes and benchmarks pertaining to

Internship/Fellowship components of program.

Response 
1) The reviewers suggested that the program add a required methods course.  The

program respectfully disagrees with this recommendation for a number of reasons.
First and foremost, the MAGG is an interdisciplinary program that draws on multiple
disciplines, all of which have their own particular methodological approaches to
research. To incorporate all of these approaches into one 12-week course would not
do justice to any one of the approaches, and would be of questionable value
pedagogically. As such, the program directorship believes that students who wish to
have methodological training in a particular discipline would be better served by
taking a methods course offered by one of the program’s partner departments.
Moreover, students are already required to complete political science, history, and
economics requirements, as well as a core course in global governance, which
provides an overview of the field of global governance. Adding a mandatory required
methods course would mean that five of the six courses in the program are required
courses, thereby limiting students’ elective options and potentially negatively
affecting our future enrollment. However, the MAGG steering committee agreed that,
on a case-by-case basis, it would allow students to take a methods course offered by
partner departments.

2) In response to concerns that there was a fair amount of overlap between GGOV 600
and HIST 605, the reviewers asked the program to consider merging the two. The
committee agreed that this was neither desirable nor necessary given that with the
removal of the ECON requirement students will have greater course selection going
forward. Nonetheless, for 2018-2019, MAGG will allow students to substitute HIST
605 for another graduate history course that has an international focus. This curricular
change does not require any new resources, and has been submitted for approval.

3) In its current form, the economics core course is not working well for the program,
the instructor or students. In lieu of offering ECON 637 in 2018-2019, MAGG will ask
students to take either a Global Political Economy or an alternative Economics course
from a pre-determined menu of courses. This curricular change does not require any
new resources, and has been submitted for approval.

4) The reviewers noted that the fields in the program do not play a crucial role in the
curriculum of the program. While this is true, the fields do give prospective students
a sense of the types of issues that are addressed in the program. The MAGG Steering
Committee decided that it would follow the lead of the PhD Global Governance
program, which is also revisiting the place of the fields in the program as part of its
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cyclical review. The PhD Global Governance program has conducted its review and 
has concluded that all six do add value to the program. In order to remain consistent 
with the PhD program, the MAGG program will not be modifying the fields. 

5) The Committee noted that the reviewers seem to have conflated the Global Affairs
Canada Graduate fellowship and internship component of the program. Although
students can use their fellowship as their internship, the two are quite separate, and
the reviewers’ comments really only pertain to the fellowship since the students
whom they consulted with had only finished one term of course work at the time of
the site visit. The Global Affairs Canada (GAC) fellowship is an integral part of the
MAGG, and the program will do all that it can to ensure that all students have a
consistent and meaningful experience.

2. Communication: communicate availability of and process to register in courses

outside the MAGG program. Revisit communication of program requirements, events,

processes and deadlines to students in a more systematic fashion.

Response 
The program already communicates a great deal with students, including in the summer 
prior to beginning the program. All students receive a program handbook that contains 
program requirements in July, along with information about course offerings. Once in the 
program, students receive a weekly bulletin listing events and other opportunities. 
However, good communication is an ongoing issue and the program will strive to have 
open and clear communication on all matters relating to the program. 

3. Faculty renewal: reconsider governance arrangements and a budgetary model to
better enable alignment between financial and programmatic needs of MAGG.
Reform here should enable faculty renewal to proceed. Existing arrangements make
MAGG an orphan program, and orphan programs rarely survive beyond their initial
funding cycle.

Response 
Given that Global Governance is a program and not a department, faculty renewal is not 
something the program has any direct control over. However, it is a serious issue for the 
long-term success of the MAGG as well as the PhDGG. Moreover, there is no appetite at 
UW to create a “BSIA unit” that would have some say on new hires. Given these structural 
constraints, the MAGG and PhD program directors would welcome the opportunity to 
meet with the Deans of the Faculties of Arts and Environment and the Provost to discuss 
ways in which the needs of the global governance programs can be taken into account 
when partner departments hire new faculty. 
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Implementation Plan: 

Recommendations Proposed Actions 
Responsibility for Leading 
and Resourcing (if 
applicable) the Actions 

Timeline for 
addressing 
Recommendations 

1. Curriculum: 
1) consider adding a methodological
requirement;
2) examine core course content overlap;
3) recalibrate the economics core
requirement;
4) reconsider role of fields in program;
5) specify with more precision processes
and benchmarks pertaining to
Internship/Fellowship components of
program.

The program has acted on items 2 
and 3 (see the program’s webpage 
for such changes and course 
flexibility offered), and is acting on 
item 5 (it is currently under 
consideration and being discussed by 
Global Governance committees. It 
does not believe that item 1 would 
be beneficial to the program (see 
note above), and is following the 
lead of the PhD-GG program on item 
4. 

Suzan Ilcan, Andrew 
Thompson, and Shelby 
Davies 

Spring 2019 

2. Communication: communicate availability 
of and process to register in courses 
outside the MAGG program. Revisit 
communication of program requirements, 
events, processes and deadlines to 
students in a more systematic fashion. 

The program already has extensive 
and regular communications with 
students, including regular meetings 
throughout the year, and does 
provide them with a handbook prior 
to beginning the year. The handbook 
includes more than course 
information, such as information 
regarding office space, safety 
protocols, exchanges, getting a 
library card, etc. Going forward, it 

Suzan Ilcan, Andrew 
Thompson, and Shelby 
Davies 

Ongoing 
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will strive to improve 
communications by holding 
additional group and individual 
meetings with the students, 
professionalization workshops, and 
making the handbook available on-
line (such improvement to 
communications has been addressed 
this year, 2018, and will continue in 
the future). 

3. Faculty renewal: reconsider governance 
arrangements and a budgetary model to 
better enable alignment between financial 
and programmatic needs of MAGG. 
Reform here should enable faculty 
renewal to proceed. Existing 
arrangements make MAGG an orphan 
program, and orphan programs rarely 
survive beyond their initial funding cycle. 

This is not something that the 
program has any direct control over. 
However, the program will discuss 
with relevant stakeholders 
possibilities for having some input on 
new faculty hires in partner 
departments  

Suzan Ilcan Ongoing 

The Department Chair/Director, in consultation with the Dean of the Faculty shall be responsible for monitoring the Implementation Plan. 
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Date of next program review: 2024-2025 
Date 

Signatures of Approval: 

Chair/Director Date 

Date 

Faculty Dean Date 

Note: AFIW programs falls under the Faculty of ARTS; however, the Dean does not have fiscal control nor authority 

over staffing and administration of the program. 

Associate Vice-President, Academic 

(For undergraduate and augmented programs) 

Associate Vice-President, Graduate Studies and Postdoctoral Affairs 

(For graduate and augmented programs) 

Date 

Date 

October 10, 2018 
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To: Senate Graduate & Research Council 

From: Charmaine Dean, Vice President, University Research 
Jeff Casello, Associate Vice-President, Graduate Studies and Postdoctoral Affairs 

Date:  14 December 2018 

Subject: Proposed amendments to Senate Bylaw 2 

Motion: To forward proposed changes to Bylaw 2, section 4.02 Graduate and Research Council 
Membership to Senate Executive Committee for review and recommendation to Senate for approval. 

A summary of amendments that are introduced: 

• Replace “committee” under 4.02 a) iv with “council” to be consistent with 4.02 a) iii.
• To replace former role and department titles with current role and department titles:

o under 4.02 a) v “associate dean of graduate studies” to be replaced with “assistant
vice-president, graduate studies and postdoctoral affairs”

o under 4.02 a) vii “associate vice-president, external research” to be replaced with
“associate vice-president, research oversight and analysis”

• To accurately reflect that there are now two roles with the title “assistant vice-president, graduate 
studies and postdoctoral affairs”, and so 4.02 a) v is to read “An assistant vice-president, graduate 
studies and postdoctoral affairs appointed on the recommendation of the associate vice-president, 
graduate studies and postdoctoral affairs.”

• To accurately reflect a reorganization within the Office of Research (see Appendix A) whereby 
oversight for Centres and Institutes now falls within the portfolio of the “associate vice-president, 
interdisciplinary research”:

o under 4.02 a) vi “associate vice-president, university research” to be replaced with
“associate vice-president, interdisciplinary research”

• To move 4.02 b) i to 4.02 a) under 4.02 a) viii and 4.02 a) iv so as to reflect existing, longstanding 
practice. 
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Senate Bylaw 2 

A bylaw to establish Committees and Councils of Senate of the University of Waterloo. 

BE IT ENACTED as a bylaw of Senate of the University of Waterloo, as follows: 

1. Executive Committee 

1.01 There shall be a standing committee of Senate called the Executive Committee. 
1.02 Executive Committee Membership  

The membership of this committee shall consist of the following: 

a. Ex Officio 
 

i. The president of the university, who shall chair this committee. 
ii. The vice-president, academic & provost. 
iii. The associate vice-president, graduate studies and postdoctoral affairs. 
iv. The president of the Faculty Association of the University of Waterloo. 

b. Elected 
 

i. One faculty member of Senate from each faculty of the university. 
ii. Three members from the student members of Senate, at least one of whom shall be 

an undergraduate student and at least one of whom shall be a graduate student. 
iii. One member of Senate from among the community-at-large members of the Board 

of Governors. 
iv. One faculty member of Senate from the affiliated and federated institutions of 

Waterloo. 
v. One member from among the alumni members of Senate. 

 
1.03 The term of office of members elected pursuant to paragraph 1.02.b shall be one year. Each 

member is eligible for re-election. 
1.04 Powers and duties of Executive Committee 

The Executive Committee shall have the following powers and duties:  

a. To request special meetings of Senate, in accordance with Senate Bylaw 1. 
b. On those occasions when the agenda does not, in the estimation of the Executive 

Committee, warrant a meeting of Senate, to cancel any such meeting of Senate, and to 
exercise the powers of Senate, within the limits of The University of Waterloo Act, 1972, 
on all matters considered by the Executive Committee in its discretion to be of sufficient 
urgency that they must be decided prior to the next regular meeting of Senate, provided that 
the Executive Committee shall have no power under any circumstances to repeal, amend or 
modify Senate bylaws, or to exercise Senate’s responsibilities under Policies 45, 48, 50 and 
68. All such actions are to be reported to Senate. 

c. To prepare the agenda for all regular and special meetings of Senate. 
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d. To receive and review reports from the deans of the university prior to their submission to 
Senate at each regular meeting. 

e. To present to Senate, normally at the last regular meeting in the academic year in April, a 
list of nominations for the committees and councils of Senate. 

f. To make recommendations to Senate as may be necessary from time to time regarding the 
establishment of ad hoc committees of Senate, such recommendations to include the terms 
of reference of any such committee and a list of nominations for the membership thereof. 

g. To receive and review the reports and recommendations of all committees and councils, 
prior to their presentation to Senate and to make at its discretion recommendations to 
Senate thereon. 

h. To act on behalf of Senate on such matters as Senate may from time to time designate. 
i. To report to Senate, as expeditiously as possible, with respect to the conduct of such 

matters as shall be delegated by Senate to the committee from time to time. 

1.05 Meetings of the Executive Committee 
The committee shall normally hold ten (10) regular meetings during each academic year, each such 
meeting to be held approximately two weeks prior to the date of each general meeting of Senate. 
Special meetings of the committee shall be called by the chair of the committee. 

2. Finance Committee 

2.01 There shall be a standing committee of Senate called the Finance Committee. 
2.02 Finance Committee Membership  

The membership of this committee shall consist of the following: 

a. Ex Officio 
 

i. The president of the university, who shall chair this committee. 
ii. The vice-president, academic & provost. 
iii. The vice-president, administration & finance. 
iv. The vice-president, university research. 
v. The associate vice-president, graduate studies and postdoctoral affairs. 
vi. The deputy provost, integrated planning and budgeting. 
vii. The dean of each faculty. 

b. Elected 
 

i. One member from the community-at-large members of the Board of Governors. 
ii. One elected faculty member of Senate from each faculty and one faculty member of 

Senate from the affiliated and federated institutions of Waterloo. 
iii. Three members from the elected student members of Senate, at least one of whom 

shall be an undergraduate student and at least one of whom shall be a graduate 
student. 

iv. One member from among the alumni members of Senate. 
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2.03 The term of office of members elected pursuant to paragraph 2.02.b shall be one year. Each 
member is eligible for re-election. 

2.04 Powers and Duties of Finance Committee 
The Finance Committee shall have the following powers and duties: 

a. To consider, study, and review all matters pertaining to the financial operations of the 
university and to make recommendations to Senate thereon. 

b. To consider, study, and review the general policies governing the internal allocation of the 
university’s financial resources and to make recommendations to Senate thereon. 

c. To receive each year from the vice-president, academic & provost, for consideration, study, 
and review, on behalf of Senate, a detailed operating budget for the university and to make 
recommendations to Senate thereon. 

3. Long Range Planning Committee 

3.01 There shall be a standing committee of Senate called the Long Range Planning Committee. 
3.02 Long Range Planning Committee Membership  

The membership of this committee shall consist of the following: 

a. Ex Officio 
 

i. The president of the university. 
ii. The vice-president, academic & provost, who shall chair this committee. 
iii. The vice-president, administration & finance. 
iv. The vice-president, university research. 
v. The associate vice-president, graduate studies and postdoctoral affairs. 
vi. The deputy provost, integrated planning and budgeting. 
vii. The dean of each faculty. 

b. Elected 
 

i. One elected faculty member of Senate from each faculty and one faculty member of 
Senate from the affiliated and federated institutions of Waterloo. 

ii. One member from the Board of Directors of the Faculty Association of the 
University of Waterloo. 

iii. Three members of Senate from the elected student members, at least one of whom 
shall be an undergraduate student and at least one of whom shall be a graduate 
student. 

iv. One member of Senate from the community-at-large members of the Board of 
Governors. 

v. One member from among the alumni members of Senate. 
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3.03 The term of office of members elected pursuant to paragraph 3.02.b shall be one year. Each 
member is eligible for re-election. 

3.04 Powers and duties of Long Range Planning Committee 
The Long Range Planning Committee shall have the following powers and duties: 

a. To make recommendations to Senate in all matters pertaining to the co-ordination of the 
planning of the academic, physical, and operational development of the university and the 
achievement of a planned rate and scope of such development. 

b. To receive from the president, for consideration, study and review, on behalf of Senate, 
plans for the development of the university and to make recommendations to Senate 
thereon. 

c. To undertake such studies as Senate may designate from time to time. 
d. To report to Senate, as expeditiously as possible, with respect to the conduct of such 

matters as shall be delegated by Senate to the committee from time to time. 

4. Graduate & Research Council 

4.01 There shall be a council of the university, appointed by and responsible to Senate, called the 
Graduate & Research Council. 

4.02 Graduate & Research Council Membership  

a. Ex Officio 
 

i. The president of the university. 
ii. The vice-president, academic & provost. 
iii. The vice-president, university research, who shall co-chair this council. 
iv. The associate vice-president, graduate studies and postdoctoral affairs, who shall 

co-chair this council committee. 
v. The associate dean of graduate studies in the graduate studies and postdoctoral 

affairs office.  An assistant vice-president, graduate studies and postdoctoral affairs 
appointed on the recommendation of the associate vice-president, graduate studies 
and postdoctoral affairs. 

vi. The associate vice-president, university research. The associate vice-president, 
interdisciplinary research.  

vii. The associate vice-president, external research.  The associate vice-president, 
research oversight and analysis. 

viii.The associate dean for graduate studies from each faculty. 
ix.  The associate dean for research from each faculty.   
x.   viii. The chief ethics officer. 

      xi.  ix.   The director, research partnerships. 
      xii. x.    The director, graduate academic services. 
      xiii xi.   The university librarian, or designate. 
      xiv.xii.  The president of the Graduate Student Association. 
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b. Elected / Appointed

i. Two faculty members with Approved Doctoral Dissertation Supervisor status from
each faculty, one of whom must be an associate dean with a research and/or
graduate studies portfolio. Associate deans serve without term limits; others serve
for a two-year term.

i. ii.   One faculty member from the affiliated and federated institutions of Waterloo,
            who shall serve for a term of two years. 
ii. iii.  One graduate student from each faculty, each of whom shall serve for a term of

       two years. 

Powers and Duties of the Graduate & Research Council 
The Graduate & Research Council shall consider all questions relating to the academic quality of 
graduate studies and research activity within the university and, without intending to restrict the 
generality of the foregoing, the Graduate & Research Council shall, 

a. Make recommendations to Senate with respect to the government, direction and
management of, or any changes in rules, regulations or policies for graduate studies and
research in the university.

b. Advise the vice-president, academic & provost on all matters relating to graduate studies
and research.

c. Receive, consider, study and review briefs on any aspect of graduate studies and research
from members of the university.

d. Make recommendations to Senate with respect to any financial matter pertaining to
graduate studies and research.

e. Consider, study and review all proposals for new graduate programs, the deletion of
graduate programs, major changes to existing graduate programs, arrange for internal
appraisals as the council shall see fit, and make recommendations to Senate thereon.

f. On behalf of Senate, consider and approve all new graduate courses, the deletion of
graduate courses, and proposed minor changes to existing graduate courses and programs,
and provide Senate with a brief summary of council’s deliberations in this regard. Any
matter of controversy that might arise may be referred to Senate.

g. Consider, study and review all proposals for new centres and institutes, and the closure of
centres and institutes, and make recommendations to Senate thereon.

h. On behalf of Senate, consider and approve renewals for centres and institutes, and report
such renewals to Senate for information. Any matter of controversy that might arise may be
referred to Senate.

i. On behalf of Senate, consider and approve all new graduate scholarships and awards. Any
matter of controversy that might arise may be referred to Senate.
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5. Undergraduate Council 

5.01 There shall be a council of the university, appointed by and responsible to Senate, called the 
Undergraduate Council. 

5.02 Undergraduate Council Membership  

The membership of this council shall consist of the following: 

a. Ex Officio 
 

i. The president of the university. 
ii. The vice-president, academic & provost. 
iii. The associate vice-president, academic, who shall co-chair this council. 
iv. The dean of the federated university. 
v. The associate dean for undergraduate studies for each faculty. 
vi. The registrar of the university. 
vii. The university librarian, or delegate. 
viii. The vice-president (education) or equivalent from the Undergraduate Student Association 

of each faculty of the university. 

  
b. Elected / Appointed 

 
i. One member of the faculty from each faculty of the university which offers undergraduate 

programs, each of whom shall serve for a term of two years. 
ii. One member of faculty from the federated university, who shall serve for a term of two 

years. 
iii. One member of faculty from the affiliated university colleges, who shall serve for a term 

of two years. 
iv. A director appointed from Co-operative Education & Career Action. 
v. An executive member appointed from the Federation of Students. 

  

5.03 Powers and Duties of the Undergraduate Council 
The Undergraduate Council shall consider all questions relating to the academic quality of undergraduate 
studies within the university and, without intending to restrict the generality of the foregoing, the 
Undergraduate Council shall, 

a. Make recommendations to Senate with respect to rules and regulations for the government, 
direction and management of undergraduate studies in the university. 

b. Make recommendations to Senate with respect to new undergraduate programs/plans, the deletion 
of undergraduate programs/plans, and major changes to undergraduate programs/plans. 

c. On behalf of Senate, consider and approve all new undergraduate courses, the deletion of 
undergraduate courses, and proposed changes to existing undergraduate courses and minor 
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changes to programs and/or plans, and provide Senate with a summary of council’s deliberations 
in this regard. Any matter of controversy that might arise may be referred to Senate. 

d. Advise the vice-president, academic & provost on all matters relating to undergraduate studies.
e. Consider, study and review briefs on any aspect of undergraduate studies from members of the

university.

Amended/consolidated from Bylaws 2, 3, 4, 8 and 9 in two readings, September and October 2014. 

Amended by Senate in two readings, November 2017 and January 2018. 
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To: Senate Graduate & Research Council 

From: Faculty of Mathematics 

Date:  4 January 2019 

Subject: Curricular Submission 

1. New Program for Approval

a) Master of Data Science and Artificial Intelligence (MDSAI)
• New Program Template – co-operative program
• New Program Template

b) Master of Mathematics in Data Science
• New Program Template

2. New Milestone

a) Work report – MDSAI co-operative program
b) Ethics workshop – MDSAI, MDSAI co-operative program, Master of Mathematics in

Data Science

3. New courses
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1 Introduction: Learning Objectives and Outcomes 

Large and ever increasing amounts of heterogeneous and dynamically changing data are now 
routinely generated by many business, scientific, and social endeavours. This generation of 
data will continue to grow in size, complexity, and speed as new application areas such as 
personalized cancer treatment, continuous genetic tracking, real-time market-making, and 
triangulation across social networks find value in Canadian society, and as yet unheard of 
applications take advantage of the data resources that are or could be available in the future. 

The field of data science leverages the very large volumes of data generated from these 
numerous and diverse sources as they become available in our increasingly digital world. From 
such sources, data-driven approaches to decision-making, inference, and exploration have 
become the hallmarks of data science and are now becoming widespread in many disciplines 
(e.g., biological science, medical and health informatics, environmental science, economics, 
finance, social science, humanities, etc.). 

Data science is the study, application, and development of methods that facilitate insight from 
available data in order to understand, predict, and improve business strategy, products and 
services, marketing campaigns, medicine, public health and safety, as well as numerous other 
pursuits. Artificial Intelligence (AI) is the study of machines and software that exhibit 
intelligence, such as learning, reasoning, planning, recognizing and problem solving. Together, 
Data Science and Artificial Intelligence develop and share methods and tools designed to 
address problems increasingly central to our everyday life, business, society, and the 
environment. The proposed name, "Master of Data Science and Artificial Intelligence", 
acknowledges this reality. 

The methods of data science and artificial intelligence involve elements of statistics, computer 
science, and optimization. The fact that this training needs to be collaborative between 
disciplines is widely recognized. To quote the American Statistical Association statement1 on 
Data Science: “[a] substantial collaborative effort is needed for it to realize its full potential for 
productivity and innovation. While there is not yet a consensus on what precisely constitutes 
data science, three professional communities, all within computer science and/or statistics, 
are emerging as foundational to data science: (i) database management enables 
transformation, conglomeration, and organization of data resources, (ii) statistics and machine 
learning convert data into knowledge, and (iii) distributed and parallel systems provide the 
computational infrastructure to carry out data analysis”. Similarly, as stated in the National 
Research Council 2013 report2 "Frontiers of Massive Data Analysis" optimization is one of the 

1 Amstat News, October 1 2015, http://magazine.amstat.org/blog/2015/10/01/asa-statement-on- 
the-role-of-statistics-in-data-science/ 

2 National Research Council. 2013. Frontiers in Massive Data Analysis. Washington, DC: The 
National Academies Press. https://doi.org/10.17226/18374 
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seven computational "giants of statistical data analysis" and so forms one of the five required 
areas core to the proposed degree. 

There is a growing and widely recognized need for highly qualified personnel in this emerging 
area. The gap between demand for and supply of Data Scientists is well documented. For 
example, an article from Datanami3 noted the following: "Back in 2012, the research firm 
Gartner said there would be a shortage of 100,000 data scientists in the United States by 2020. 
A year earlier, McKinsey put the national gap in data scientists and others with deep analytical 
expertise at 140,000 to 190,000 people by 2017, resulting in demand that's 60 percent greater 
than supply. In 2014, the consulting firm Accenture found that more than 90 percent of its 
clients planned to hire people with data science expertise, but more than 40 percent cited a 
lack of talent as the number one problem". Recently the government of Ontario has made 
significant investments to address this shortage. From the investinontario.com website: “In 
Ontario, we recognize that a knowledge economy is only as good as its talent. That's why 
we're strengthening our AI talent pipeline by committing to graduate 1,000 AI-related master's 
grads per year by 2023, while simultaneously increasing the number of annual STEM grads by 
25% to over 50,000." 

To address growing provincial, national, and global needs in this area, we propose a new 
Master of Data Science and Artificial Intelligence (MDSAI) program in the Faculty of 
Mathematics. A separate brief introduces the Master of Mathematics in Data Science program 
with a thesis option. These programs will share common infrastructure including new 
graduate courses and a single graduate director. 

1.1 Brief Listing of the Program 

This proposed Master of Data Science and Artificial Intelligence will be a coursework program 
with a co-op option. The degree requirements include nine graduate courses relevant to data 
science. Most courses are delivered on campus, with possibly one or two courses taught 
online. 

While the program will include a regular option, all students will be admitted to the co-op 
option. Students will only be allowed to transfer to the regular option after one term and only 
in special circumstances, such as if they already have a job to which they plan to return upon 
graduation. Part-time study will be allowed in the regular option. 

We expect students to complete the co-op program in four terms (16 months), which includes 
three study terms and one four-month work term. However, students may apply for an eight- 
month work term that would lengthen their program to five terms (20 months). Students in 
the regular option are expected to complete the degree in three terms (one year). 

3 “Tracking the Data Science Talent Gap”, Alex Woodie, Datanami, March 25, 2016 
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The tuition for the program is proposed to be $30,000 for domestic students and $40,000 for 
international students ($10,000 per study term for domestic students and $13,333 per study 
term for international students), with the assumption students would take 3 courses per term. 
Since this is a course-based program, the tuition will be assessed on a per-course basis. This 
means that domestic students will be assessed tuition at $3,333 for each course they take in a 
single term and international students will be assessed $4,444 per course. Students in the co- 
op program will also be assessed the co-op fee. 

Tuition justification 

Some of the reasons for this proposed higher tuition compared to existing MMath programs 
include the following: 

1) There is a very high demand for graduates in DS and AI, and thus graduates of this
program are expected to easily find positions with starting salaries in the range $80K-
120K. As such, the program is a very good investment for these students.

2) Students in the MDSAI program will by default be enrolled in co-op. The only students
who are expected to opt out of co-op are those who currently have a job to which they
plan to return upon graduation. During the co-op term, students are expected to make a
salary over the 4-month period in the range $15K-20K. In addition to the experiential
learning that will occur during this period, the co-op term is an important source of
remuneration that will provide financial support to students during their program.

3) More generally, the co-op component of the MDSAI is a distinctive asset of the program
that will provide work experience to students and enhance their placement options upon
graduation.

4) In addition to its co-op feature, with its 9-course requirement the MDSAI provides
students with both the breadth and depth necessary to prepare them for a career in
industry.

5) As seen in Table 1, the proposed tuition is in line with what is being charged by other
programs in the area of Data Science. With its co-op component and the internationally
recognized expertise in the Faculty of Mathematics the program is expected to be
competitive.

6) Beyond the resources available at the University of Waterloo, the program is expected to
benefit from association with the Vector Institute as a “core AI-related program”. This
may include extensive industrial connections through Vector that can advance
recruitment for students, as well as scholarships funded by Vector.

Table 1: A list of comparative programs including the University, duration, curriculum, and the cost 
of the program. 

Program Name University Duration and curriculum Cost for program 

Master of 

Management 

Analytics 

University of 

Toronto, Rotman 

School of 
Management 

A 9-month program that requires 14 

courses plus capstone projects. 

Domestic Fee: 

$46,000 

Int’l: $63,000 
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Program Name University Duration and curriculum Cost for program 

Masters of 

Applied 
Computing 

University of 

Toronto 

A 16-month program: 8 months of 

courses and 8-month internship 

Domestic Fee: 

~$22,000 

Int’l: $50,000 

Data Science and 

Analytics (MSc) 

Ryerson 

University 

1-yr FT or 2-yr PT: FT take 3 courses per

term

Domestic Fee: 

$10,869 

Int’l: $21,740 

Master of Data 

Analytics 

Western 

University 

One year (2 terms on campus, 1 term 

internship) 

Domestic: $24,665 

Int’l: $42,473 

Master of 

Management 

Analytics 

Queen’s 

University 

5 modules, 2 residences Domestic: $44,600 

Int’l: $67,750 

Master of Data 

Science 

University of 

British Columbia 

10-month, full-time Domestic Fee: 

$31,212 

Int’l: $42,436 

Professional 

Master's Program 

in Big Data 

Simon Fraser 

University 

4 semesters (or 16 months) in length. 

This includes a 4-month co-op 

placement. 

Domestic Fee: 

$27,591 

Int’l: $32,897 

1.2 Method Used for Preparation of the Brief 

The Mathematics Graduate Office has overseen the preparation of the brief. Contents related 
to admission and degree requirements were developed by the Data Science Committee, which 
comprises members of the three units involved in the program. Several faculty-wide meetings 
were held over the period of April 2017 to January 2018 to provide opportunities for 
discussion on the MDSAI and Masters of Mathematics in Data Science (thesis option) 
programs. A half-day workshop was held with the Centre for Teaching Excellence on January 
23, 2018 to 1) discuss the vision of the program, 2) to develop program outcomes, 3) map the 
degree requirements to the Graduate Degree Level Expectations and 4) identify ideal 
attributes of graduates from the program. 

1.3 Objectives of the Program 

In its 2012-2017 Strategic Plan, the Faculty of Mathematics identified seven priority areas and 
associated goals to be pursued by 2017. These priorities and goals were developed with broad 
consultations that aligned with and complement the University of Waterloo’s Sixth Decade 
Plan (2007 - 2017), Pursuing Global Excellence: Seizing Opportunities for Canada. The Faculty 
of Mathematics has since then worked on a new strategic plan for the period 2018-2023, 
which was about to be approved by Faculty Council at the time where this brief was finalized. 
However, at the time where this program was developed, the 2012-2017 Plan was still in force 
and thus was used to inform its creation and design. Nevertheless, this program is also 
consistent with the upcoming 2018-2023 Plan. 

In its strategic plan, the Faculty of Mathematics identified seven strategic priority areas and 
associated goals to be pursued by 2017. These priorities and goals were developed with broad 
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consultations that aligned with and complement the University of Waterloo’s Sixth Decade 
Plan (2007 - 2017), Pursuing Global Excellence: Seizing Opportunities for Canada. 

Research, graduate education, and undergraduate education are central to the achievement of 
the Faculty’s mission and vision of success. Of particular relevance to the proposed graduate 
programs in Data Sciences, the Faculty’s strategic priorities including 1) providing a vibrant 
research environment and enriched graduate student experience (includes attracting the 
highest quality graduate students and providing them with the highest quality graduate 
education); and 2) offering leading-edge, dynamic academic programs. 

Moreover, two of the four main thrusts, which together form the mission of the Faculty of 
Mathematics, were “to provide learning opportunities of unmatched breadth and depth” and 
“to produce graduates that are in worldwide demand”. The proposed graduate program in 
Data Science and Artificial Intelligence is a fulfillment of this vision and aligns with the strategic 
priorities of the Faculty. 

This program addresses the growing need for highly qualified personnel in the emerging and 
world-recognized disciplines of Data Science and AI. The Faculty of Mathematics at the 
University of Waterloo is strongly positioned to offer a graduate program in Data Science and 
AI that is strong in all key core areas because of its unique (in the world) blend of 
internationally recognized academic units, namely the Department of Statistics & Actuarial 
Science, the Department of Combinatorics and Optimization, and the Cheriton School of 
Computer Science. 

Data science and artificial intelligence have been identified as priority areas for the Faculty of 
Mathematics by the Dean of Mathematics. This emphasis has resulted in a number of new 
academic credentials related to Data Science and Artificial Intelligence. For example, an 
undergraduate major in Data Science began in the Fall of 2017. More precisely, the Faculty 
now offers a Bachelor of Computer Science in Data Science hosted in the Cheriton School of 
Computer Science, and a Bachelor of Mathematics in Data Science hosted in the Department 
of Statistics and Actuarial Science. In addition, the Cheriton School of Computer Science and 
Department of Statistical & Actuarial Science each created “specializations”' for data science 
(first cohort enrolled in September, 2017) within existing graduate degree programs in 
anticipation of the proposed program. Moreover, options in Artificial Intelligence have 
recently been created by the Cheriton School of Computer Science within the Bachelor of 
Computer Science and the Bachelor of Mathematics in Computer Science. They will be 
effective in Fall 2018. 

Program objectives 
The main objective of this program is to provide the best graduate education to students so 
that they can meet the growing national and international need for highly qualified personnel 
in the fields of data science and artificial intelligence. The overarching objectives of the 
Master of Data Science and Artificial Intelligence (MDSAI) are to: 
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● Develop a broad academic and practical literacy in computer science, statistics, and
optimization, with relevance in data science and artificial intelligence, so that
students are able to critically select and apply appropriate methods and techniques
to extract relevant and important information from data.

● Provide strong core training so that graduates can adapt easily to changes and new
demands from industry.

● Enable students to understand not only how to apply certain methods, but when
and why they are appropriate.

● Integrate fields within computer science, optimization, and statistics to create
adept and well-rounded data scientists.

● Expose students to real-world problems in the classroom and through experiential
learning.

These program objectives acknowledge the interdisciplinarity of data science and the 
importance of building a strong foundation with our students. 

Learning outcomes 
To achieve the program objectives, graduates of the program should be able to do the 
following: 

1. Computational foundations: Demonstrate programming competency and strong
computational skills by integrating concepts, theories, and key principles in the field
of data science and artificial intelligence.

o Master the use of tools (e.g., distributed programming, statistical analysis,
etc.) that are required for handling, modeling, and extracting information
from data stemming from real and concrete problems.

o Develop a thorough understanding of how computations scale.
o Develop strong programming skills that are not code-specific.
o Develop computational maturity in order to quickly learn new technical

skills that are relevant to data science and artificial intelligence.
2. Mathematical and Statistical Foundations: Assess the significance and limitations of

the tools used and apply rigorous methods to ensure quality results.
o Challenge the assumptions of tools used; understand the limits of models

and their predictions; as well as identifying bias within data sets.
o Understand and derive theoretical properties of methods involved in

machine learning.
o Develop mathematical and statistical maturity to ensure that the correct

interpretation of data is made.
o Demonstrate the ability to prove important properties of the tools and

methods used (e.g., convergence of optimization algorithms used in
machine learning, asymptotic properties of estimators, etc.)

3. Working with Data: Develop competency within the field of data science by
identifying, evaluating, and assessing the appropriate methods for modelling and
processing data.

o Demonstrate proficiency with statistical analysis of data, including data
modelling, data processing and cleaning, and management.

o Effectively organize and manage datasets.
o Use appropriate methods for parameter estimation.
o Select and apply relevant machine-learning algorithms for problem at hand.
o Ensure that results are assessed for accuracy.
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4. Interdisciplinarity: Integrate knowledge and modes of thinking from two or more
disciplines so that students are able to approach and resolve complex
interdisciplinary problems.

o Develop an interdisciplinary approach and way of thinking to Data Science
and Artificial Intelligence that recognizes the importance of computer
science, statistics, and optimization.

o Learn to appreciate and recognize the importance of domain-specific
knowledge from researchers and users involved in the application domains
of Data Science and Artificial Intelligence.

5. Independent thinking: Develop independent thinking skills allowing students to
explore, identify, and evaluate theoretical and methodological foundations.

o Develop ability to “think outside the box” and determine whether available
tools can adequately answer questions or whether new tools need to be
created.

o Critically evaluate the relevance and credibility of data collected to answer
questions posed by end-users.

o Develop critical and creative thinking by cultivating students’ dispositions in
inquisitiveness, intellectual flexibility, curiosity, persistence, and an open- 
and fair-minded attitude in trying new methods/techniques.

o Understand the ethical challenges associated with the issues of bias,
privacy, transparency, and accountability

o Analyze and articulate their views on legal, ethical and policy implications of
new technologies.

6. Professional development: Demonstrate professional capacity and develop strong
communication skills.

o Effectively communicate problem description, methodologies used, and
conclusions to a range of audiences (especially to non-technical people)
orally, visually, and in writing.

o Demonstrate the ability to work productively with others to accomplish
established goals and manage multiple projects with strict deadlines.

In ensuring the quality of the Master of Data Science and Artificial Intelligence is consistent 
with the expectations of university degrees in Ontario (as developed by the Ontario Council of 
Academic Vice Presidents, OCAV), the following program map was developed (Table 2). This 
program map outlines how the required courses and co-op component will build the depth 
and breadth of knowledge within students and provide opportunities for them to apply their 
skills. Most of the required courses focus on developing methodological competencies. The 
courses and experiential learning components will offer students the opportunity to develop 

their technical, professional, and communication skills within the field of data science and 
artificial intelligence. 
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Table 2: A map of the program’s course content against the Graduate Degree Level Expectations (GDLEs). Ma indicates a major contribution to 
the GDLE, Mi indicates a minor contribution, and a blank indicates no contribution. 

Foundatio

n Course 

(1) 

Core Courses (5) Elective Courses (3) Other Requirements 

At least one course in each of the following: At least three courses in each of the following: 

GDLE CS 600 

STAT 845 

STAT 

847 

CS 

651 

CS 

631 

CO 602/CS 795 

CO 673/CS 794 

CO 663 

CS 638 

CS 648 

CS 680 

CS 685 

STAT 841 

STAT 842 

STAT 844 

CO 602 (CS 795)/CO 673 (CS 794)/650/663 

CS 638/648/654/680/685/686/740/741/743/786/798/ 

848/ 858/886 

DS 701/702 

STATS 840/841/842/844/946 

AI 

Module 

Ethics 

Milestone 

Co-op 

1. Depth and

breadth of

knowledge

Ma 

(breadth) 
Ma Ma Ma Ma (depth) Ma 

2. Research and

scholarship
Mi 

Ma(particularly methodological 

competence) 
Ma(particularly methodological competence) Ma (ii,iii) 

Ma or Mi 

(depends 

on 

position) 

3. Level of

application of

knowledge

Ma Ma Ma Ma Mi Ma 

4. Professional

capacity/ 

autonomy
Mi Mi 

Ma (particularly, critical evaluation of 

current research and advanced 

research and scholarship in the 

discipline) 

Ma (particularly, critical evaluation of current research 

and advanced research and scholarship in the discipline) 
Minor Ma Ma 

5. Level of

communications

skills

Ma Mi Ma Mi Ma 

6. Awareness of

limits of

knowledge

Ma Mi Mi Ma Mi Ma Ma 
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Table 3: Learning outcomes mapped to Master's Graduate Degree Level Expectations (GDLE) and its relationship to ensure that students are 
meeting the program elements in the MDSAI program. 

GDLE 1. Depth and 
Breadth of 
Knowledge

2. Research and Scholarship 3. Level of 
Application

of 
Knowledge 

4. Professional Capacity/Autonomy 5. Level of 
Communications 

Skills 

6. 
Awareness 
of Limits of 
Knowledge 

Learning Outcomes A systematic 

understanding 

of knowledge 

and a critical 

awareness of 

current 

problems 

and/or new 

insights, much 

of which is at, 

or informed by, 

the forefront of 

their academic 

discipline, field 

of study,  or 

area of 

professional 
practice; 

A conceptual understanding and methodological 

competence that: 

On the basis of that 

competence, has shown at 

least one of the following: 

Competence  

in the research 

process by 

applying an 

existing body 

of knowledge 

into   the 

critical   

analysis of a 

new question 

or of a specific 

problem or 

issue in a new 

setting. 

a. The qualities and transferable 

skills necessary for employment

requiring:

b. The 

intellectual 

independence

required for 

continuing

professional 

development; 

c. The ethical 

behavior 

consistent

with academic

integrity and 

the use of 

appropriate

guidelines and 

procedures

for

responsible 

conduct of 

research; and 

d. The ability 

to appreciate

the broader 

implications 

of applying

knowledge to 

particular 

contexts. 

The ability to 

communicate ideas, 

issues and 

conclusions clearly. 

Cognizance of 

the complexity 

of knowledge 

and of the 

potential 

contributions of 

other 

interpretations, 

methods, and 

disciplines. 

i) Enables a 

working

comprehension 

of how

established 

techniques of 

research and 

inquiry  are

used to create

and interpret

knowledge in 

the discipline; 

ii) Enables a 

critical 

evaluation of 

current

research and 

advanced 

research and 

scholarship in 

the discipline 

or area of 

professional 

competence; 

iii) Enables a 

treatment of 

complex 

issues and 

judgments 

based on 

established 

principles 

and 

techniques;

and, 

i) The 

development

and support

of  a 

sustained 

argument in 

written form;

or 

ii) Originality 

in the 

application 

of 

knowledge. 

i) The exercise

of initiative

and of 

personal 

responsibility 

and 

accountability; 

ii) Decision- 

making in 

complex 

situations; 

Computational foundations: 

Demonstrate programming 

competency and strong 

computational skills by 

integrating concepts, theories, 

and key principles in the field of 

data science. 

Ma Ma Mi Ma Mi 

Mathematical and Statistical 

Foundations: Assess the 

significance and limitations of 

the tools used and apply 

rigorous methods to ensure 

quality results. 

Ma Ma Ma Ma Mi Ma Mi Mi Mi Ma 

Working with Data: Develop 

competency within the field of 

data science by identifying, 

evaluating, and assessing the 

appropriate methods for 

modelling and processing data. 

Ma Ma Mi Mi Mi Ma 

Interdisciplinarity: Integrate 

knowledge and modes of 

thinking from two or more 

disciplines so that students are 

able to approach and resolve 

complex interdisciplinary 

problems. 

Mi Ma Mi Mi Ma 

Independent thinking: Develop 

independent thinking skills 

allowing students to explore, 

identify, and evaluate theoretical 

and methodological foundations. 

Mi Ma Ma Ma Ma Ma Ma Ma Ma Ma 

Professional development: 

Demonstrate professional 

capacity and develop strong 
communication skills. 

Ma Ma Ma Ma Ma Ma 
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1.4 Admission Requirements 

Applicants will normally have an Honours Bachelor’s degree in data science, computer science, 
statistics, mathematics or a related field, with a minimum overall B+ (78%) average from a 
recognized university. In addition, applicants will also have a background in calculus, linear 
algebra, statistics, and computer science. Experience at the senior level in both computer 
science and statistics courses is preferred, but not required. Experience at the senior level in 
at least one of computer science or statistics is required. 

Applicants will also need to meet the University of Waterloo's English Language Proficiency 
requirements (as detailed in the Graduate Calendar: the higher scores will be required). 
Students are not required to have prior work experience. 

The above requirements, together with the two foundation courses in statistics (STAT 845) and 
computer science (CS 600), have been carefully designed to make sure all students will be able 
to complete the core and electives courses required to complete the program. Applicants 
lacking in background may be admitted on probation and required to take and earn a grade of 
at least 78% in specified qualifying courses. In particular, students requiring both foundational 
courses CS 600 and STAT 845 would be required to take at least one of them in a probationary 
period prior to the program's start, and this probationary course would not count toward 
degree credit. 

1.5 Program Structure 

1.5.a Structure 

Applicants are expected to enroll as full-time students into the regular or co-op MDSAI 
program. Students need to complete nine courses (all of them are 0.5 credit) in order to 
graduate. This is more than the minimum required number of courses for course-based 
Master’s programs in the Faculty of Math, (typically eight courses or 4 credits in total). As is 
the case for all students at the University of Waterloo, students must complete the Academic 
Integrity Module by the end of their first term. In addition, students in this program must 
complete an Ethics Milestone, by either taking a course on this topic as one of their electives, 
or by completing a three-day workshop entitled “Ethics in Data Science and Artificial 
Intelligence” that will be offered in the Fall term. Normally, full-time regular students will take 
three courses each term and thus can complete the course requirements in three terms. This 
course load is reasonable given that students will not have research, TA, or other 
commitments related to this degree. As part of the degree requirement, students must 
maintain an average of 75% in their courses. 

The (1) foundation and (5) core courses serve to deepen and widen the students’ backgrounds. 
The (3) elective courses provide students the opportunity to explore new topics and/or 
deepen their understanding in a particular topic. Once in the program and with the approval of 
the Director, two of the three electives may be replaced by a significant project under the 
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supervision of one or more faculty members in data science. The project gives the student the 
opportunity to plan and carry out a research project. In particular, it gives a chance to students 
in the co-op option to study an idea/problem they may have encountered during their work 
term. 

A co-op student enrolled into the MDSAI program is granted their degree if they complete the 
above course requirements, one co-op workterm (4 months), and a work-term report. 
Students may also apply for a one-term extension of the work term (for a total of two work 
terms or 8 months). 

Please see Table 4 for a summary of the program’s structure and Section 4.4 for more details 
regarding the curriculum of the program. 

Table 4: A table summarizing the program’s structure for full-time regular and co-op students. 
*Co-op students may apply to extend their work term for a total of 8 months.

Term 
Co-op option 

Co-op option 
and Project (by 

permission) 

Regular option 
(by permission) 

Regular option 
with Project 

(by permission) 

1 Fall One foundation 
Two core 

One foundation 
Two core 

One foundation 
Two core 

One foundation 
Two core 

2 Winter Two core 
One elective 

Two core 
One elective 

Two core 
One elective 

Two core 
One elective 

3 Spring 
(and Fall*) 

Co-op work 
term* 

Co-op work 
term* 

Two electives 
One core 

Project 
One core 

4 Fall 
(or 
Winter*) 

Two electives 
One core 

Project 
One core 

N/A N/A 

1.5.b Effect of Structure on Quality 
The first two academic terms allow students to build strong foundations in computer science, 
statistics, and optimization. This structure is particularly beneficial since students may take 
what they have learned in the first two terms and decide for their third academic term 
whether they would like to deepen their knowledge through taking elective courses or explore 
certain topics through a special project. 

In addition, the program structure gives students two terms to build their conceptual 
understanding before applying their knowledge to real-world problems they may encounter 
during their work term. The mandatory work term report will also provide students the 
opportunity to develop their presentation and writing skills, reflection, critical analysis, and 
synthesis. When students return for the final academic term, they will continue to build the 
breadth and depth of their knowledge by either taking the remaining three courses or by 
engaging with a special project supervised by a faculty member within Data Science. 
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1.6 Program Content 

The development of the MDSAI will prepare well-rounded data science and AI graduates with 
fundamental and technically integrated skill sets based on features unique to this program. 
The proposed program 1) integrates ideas and methods from computer science, statistics, and 
optimization, 2) ensures graduates receive rigorous and fundamental training making them 
more adaptable to fast-changing technology, applications, and new developments in data 
science and AI, and 3) provides important experiential learning through a co-operative work 
experience with an employer. 

To ensure all students are properly prepared to take courses in different disciplines, the 
program features two foundation courses: one in statistics (STAT 845) and one in computer 
science (CS 600). Students will be assigned to one (or neither) of these foundation courses 
depending on their backgrounds. Students will then be required to take courses in five 
different core areas from computer science, statistics, and optimization. These courses, along 
with the three electives, will build the breadth and depth of their knowledge that allows for 
interdisciplinary synthesis. The Ethics Milestone will ensure students learn to think critically 
about the legal, ethical and policy implications of new technologies. Students must be 
physically present to take courses on campus, which provides them with the opportunity to 
engage with others students having different academic backgrounds, in such a way that 
students can become learning resources for one another. 

According to the University of Waterloo’s Enrolment and Time Limits, the minimum and 
normal residence requirements for a Master’s program is two and three terms (respectively) 
of full-time enrolment. Since, we expect full-time regular and co-op students in the MDSAI to 
complete the program within three or four terms, respectively, then they will meet the normal 
residence requirements to graduate with a Master’s from the University of Waterloo. 

The courses that are likely to be taken by a large number of students in the program follow a 
standard sequence of offerings in Fall and Winter terms. All courses are graduate-level 
courses, as can be seen in Section 4 (they are all either at the 600-, 700-, 800- or 900-level). 

1.7 Mode of Delivery 

Most of the courses in the Master of Data Science and Artificial Intelligence program are 
classroom based, with two courses (CS 600 and CS 638) offered online. The Ethics Workshop 
will be offered on campus and students will need to attend in person, as their participation in 
the workshop will contribute to their final mark. Students enroll in the co-op option and are 
expected to remain in it. They also have an opportunity for a significant project in their last 
term that is the equivalent of two courses. 

The courses in the program have been either specially designed for the new data science 
specializations or the current program (CS 600, STAT 845, STAT 847, CS 658, CS 794 / CO 673) 
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or have been selected because of their obvious fit with the program’s objectives and learning 
outcomes. As presented in Table 1, all courses will build the depth and breadth of knowledge 
in computer science, optimization, and statistics. 

The MDSAI students will receive weekly announcements for a variety of seminars in the 
Faculty of Mathematics. Attending seminars will help students to become familiar with current 
research in data science and the more general disciplines of computer science, statistics, and 
optimization. 

1.8 Assessment of Teaching and Learning 

The students’ level of achievement in meeting the learning outcomes of the program will be 
evaluated in courses by using a mix of assignments, projects, reports, presentations, midterm 
exams, and a final exam or project. Although the types of evaluations will vary from year to 
year, between instructors, and the delivery of the course, Table 5 summarizes the assessments 
that may be used to evaluate whether the student has achieved the learning outcomes as 
indicated in Section 1.3 (Objectives of the Program). The assignments, projects, reports, course 
projects can be assigned individually or in groups; the latter being important for developing 
relationships with students that have different academic backgrounds, developing their 
teamwork skills, and for integrating knowledge from two or more disciplines. Projects in core 
courses will naturally be interdisciplinary. For this reason, we anticipate that even if the 
projects were assigned individually, then students will have the opportunity to practice 
different fields of thinking and/or integrate their knowledge from various disciplines. 

Table 5: Summary of teaching and learning assessments that may be used to assess the 

students’ achievement of the program’s learning outcomes. 

Learning Objectives Assessments 
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Computational 
foundations 

x x x x x x x x 

Mathematical and 
Statistical 
Foundations 

x x x x x x x x 

Working with Data x x x x x x x x 

Interdisciplinarity 
x x x x 

Depends 
on co-op 

x 

Independent 
thinking 

x x x x x x 

Professional 
development 

x x x x x x 
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As indicated in Section 4.2 (Program Regulations), the students’ performance will also be 
monitored on a term-by-term basis by the Director. Data on co-op placement and employer 
evaluations will be collected regularly to assess students’ successes in the experiential learning 
part of the program. Exit surveys will be conducted to further evaluate students’ ability to find 
employment upon graduation, and collect their feedback on the program. 

At the end of each course, the student will have the opportunity to assess the course content 
and the instructor’s delivery, thus providing feedback that can be used for future improvement 
of the course and, more generally, of the program. 

1.9 Fields in a Graduate Program (optional) 

The Master of Data Science and Artificial Intelligence program does not offer any fields. 

2 Human Resources 

Table 6 (based on the website https://uwaterloo.ca/data-science) contains a list of 31 faculty 
members from the Cheriton School of Computer Science, the Department of Combinatorics 
and Optimization, and the Department of Statistics and Actuarial Science, who are part of the 
Data Science group in the Faculty of Mathematics. 

The courses that are part of the degree requirements for this program are likely to be taught 
by faculty members from this group. In addition, students who want to replace two courses by 
a significant project would need to work with one of the faculty members in this group. As the 
program does not reside in a single academic unit but is instead a Faculty-wide program, 
faculty members in data science will provide the intellectual support for the program, and are 
also likely to be involved in the administrative oversight of the program (e.g., admission and 
steering committees). In addition, one of the Data Science faculty members will be chosen by 
the Dean to be Director of the graduate programs in Data Science and Artificial Intelligence. 
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Table 6: A summary of Faculty members in the Data Science group as divided by their units. 

Cheriton School of Computer 

Science 

Department of Combinatorics 

and Optimization 

Department of Statistics and 

Actuarial Science 

1. Shai Ben-David

2. Gordon Cormack

3. Maura Grossman

4. Jesse Hoey

5. Ihab F. Ilyas

6. Kate Larson

7. Yuying Li

8. Jimmy Lin

9. Tamer Özsu

10. Pascal Poupart

11. Peter van Beek

12. Justin Wan

13. Yaoliang Yu

1. Thomas Coleman

2. Ricardo Fukasawa

3. Jochen Koenemann

4. Laura Sanita

5. Chaitanya Swamy

6. Levent Tunçel

7. Stephen Vavasis

8. Henry Wolkowicz

1. Ryan Browne

2. Shoja'eddin Chenouri

3. Ali Ghodsi

4. Marius Hofert

5. Martin Lysy

6. Wayne Oldford

7. Matthias Schonlau

8. Stefan Steiner

9. Mu Zhu

10. Yeying Zhu

In addition to the academic support provided by the faculty members involved in the program 
through teaching and mentoring, students in this program will also receive library support 
through Rebecca Hutchison, who is the Library Liaison for Mathematics, Computer Science and 
Physics (please see Section 3.1 for more information). Information technology support for 
students in this program will be provided by the staff in the Mathematics Faculty Computing 
Facilities (MFCF, please see Section 3.3 for more information). 

Resources for Graduate Programs Only 
Together the group of Data Science faculty members covers all the areas of expertise that are 
relevant for this program, as can be seen in the following section. Significant efforts have 
already been put in place by many individuals in this group to design and teach new courses 
that were created for the Data Science specializations currently offered by the Cheriton School 
of Computer Science and the Department of Statistics and Actuarial Science. These faculty 
members publish papers in the top journals and conference proceedings in data science, AI 
and related fields, and supervise many students working in the different areas listed in Table 6. 
Hence students will have experts in data science teaching them the various courses listed in 
the program, and will therefore be exposed to the latest advances in research in the field. 

2.1.a List of Faculty by Field 

Table 7 provides a list of the 31 faculty members for this program. All three academic units are 
currently hiring new faculty members. Moreover, in both the Cheriton School of Computer 
Science and the Department of Statistics and Actuarial Science, recruitment in fields related to 
data science and artificial intelligence is a priority. 
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Table 7: A list of faculty members involved in the Data Science and Artificial Intelligence 
program, including their rank, home unit, the particular field(s) of study in which a faculty 
member is active. A single faculty member may be active in several different fields. 

Faculty Name Rank Unit 
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1 Ben-David, Shai Professor CS x

2 Browne, Ryan Assistant Professor SAS x 

3 Chenouri, Shojaeddin Associate Professor SAS x x x x 

4 Coleman, Thomas Professor CO x 

5 Cormack, Gord Professor CS x x 

6 Fukasawa, Ricardo Associate Professor CO x 

7 Ghodsi, Ali Associate Professor SAS x x 

8 Grossman, Maura Research Professor CS x 

9 Hoey, Jesse Associate Professor CS x 

10 Hofert, Marius Assistant Professor SAS x 

11 Ilyas, Ihab Professor CS x x x x 

12 Koenemann, Jochen Professor CO x 

13 Larson, Kate Professor CS x 

14 Li, Yuying Professor CS x x 

15 Lin, Jimmy Professor CS x 

16 Lysy, Martin Assistant Professor SAS x x 

17 Oldford, Wayne Professor SAS x x x x 

18 Özsu, M. Tamer Professor CS x 

19 Poupart, Pascal Associate Professor CS x x 

20 Sanita, Laura Associate Professor CO x 

21 Schonlau, Matthias Professor SAS x x 

22 Steiner, Stefan Professor SAS x x x 

23 Swamy, Chaitanya Professor CO x 

24 Tuncel, Levent Professor CO x 

25 van Beek, Peter Professor CS x x x 

26 Vavasis, Stephen Professor CO x x 

27 Wan, Justin Associate Professor CS x 

28 Wolkowicz, Henry Professor CO x x x x 

29 Yu, Yaoliang Assistant Professor CS x x x x 

30 Zhu, Mu Professor SAS x x 

31 Zhu, Yeying Assistant Professor SAS x x x x 

Total 2 1 4 10 1 1 14 1 12 1 14 
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2.1.b External Operating Research Funding 

Not applicable for coursework Masters programs. 

2.1.c Graduate Supervision 

Not applicable for coursework Masters programs. 

2.1.d Commitment of Faculty from Other Graduate Programs/Institutions 

All faculty members involved in this program are also involved in other graduate programs in 
the Faculty of Mathematics. As this is a coursework program and all Data Science faculty 
members have an active research program, they supervise students in the research-based 
programs of the Faculty of Mathematics. 

2.2 Quality of Faculty 

All members of the Data Science group have PhDs in computer science, statistics, 
mathematics, combinatorics and optimization, computer and information systems, or applied 
mathematics that are consistent with the program objectives and learning outcomes for the 
Master of Data Science and Artificial Intelligence. Many of our faculty members are cross- 
appointed with other academic units in the Faculty of Mathematics and have collectively 
taught nearly 100 graduate courses relating to data science and artificial intelligence. 

The group of faculty members supporting the program have demonstrated that they are 
leaders and innovators in their respective fields by having participated in nearly 598 
conference presentations, published 478 papers in refereed journals, published 447 papers in 
refereed conferences, authored 20 chapters and 9 books, and wrote 25 technical reports. As 
further evidence of their leadership and expertise, our faculty have been involved in 50+ 
domestic and international conferences and/or workshops related to data science as 
organizers, chairs, session leaders, or other leadership roles. Most of our faculty have several 
years of editorial experience in relevant journals related to data science and artificial 
intelligence (e.g., Journal of Statistical Computation and Simulation; Journal of Statistical 
Computation and Simulation; Journal of Finance and Data Science; Journal of Artificial 
Intelligence Research; Journal of Machine Learning; Discrete Optimization; Journal of 
Optimization Theory and Application; Computational Intelligence, etc.). Further, some of our 
faculty have international collaborations in the field of data science and artificial intelligence 
with other countries including Swaziland, Israel, United States of America, Hong Kong, United 
Arab Emirates, Qatar, the Netherlands, etc. Together, they collectively have 32 patents. 

In addition to their academic experience, the Data Science faculty are well-rounded 
researchers. Many of them have non-academic experiences that includes positions such as 
chief architect of technology, supervisor analyst, advisor, co-founder (of a startup), statistical 
software programmer, scientific advisor, and consultant. The recent launch of the Waterloo 
Artificial Intelligence Institute – sponsored jointly by the Faculty of Mathematics and the 
Faculty of Engineering – will leverage even further our faculty members’ connections with 
industry partners. 
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The background, expertise, and experiences of the Data Science faculty will contribute 
substantively to the proposed MDSAI program. Please see Volume II: Curricula Vitae of the 
Faculty for more information regarding the faculty’s background. 

3 Physical and Financial Resources 

3.1 Library Resources 

The following was prepared by Rebecca Hutchinson (Liaison Librarian for Computer Science 
and Statistics & Actuarial Science) regarding Library Resources required for the MDSAI; 
reviewed by Jennifer Haas (Department Head, Information Services and Resources); and 
approved by Nick Richbell (Strategic Area Lead, Collection Lifecycle Management) and Beth 
Sandore Namachchivaya (University Librarian). 

3.1.a Level of support summary 

The Library provides a high level of support for the existing graduate courses offered through 
the School of Computer Science and the Department of Statistics & Actuarial Science in the 
Faculty of Mathematics, and anticipates that this high level of support will extend to the 
proposed Master of Data Science and Artificial Intelligence Program. Students and faculty 
members in the proposed program will be encouraged to make use of the teaching, learning 
and research support services and expertise the Library offers. Current collection strengths 
would support the new program. No new collections are needed at this time. Should new 
subject areas emerge or if research intensity develops in subject areas currently outside of 
collection priorities, the Library is committed to engaging in discussions to articulate collection 
needs and assess funding implications. 

3.1.b Strengths of support provided 

The University of Waterloo Library curates a collection with particular strengths in computer 
science and statistics which includes research databases, full text journals, monographs, 
numeric data and government publications. Some of the resources of particular interest to 
these disciplines include IEEE, ACM, Safari Tech, CRCnetBASE and MathSciNet. Texts on data 
science and big data in general have been collected as appropriate since 2003 to the 
Instructional Level4. The subject components of the new courses created for the Data Science 
specialization include: data sources, databases, and data management; statistics and machine 
learning; distributed and parallel systems; and optimization. All of these subjects are collected 
to the Research Level5 and are well represented in the collection. In addition to the local 
collection, the University of Waterloo Library partners with other Ontario and Canadian 
universities to further expand access to computer science, statistics, and data science 
resources. Such collaborations include the Tri-University Group consortium (University of 

4 supports undergraduate study

5 includes major published source materials required for master’s degree program, doctoral study and 

independent research
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Waterloo, University of Guelph, Wilfrid Laurier University), the Ontario Council of University 
Libraries (OCUL) and the Canadian Research Knowledge Network (CRKN). 

The Computer Science and Statistics & Actuarial Science Liaison Librarian is available to 
provide research, teaching and learning support for graduate students and faculty. 
Instructional support includes the development of online modules and research guides as well 
as the preparation of classroom sessions and outcomes-based workshops. For example, the 
Librarian provides literature survey workshops for Faculty of Mathematics graduate students. 
These department specific workshops provide students with an understanding of how 
research is disseminated, the significance of the literature survey portion of their papers, how 
to create a comprehensive search, and how to determine scientific impact. The Librarian also 
offers research consultations with individuals to support coursework, research publications, 
research data management, meeting open access requirements, and copyright. 

5.1.a More information 

The Library would be happy to be meet with the program reviewers to discuss this report and 
answer their questions. For additional information about University of Waterloo Library and 
the support it provides for programs, please visit https://uwaterloo.ca/library/about/policies- 
and-guidelines/support-academic-programs. 

5.2 Laboratory Resources 

Students will not need laboratory resources. 

3.3 Computer Facilities 

All faculty and graduate students are provided with an account on the University computing 
system and the Mathematics Faculty Computing Facility (MFCF) systems. The former gives 
them access to email, internet, the University Library, five terabytes of cloud storage and other 
on-campus platforms related to courses and education. The MFCF systems give students and 
faculty access to specialized software and compute-servers. The servers include several high- 
performance Linux clusters and two GPU computing systems. The software includes Matlab, 
Maple, Python, R, Sage, Julia, and CPLEX as well as web-based software development hosted 
with Jupyter.  These resources are accessible either from student and faculty members' 
laptops or through thin-client workstations that will be provided in the proposed lounge and 
lab space. 

3.4 Space 

The Faculty of Mathematics has committed to provide a computer lab for students enrolled in 
this program and the MMath in Data Science that is proposed in parallel. This will be located in 
either new space to be acquired over the next three to five years, or in space currently owned 
by the Faculty which will be re-purposed for this program. For the proposed Master of Data 
Science and Artificial Intelligence coursework program, a combination lounge/lab with seating 
for 10 shared by the students is needed. This space will be set up in a way that complies with 
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the Council of Ontario Universities Space Guidelines. In addition, the Data Science programs 
will require an office for each of the Graduate Director and Graduate Coordinator. 

3.5 Financial Support 

The students in this coursework option will not receive financial support. 

We recognize that the financial cost to the student enrolled into the coursework option is 
higher than that for a student in the research thesis program. However, we do not anticipate 
that many students would enroll into the research thesis program with the intention of 
switching to the coursework program later on. First, admission into the thesis option requires 
to find a supervisor willing to take the student on, which requires a non-negligible amount of 
effort and commitment from the student. Further, coursework students are required to take 
nine courses whereas research thesis students are required to take four. Even if a research 
thesis student has completed their four courses, if they should switch to the coursework 
program, then they will likely need to be enrolled into the program for at least two terms to 
complete all the required courses (note: the coursework program is three terms in length, not 
including co-op), meaning that they would still end up paying the higher tuition for at least five 
additional courses. As is the case for the students who started from the beginning in the 
coursework coop program, students transferring from the thesis to the coursework program 
would have access to income from their co-op work term to mitigate the increased costs of the 
coursework program. 

The Faculty also recognizes that the high tuition may prevent some students with less financial 
resources to take part in the program. To alleviate this potential issue, the Faculty of 
Mathematics will set up a number of bursaries to support talented students in need.   The 
value and number of the bursaries will be reviewed periodically to take into account the level 
of fees, the number of enrollments, the mix of the students applying, and the availability of 
industry-supported scholarships. Initially, the Faculty will support 2 or 3 bursaries of $17,500, 
an amount consistent with other scholarships for students enrolled in AI-related programs 
(e.g., Vector Institute scholarships).  

4 Curriculum 

4.1 The Intellectual Development and the Educational Experience of the Student 

The program is carefully designed so that upon graduation, students will have developed into 
rigorously trained Data Scientists who understand not just “how” a method or algorithm can 
be applied to a certain problem, but also “why” this method works. The interdisciplinary 
nature of the program will allow students to gain a deep understanding of how computer 
science, optimization, and statistics can be used together to solve practical problems. The 
courses included in the program will also ensure that students have reached the desired 
learning outcomes and ultimately the program objectives. 

In addition to the required coursework, the MDSAI students will be on the mailing list to 
receive announcements for research seminars taking place in the Faculty of Mathematics. 
Attending seminars will allow students to become familiar with current research in data 
science and other related disciplines. 
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The role of co-op within the program is also important in enhancing the student experience 
and reinforcing the program objectives as well as the learning outcomes. Co-op provides a 
unique experiential learning experience in that it allows students the opportunity to apply the 
materials they have learned in courses, which increases the effectiveness of their learning. 
Since students can anticipate that they will need to do a work term, the weight of this 
“milestone” will increase the student’s engagement that leads to the development of skills 
required for lifelong learning. 

To further support their educational experience, students will have access to resources in the 
Faculty of Mathematics such as the Math Faculty Computing Facility and the Math Graduate 
Student Association. Services relevant to Math graduate students will be highlighted during 
the Math Graduate Orientation as well as the MDSAI student handbook, which will be created 
in the Fall 2018. 

Students will also be encouraged to take advantage of the resources and services that are 
available to all UW students such as: AccessAbility Services, Centre for Career Action, Centre 
for Teaching Excellence, Counselling Services, GRADventure, Graduate Student Association, 
Health Services, Student Success Office, Velocity, the Writing and Communication Centre, etc. 
In particular, the Centre for Career Action and Velocity will be of significance to our students as 
these resources have workshops regarding searching and applying for meaningful work 
experiences, as well as building entrepreneurial skills. 

Since students within the MDSAI program are not research-based, there are no provisions of 
funding for travel to conferences. 

4.2 Program Regulations 

Please refer to Section 1.4 (Admission Requirements) and Section 4.4 (Curriculum) for details 
regarding the admission standards and policies as well as courses required by the student to 
complete the program, respectively. 

The MDSAI is a nine-course program. Students enroll in the co-op option, but can transfer into 
the regular option after one term, and with approval of the Director. The regular option is 
expected to be chosen only when students already have a job to which they plan to return 
upon graduation, or in the unlikely event that they are unable to find a job to fulfill the work 
term requirement of the co-op option. We expect most students to enroll full-time (see 
Section 4.3 about part-time studies). Normally, three courses are taken in each study term. 
Students in the regular stream can therefore complete the program in three terms (12 
months). Once in the program, full-time students may apply to replace two courses in the 
final term of the program by a significant project, with corresponding courses DS 701 and DS 
702. This project requires approval by the Director and at least one of the Data Science faculty
members must supervise the student. Upon completion, the supervisor and a second reader
will assess the project and assign a grade. As this program is coursework only, there is no
need for a thesis evaluation procedure.

Students also take part in co-op, which is managed through the Co-operative Education 
Department (CED), with the support of the Centre for Career Action (CCA), which provides 
training and individual student advising services. CED will help prepare students for their first 
work term by holding preparatory workshops. Students will also have access to the
WaterlooWorks job database to search and apply for jobs. Furthermore, CED’s International 
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team will ensure students receive the required paperwork and guidance to apply for co-op 
related work permits prior to their arrival on campus. Before a student is allowed to go for 
their work term, they are required to complete five courses successfully including the 
foundation course(s). Students may be required to take additional professional courses 
offered by CED in the Fall and Winter term. During the Winter term, they will apply for their 
Spring work placement. Normally only a single work term is to be taken as part of the degree 
requirement, but longer employment at the same employer (up to 8 months) may be 
arranged with the permission of the Director. 

Students must also complete an Ethics Milestone, by participating to a 3-day workshop on 
“Ethics in Data Science and Artificial Intelligence” that will be offered in the Fall term and 
scheduled to avoid conflicts with other courses. Alternatively, they can take and pass the 
course CS 798 Advanced Research Topics on “Artificial Intelligence: Law, Ethics, and Policy’’. 

In order to remain in good academic standing, students must maintain an average of 75% and 
a minimum grade of 70% in all of their courses. Progress reports are not required; however, 
the Director will review students’ overall average every term. Students whose average falls 
below the program’s minimum requirements may be required to withdraw from the program. 
The procedure described in the University Calendar to handle such cases will be followed, with 
details provided in the MDSAI student handbook. The minimum average required by the 
program is higher than the university’s minimum requirement (70%). 

4.3 Part-time Studies 

Students must enroll full-time. They may only be allowed to study part-time if they transfer to 
the regular option, and with the permission of the Director. It should also be noted that the 
course offerings are not designed for part-time studies. With the exception of CS 600 and CS 
638 which are offered online, all other courses will be delivered in-person and on campus. 
These courses are not typically available during the evenings or weekends, and are not 
delivered in concentrated modules. 

4.4 Curriculum 

The University of Waterloo has a minimum full-time enrolment period of two terms for 
Masters students, which will clearly be met by students in this program. All students in this 
program will begin in the Fall term (when foundation courses are offered) and continue in the 
Winter (when two core courses are offered). 

Students will take one foundation course, five core courses, and three elective courses. Each of 
these courses has a weight of 0.5 credit. The foundation and core courses allow the students 
to build breadth and depth in the components that constitute data science.  The electives 
serve to provide more detailed understanding of a topic, broaden their base, or become more 
knowledgeable in a given application domain. Table 4 in Section 1.5.a (Structure) outlines the 
expected course sequence for regular and co-op students. 

The degree requirements for this program are as follows: 
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Foundation 
Students are expected to take at most one of the following two courses foundational 
courses depending on their undergraduate major: 

1. CS 600 Fundamentals of Computer Science for Data Science (designed for non-CS
major background students) 

2. STAT 845 Statistical Concepts for Data Science (designed for non-STAT major
background students)

Core 
All students are required to take common core courses: 

1. STAT 847 Exploratory Data Analysis
2. One of

a. CS 651 Data-Intensive Distributed Computing (designed for CS major
background students), or

b. CS 631 Data-Intensive Distributed Analytics (designed for non-CS major
background students).

3. One of
a. STAT 841 Statistical Learning: Classification
b. STAT 842 Data Visualization
c. STAT 844 Statistical Learning: Function estimation

4. One of
a. CS 638 Principles of Data Management and Use
b. CS 648 Database Systems Implementation
c. CS 680 Introduction to Machine Learning
d. CS 685 Machine Learning Theory: Statistical and Computational Foundations

5. One of
a. CO 602 / CS 795 Fundamentals of Optimization
b. CO 673 / CS 794 Optimization for Data Science
c. CO 663 Convex Optimization and Analysis

Milestones 
1. Ethics Workshop: Students must complete a 3-day workshop on “Ethics in Data Science and

Artificial Intelligence” that will be offered in the Fall term. Alternatively, students can complete
the course CS 798 Advanced Research Topics on “Artificial Intelligence: Law, Ethics and Policy”.

2. Graduate Studies Work-Term Report (Co-op option only):  Students in this program must
complete one work term, which is expected to take place in their third term. They are then
expected to return to campus for a final study term. In order for students to complete the work
report, they must have had a work placement and receive at least a satisfactory evaluation for
their co-operative education term. Students are encouraged to complete COOP 601 Career
Success Strategies in the term before the start of their work term.

Elective courses 
Students must take enough additional elective courses to fulfill the 9-course requirement. 
These courses must normally be taken from the following list of selected graduate 
courses. Courses not on the list are subject to the approval of the Graduate Director. 

● CO 602 / CS 795 Fundamentals of Optimization
● CO 673 / CS 794 Optimization for Data Science
● CO 650 Combinatorial Optimization
● CO 663 Convex Optimization and Analysis
● CO 769 Topics in Continuous Optimization6
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● CS 648 Database Systems Implementation
● CS 654 Distributed Systems
● CS 680 Introduction to Machine Learning
● CS 685 Machine Learning Theory: Statistical and Computational Foundations
● CS 686 Introduction to Artificial Intelligence
● CS 740 Database Engineering
● CS 741 Parallel and Distributed Database Systems
● CS 743 Principles of Database Management and Use
● CS 786 Probabilistic Inference and Machine Learning

● CS 798 Advanced Research Topics7
 

● CS 848 Advanced Topics in Databases7

● CS 856 Advanced Topics in Distributed Computing7

● CS 885 Advanced Topics in Computational Statistics7

● CS 886 Advanced Topics in Artificial Intelligence7

● STAT 840 Computational Inference
● STAT 841 Statistical Learning: Classification
● STAT 842 Data Visualization
● STAT 844 Statistical Learning: Function estimation
● STAT 946 Topics in Probability and Statistics71

● DS 701/702 Data Science Project 1 & 28
 

The particular foundation courses that students will take may vary depending on the student’s 
background as determined by the Director. Should students have insufficient background, 
then the Director will indicate to students in their admission letter whether remedial courses 
are required, in which case students may be admitted on a probationary basis. 

The following summarizes examples of courses that students are exempt from or require to 
take depending on their background: 

● Students with a Bachelor's degree with a major in Computer Science, equivalent to
the University of Waterloo's BMath or BCS (Computer Science), would normally be
exempt from CS 600;

● Students with a Bachelor's degree in Statistics, equivalent to the University of
Waterloo's BMath (Statistics), would normally be exempt from STAT 845.

● Students who have an honours degree equivalent to the University of Waterloo's
BMath or BCS (Data Science), would normally be exempt from both foundation
courses.

● Students deemed to have sufficient relevant senior level undergraduate courses in
both areas may at the discretion of the Graduate Director be exempted from both
foundations course;

● Exemption from any foundation course does not count as a course taken.

Finally, we note that students are required to take an optimization course as part of the core. 
The course CO 602/CS 795 is accessible to students who may not have the mathematical 

7CO 769, CS 798, CS courses at the 800 level, and STAT courses at the 900 level should be on a topic in Data Science or 

Artificial Intelligence; they are subject to the approval of the Graduate Director. 
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background required to directly take more advanced optimization courses offered in the 
Combinatorics and Optimization department, and will provide them with the background 
needed should they wish to take these more advanced courses as part of their electives. 

4.5 Collateral and Supporting Departments 

The units involved in operating this program (teaching and graduate advising) are the Cheriton 
School of Computer Science, the Department of Combinatorics & Optimization, and the 
Department of Statistics & Actuarial Science. 

All three units have approved the program: C&O approved the program at departmental 
meeting held on March 9, 2018; Computer Science approved the program at a School Council 
meeting held on March 14, 2018, and SAS approved the program at a departmental meeting 
held on March 23, 2018. 

4.6 Organizational Structure 

Because this program is not offered in a single academic unit but is instead supported by three 
units, it will operate as a Faculty-based program, similar to the Master of Mathematics in 
Computational Mathematics. 

The Dean appoints the undergraduate and graduate Directors of Data Science and a steering 
committee for Data Science. The steering committee will have at least one voting member 
from each of the three units. The positions for undergraduate and graduate Directors may be 
occupied by the same individual. 

A full-time graduate coordinator will be hired to support the two graduate programs. Figure 1 
summarizes the organizational chart for Data Science. 

Figure 1: Administrative organization of the Data Science programs within the University of 
Waterloo. 

In the future, any revisions for the program would need to go through the relevant units and 
then to the Faculty Council for approval. 
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5 Projected Enrollment 

It is expected that the program will admit 30 students per year for the first three years and 
ramping up to 40 students per year after 7 years (Table 8). The enrollment will be split roughly 
50% domestic, 50% international. (This projected balance between domestic and international 
is based on extrapolating existing graduate enrollment in the Faculty.) 

Table 8: Projected Full-time Student Intake and Enrolment for Master of Data Science and Artificial 
Intelligence (FTEs) 

YEAR Fall Intake Total Fiscal Year Enrolment 

TOTAL FISCAL YEAR 

ENROLMENT Domestic International Domestic International 

2019/20 15 15 29.2 29.8 59.0 

2020/21 15 15 57.2 58.9 116.1 

2021/22 15 15 58.7 59.8 118.5 

2022/23 17 17 62.6 63.7 126.3 

2023/24 18 18 68.3 69.6 137.9 

2024/25 19 19 72.3 73.6 145.9 

2025/26 20 20 76.3 77.6 153.9 

2026/27 20 20 78.2 79.6 157.8 

2027/28 20 20 78.3 79.7 158.0 
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6 Financial Plan 

A financial viability analysis and financial plan was prepared in conjunction with 
Institutional Analysis and Planning’s Budget and Resource Planning Team based on a 
consolidation of the thesis and course-based academic streams. It was approved by the 
Provost in August, 2018. 
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1 Introduction: Learning Objectives and Outcomes 

Data Science leverages large volumes of data generated from numerous and diverse 
sources, as well as any new kind of cloud interaction as it becomes available in our 
increasingly digital world. Some of the sources generating these large volumes of 
heterogeneous and dynamically changing data are from application areas such as 
real-time market data, triangulation across social networks, personalized cancer 
treatment, internet traffic data, and many other applications that are of value in 
today’s Canadian society. 

The field of Data Science studies the application and development of methods that 
facilitate insight from available data in order to understand, predict, and improve 
business strategy, products and services, marketing campaigns, medicine, public 
health and safety, as well as numerous other pursuits. Included in Data Science are 
data-driven approaches to decision-making, inference, and exploration, which are 
now used in many disciplines and fields of study such as health sciences, social 
sciences, economics, finance, humanities, biology, etc. 

The methods of data science involve elements of statistics, computer science, and 
optimization. The needs for integrated graduate training across disciplines is acutely 
felt across all industries and is widely recognized. To quote the American Statistical 
Association statement1 on Data Science: “[a] substantial collaborative effort is 
needed for it to realize its full potential for productivity and innovation. While there 
is not yet a consensus on what precisely constitutes data science, three professional 
communities, all within computer science and/or statistics, are emerging as 
foundational to data science: (i) database management enables transformation, 
conglomeration, and organization of data resources, (ii) statistics and machine 
learning convert data into knowledge, and (iii) distributed and parallel systems 
provide the computational infrastructure to carry out data analysis”. The 
computational heart of data science is optimization. For example, the National 
Research Council 2013 report "Frontiers of Massive Data Analysis"2 labels 
optimization as a computational "giant" in the field. 

The need for highly qualified personnel in this emerging area is well-known and 
continues to grow. In particular, recently the government of Ontario has made 
significant investments to address this shortage. From the investinontario.com 

1 Amstat News, October 1 2015, http://magazine.amstat.org/blog/2015/10/01/asa-statement-on-the-role-of- 

statistics-in-data-science/ 

2 National Research Council. 2013. Frontiers in Massive Data Analysis. Washington, DC: The National Academies 

Press. https://doi.org/10.17226/18374. 
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website: ``In Ontario, we recognize that a knowledge economy is only as good as its 
talent. That's why we're strengthening our AI talent pipeline by committing to 
graduate 1,000 AI-related master's grads per year by 2023, while simultaneously 
increasing the number of annual STEM grads by 25% to over 50,000." 

To address growing global needs in this area, in the current brief we propose a new 
Master of Mathematics in Data Science (MMATH) program in the Faculty of 
Mathematics. A separate brief introduces the Master of Data Science and Artificial 
Intelligence (MDSAI) program, which is a coursework option. The distinctions 
between the two programs are as follows. First, the MMath students will partake 
directly in supervisors' funded research projects and will write a thesis, whereas 
MDSAI students will be educated primarily in the classroom. On the other hand, 
MDSAI students have the opportunity for co-op (i.e., industry internship as part of 
the degree). These distinctions exist because the programs are aimed at distinct 
career objectives. Thesis students are preparing for careers in research either in 
academia or government and industry data science laboratories, whereas MDSAI 
students are preparing for positions as analysts and developers. 

From a resource perspective, the concurrent operations of the programs has obvious 
benefits for the University. The programs are mutually supportive, sharing a 
common director and benefiting from complementary curriculum development. 

1.1 Brief Listing of the Program 

This proposed Master’s program will only be offered as a research program with a 
thesis requirement (please see the MDSAI brief for details relating to the coursework 
option). The program will be delivered on campus, with possibly one or two courses 
taught online. 

The thesis program will be a four- to six-term research program, with most student 
enrolled full-time. Studying part-time will be allowed on a case-by-case basis. The 
degree requirements will be four courses and a thesis. The tuition will be the same as 
for existing Master of Mathematics thesis programs in the Faculty of Mathematics. 

1.2 Method Used for Preparation of the Brief 

The Mathematics Graduate Office has overseen the preparation of the brief. 
Contents related to admission and degree requirements were developed by the Data 
Science Committee, which comprises members of the three units involved in the 
program. Several faculty-wide meetings were held over the period of April 2017 to 
January 2018 to provide opportunities for discussion on the Master of Mathematics 
in Data Science (thesis option). A half-day workshop was held with the Centre for 
Teaching Excellence on January 23, 2018 to 1) discuss the vision of the program, 2) to 
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develop program outcomes, 3) map the degree requirements to the Graduate Degree 
Level Expectations and 4) identify ideal attributes of graduates from the program. 

1.3 Objectives of the Program 

In its 2012-2017 Strategic Plan, the Faculty of Mathematics identified seven priority 
areas and associated goals to be pursued by 2017. These priorities and goals were 
developed with broad consultations that aligned with and complement the University 
of Waterloo’s Sixth Decade Plan (2007 - 2017), Pursuing Global Excellence: Seizing 
Opportunities for Canada. The Faculty of Mathematics has since then worked on a 
new strategic plan for the period 2018-2023, which was about to be approved by 
Faculty Council at the time where this brief was finalized. However, at the time where 
this program was developed, the 2012-2017 Plan was still in force and thus was used 
to inform its creation and design. Nevertheless, this program is also consistent with 
the upcoming 2018-2023 Plan. 

Research, graduate education, and undergraduate education are central to the 
achievement of the Faculty’s mission and vision of success. Of particular relevance to 
the proposed graduate program in Data Science, the Faculty’s strategic priorities 
including 1) providing a vibrant research environment and enriched graduate student 
experience (includes attracting the highest quality graduate students and providing 
them with the highest quality graduate education); and 2) offering leading-edge, 
dynamic academic programs. Moreover, two of the four main thrusts, which together 
formed the mission of the Faculty of Mathematics, were “to provide learning 
opportunities of unmatched breadth and depth” and “to produce graduates that are 
in worldwide demand”. The proposed graduate program in Data Science is a 
fulfillment of this vision and aligns with the strategic priorities of the Faculty. 

The proposed program described in this brief is designed to strategically leverage the 
breadth and depth of research that currently exists in the Faculty of Mathematics in 
the field of Data Science. It does so by offering an integrated and multidisciplinary 
approach to data science that can be best achieved with the three supporting 
academic units, namely the Cheriton School of Computer Science, the Department of 
Combinatorics and Optimization, and the Department of Statistics and Actuarial 
Science. Because of this unique, high-quality training, graduates of this program will 
be in high demand to fill research positions in industry or academia within Canada 
and abroad. 

Data science has been identified as a priority area for the Faculty of Mathematics by 
the Dean of Mathematics. This emphasis has resulted in a number of new academic 
credentials related to Data Science. For example, the Faculty now offers a Bachelor of 
Computer Science in Data Science hosted in the Cheriton School of Computer 
Science, and a Bachelor of Mathematics in Data Science hosted in the Department of 
Statistics and Actuarial Science. In addition, the Cheriton School of Computer Science 
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and Department of Statistical & Actuarial Science each created “specializations”' for 
data science (first cohort enrolled in September, 2017) within existing graduate 
degree programs in anticipation of (as placeholders for) the proposed programs. 

Program objectives 
The main objective of this program is to provide the best graduate education and 
research experience to students so that they may become experts in data science. 
The overarching objectives of the Master of Mathematics in Data Science are to: 

 Integrate knowledge from the fields of computer science, statistics, and
optimization, to develop expertise in the field of data science

 Learn to conduct research in the field of data science by working under the
supervision of an expert

 Reach a level of expertise in an area of data science that enables the
development of an original research contribution in a sub-field of data science

 Develop a thorough understanding of the methods and techniques used in
data science to extract relevant and important information from data

 Enable students to understand not only how to apply certain methods, but
when and why they are appropriate, so they can gain insight on how they may
be adapted to create new and improved methods

These program objectives acknowledge the interdisciplinarity of data science and the 
importance of developing strong research skills for our students. 

Learning outcomes 
To achieve the program objectives, graduates of the program should possess the 
following: 

1. Research Skills: Develop the ability to identify approaches that can be pursued
to answer a research question in a way that is consistent with the
expectations of the relevant discipline(s)

o Demonstrate solid knowledge of the existing literature on a topic
within the field of data science

o Learn to design methodologies that are needed to answer a research
question and to develop an original contribution in an area within data
science

o Develop ability to formulate interesting paths for future work that are
relevant for the chosen topic of research

2. Mathematical and Statistical Foundations: Understand the properties of the
tools used in data science and apply rigorous methods to demonstrate why
these tools work.

o Understand and derive theoretical properties of new and existing
methods involved in data science.

o Develop mathematical and statistical maturity to ensure that the
correct interpretation of data is made.
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o Demonstrate proficiency with statistical analysis of data, including
data modelling, data processing, and model interpretation

o Understand the properties of machine-learning algorithms and the
optimization techniques on which they rely

3. Computational foundations and working with data: Demonstrate
programming competency, computational, and methodological skills relevant
to the field of data science.

o Understand and learn to use computational tools to support and carry
research in data science

o Become familiar with best practices and expectations of scientific
publications regarding reproducibility of results

o Develop strong programming skills that are not code-specific.
o Develop computational maturity in order to quickly learn new

technical skills that are relevant to data science.
o Effectively organize and manage datasets.

4. Interdisciplinarity: Integrate knowledge and ways of thinking from two or
more disciplines so that students are able to approach and resolve complex
interdisciplinary problems.

o Explore how research done in one field could be efficiently transposed
to a different area of data science

o Develop an interdisciplinary approach and way of thinking about data
science that recognizes the importance of computer science, statistics,
and optimization.

o Understand and recognize how similar ideas are studied in different
domains that together from data science.

5. Independent thinking: Develop independent thinking skills allowing students
to carry out a research project.

o Develop critical and creative thinking by providing students with a
thorough immersion in the research process.

o Develop ability to “think outside the box” and determine whether
available tools can adequately answer questions or whether new tools
need to be created.

o Understand the ethical challenges associated with the issues of bias,
privacy, transparency, and accountability

o Analyze and articulate their views on legal, ethical and policy
implications of new technologies.

6. Communication Skills: Demonstrate capacity to disseminate research and
communicate with experts within a research community

o Effectively communicate problem description, methodologies used,
and conclusions in a research thesis and possibly scientific
publications.

o Develop the ability to communicate orally with peers and experts
working in the same research community in a way that is conducive to
fruitful collaborations.
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To ensure that the quality of the Master of Mathematics in Data Science is consistent 
with the expectations of university degrees in Ontario (as developed by the Ontario 
Council of Academic Vice Presidents, OCAV), the following program map was 
developed (Table 1). This program map outlines how the required courses and the 
thesis component will build the depth and breadth of knowledge within students and 
provide opportunities for them to apply their skills. Most of the required courses 
focus on developing methodological competencies. Both the courses and the thesis 
will give students the opportunity to develop their technical, professional, and 
communication skills within the field of data science. 
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Table 1: A map of the program’s course content against the Graduate Degree Level Expectations (GDLEs). Ma indicates a major contribution to the GDLE, 

Mi indicates a minor contribution, and a blank indicates no contribution. Students are required to take a minimum of four courses for degree completion. 

In addition, students that are lacking adequate background in computer sciences and statistics may be required to take CS 600 and STAT 845 (respectively) 

to ensure they have sufficient backgrounds in both fields. Neither of the remedial courses (CS 600 and STAT 845) count towards the four-course 

requirements. 

GDLE Required Courses Thesis Ethics 

Milestone 

Academic 

Integrity 

Module 

STAT 
847 

At least one course in each of the following disciplines and themes: 

CS 

651/631 

Discipline 
● CS 680/685/686/786/886
● CO 602/673/650/663
● STAT 840/841/844/946

Themes 
● Machine learning/statistical

learning/optimization
● Computer systems and

databases
● Distributed computing
● Data exploration
● Advanced Research Topics

1. Depth and breadth
of knowledge

Ma Ma Ma Ma (Depth) Ma 
(Depth) 

Ma 

2. Research and
scholarship

Mi Ma (particularly 
methodological competence) 

Ma (particularly methodological 
competence) 

Ma Ma (ii,iii) 

3. Level of application
of knowledge

Ma Ma Ma Ma Ma Mi 

4. Professional

capacity/autonomy

Mi Mi Ma (particularly, critical 
evaluation of current research 

and advanced research and 
scholarship in the discipline) 

Ma (particularly, critical 
evaluation of current research 

and advanced research and 
scholarship in the discipline) 

Mi Ma Mi 

5. Level of
communications skills

Ma Mi Ma Mi Ma 

6. Awareness of limits
of knowledge

Mi Mi Ma Mi Ma Mi 
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Table 2: Learning outcomes mapped to Master's Graduate Degree Level Expectations (GDLE) 
GDLE 1. Depth and

Breadth of

Knowledge

2. Research and Scholarship 3. Level of

Application of 

Knowledge 

Learning Outcomes A systematic 

understanding 

of knowledge 

and a critical 

awareness of 

current 

problems 

and/or new 

insights… 

A conceptual understanding and methodological 

competence that: 

On the basis of that 

competence, has shown at 
least one of the following: 

Competence in the 

research process by 

applying an existing 

body of knowledge 

into the critical 

analysis of a new 

question or of a 

specific problem or 

issue in a new 

setting. 

i) Enables a working

comprehension of how

established techniques

of research and inquiry

are used to create and

interpret knowledge in
the discipline;

ii) Enables a

critical

evaluation of

current research

and advanced

research and
scholarship…

iii) Enables a

treatment of

complex

issues and

judgments …

i) The

development

and support

of a sustained

argument in

written form;
or

ii) 

Originality 

in the 

application 

of 

knowledge. 

Research Skills: Develop the ability to identify 

approaches that can be pursued to answer a research 

question in a way that is consistent with the 
expectations of the relevant discipline(s) 

Ma Ma Ma Ma Ma Ma Ma 

Mathematical and Statistical Foundations: 

Understand the properties of the tools used in data 

science and apply rigorous methods to demonstrate 

why these tools work. 

Ma Ma Ma Ma Mi Ma 

Computational foundations and working with data: 

Demonstrate programming competency, 

computational, and methodological skills relevant to 
the field of data science. 

Ma Ma Mi Ma 

Interdisciplinarity: Integrate knowledge and ways of 

thinking from two or more disciplines so that students 

are able to approach and resolve complex 

interdisciplinary problems. 

Mi Ma 

Independent thinking: Develop independent thinking 

skills allowing students to carry out a research 

project. 

Mi Ma Ma Ma Ma 

Communication Skills: Demonstrate capacity to 

disseminate research and communicate with experts 

within a research community 

Ma 
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Table 2 (continued): Learning outcomes mapped to Master's Graduate Degree Level Expectations (GDLE) 
GDLE 4. Professional Capacity/Autonomy 5. Level of

Communications 

Skills 

6. Awareness of

Limits of Knowledge 

Learning Outcomes a. The qualities and

transferable skills necessary for
employment requiring:

b. The

intellectual

independenc

e required for

continuing

professional

development;

c. The ethical behavior

consistent with

academic integrity and

the use of appropriate

guidelines and

procedures for

responsible conduct of

research; and

d. The ability

to appreciate 

the broader 

implications of

applying

knowledge to

particular

contexts.

The ability to 

communicate ideas, 

issues and 

conclusions clearly. 

Cognizance of the 

complexity of 

knowledge and of the 

potential contributions 

of other 

interpretations, 

methods, and 

disciplines. 

i) The exercise of

initiative and of 

personal

responsibility and
accountability;

ii) 

Decision- 

making in 

complex 
situations; 

Research Skills: Develop the ability to 

identify approaches that can be pursued to 

answer a research question in a way that is 

consistent with the expectations of the 
relevant discipline(s) 

Ma Mi Ma Mi Ma 

Mathematical and Statistical Foundations: 

Understand the properties of the tools used 

in data science and apply rigorous methods 
to demonstrate why these tools work. 

Mi Mi Mi Ma 

Computational foundations and working 

with data: Demonstrate programming 

competency, computational, and 

methodological skills relevant to the field of 
data science. 

Mi 

Interdisciplinarity: Integrate knowledge 

and ways of thinking from two or more 

disciplines so that students are able to 

approach and resolve complex 

interdisciplinary problems. 

Mi Mi Ma 

Independent thinking: Develop independent 

thinking skills allowing students to carry out 

a research project. 

Ma Ma Ma Ma 

Communication Skills: Demonstrate capacity 

to disseminate research and communicate 

with experts within a research community 

Ma Ma Ma Ma Ma 
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1.4 Admission Requirements 

Applicants will normally have an Honours Bachelor’s degree in data science, 
computer science, statistics, mathematics or a related field, with a minimum B+ 
(78%) average from a recognized university. In addition, applicants will also have a 
background in calculus, linear algebra, statistics, and computer science.  Experience 
at the senior level in both computer science and statistics courses is preferred, but 
not required. Experience at the senior level in at least one of computer science or 
statistics is required. Applicants lacking in background may be admitted on probation 
and required to take and earn a grade of at least 78% in specified qualifying courses. 

Applicants will also need to meet the University of Waterloo's English Language 
Proficiency requirements (as detailed in the Graduate Calendar). 

Two foundation courses in statistics (STAT 845: Statistical Concepts for Data Science) 
and computer science (CS 600: Fundamentals of Computer Science for Data Science), 
are available to provide students missing prerequisites from their Bachelor's degree 
with the appropriate background to successfully complete the courses required for 
the MMath. These two foundation courses will not be counted toward the four- 
course degree requirement. 

1.5 Program Structure 

1.5.a Structure 

In the proposed program, students will have to take at least four courses that cover 
the core components of data science and complete a thesis. The completion of these 
courses meet the University of Waterloo’s minimum requirements for a master’s 
degree (four one-term courses of 0.5 unit weight each, or 2.0 unit weight total). 

Of the four courses, three must be chosen from lists focused on a specific topic within 
data science, namely, data exploration, distributed computing, or machine learning. 
These courses serve to deepen and widen the students’ backgrounds. The fourth 
course provides students the opportunity to explore new topics and/or deepen their 
understanding in a particular topic. The thesis allows students to develop deeper 
knowledge, exhibit their understanding, and demonstrates their capabilities within 
the field of data science. The thesis also allows the student to identify and grapple 
complex issues critically, independently, and creatively while supervised by an expert 
in the field. 

Normally, students will take one or two courses each term until they have completed 
their required courses. This course load is reasonable given that students will have 
other commitments such as the research for their thesis and/or their work as 
teaching assistants. 
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As part of the degree requirement, students must maintain an average of 75% in 
their courses. As is the case for all students at the University of Waterloo, they also 
need to complete the Academic Integrity Module by the end of their first term. 
Students also need to complete an Ethics Milestone, by either taking a course on this 
topic as one of their electives, or by completing a three-day workshop entitled “Ethics 
in Data Science and Artificial Intelligence” that will be offered in the Fall term. More 
information regarding the program requirements are outlined in Section 2 and 3 
(Human Resources and Physical and Financial Resources, respectively). 

1.5.b Effect of Structure on Quality 
The duration of the program offers students flexibility to build strong foundations in 
computer science, statistics, and optimization in a course setting and to develop 
further depth and expertise through their thesis research. This structure is 
particularly beneficial since students may develop their foundational skills at the 
same time as their research skills, and can then apply their newly acquired 
knowledge into their thesis. 

1.6 Program Content 

The Master of Mathematics in Data Science has been developed to prepare well- 
rounded Data Scientists through several unique facets built into the program. More 
precisely, the proposed program is unique in that it 1) integrates ideas and methods 
from computer science, statistics and optimization, 2) offers the student an 
opportunity to do research with experts in their field, 3) ensures graduates receive 
rigorous training allowing them to easily adapt to fast-changing technologies and 
developments in data science. 

To ensure all students are properly prepared to take courses in different disciplines, 
the program features two foundation courses: one in statistics (STAT 845) and one in 
computer science (CS 600). When they are admitted in the program, students will be 
assigned to one (or neither) of these foundation courses depending on their 
background. Students will then be required to take four courses in different core 
areas. The Ethics Milestone will ensure students learn to think critically about the 
legal, ethical and policy implications of new technologies. 

According to the University of Waterloo’s Enrolment and Time Limits, the minimum 
and normal residence requirements for a master’s program is two and three terms 
(respectively) of full-time enrolment. Since we expect our thesis students to 
complete their program in four to six terms, they will meet the normal residence 
requirements to graduate with a master’s degree from the University of Waterloo. 

The courses that are likely to be taken by a large number of students in the program 
follow a standard sequence of offerings in Fall and Winter terms. All courses are 
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graduate-level courses (600-, 700-, 800- or 900-level), and more information are 
detailed in Section 4 (Curriculum). 

1.7 Mode of Delivery 

Courses: Most of the courses in the Master of Mathematics in Data Science program 
are classroom based, with two courses (CS 600 and CS 638) offered online. The Ethics 
Workshop will be offered on campus and students will need to attend in person, as 
their participation in the workshop will contribute to their final mark. The courses in 
the program have been either specially designed for the data science specializations 
that were introduced in the Fall 2017 term, or have been selected because of their 
obvious fit with the objectives and learning outcomes. As presented in Table 1, all 
courses will build the depth and breadth of knowledge in computer science, 
optimization, and statistics. 
Seminars: The Master of Mathematics in Data Science students will receive weekly 
announcements for a variety of seminars in the Faculty of Mathematics. Attending 
seminars will help students to become familiar with current research in data science 
and the more general disciplines of computer science, statistics, and optimization. 
Thesis: The thesis will allow the student the opportunity to conduct research under 
the supervision of a faculty member. This component of the program will meet the 
intended program objectives and learning outcomes by enabling the student to 
develop a deeper understanding of a specific topic, and synthesize new knowledge. 
The thesis will be a document that includes an introduction, research content, a 
conclusion, and a bibliography. The research must be novel and original as in all 
existing MMath thesis programs. Upon completion, the student will present their 
work to their supervisor and two readers, who will assess the project and approve 
the thesis (or not). The Faculty of Mathematics MMath thesis procedure provides 
additional details regarding the thesis process. See Section 4.4 (Curriculum) for more 
information regarding the thesis. 

1.8 Assessment of Teaching and Learning 

Students’ level of achievement in meeting the learning outcomes of the program will 
be evaluated in courses (e.g., assignments, projects, reports, presentations, midterm 
exams, and a final exam or project) and through their thesis. The thesis will be 
evaluated by the supervisor and two readers to ensure that the student’s work has 
met the academic standards at the University. As indicated in Section 4.2 (Program 
Regulations), students’ performance will be monitored by their supervisor and the 
Director on a term-by-term basis. 

Although the types of evaluations used in courses will vary from year to year, 
between instructors, and the delivery of the course, Table 3 summarizes the 
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assessments that may be used to evaluate whether the student has achieved the 
learning outcomes as indicated in Section 1.3 (Objectives of the Program). The 
assignments, projects, reports, course projects can be assigned individually or in 
groups; the latter being important for developing relationships with students that 
have different academic backgrounds, developing their teamwork skills, and for 
integrating knowledge from two or more disciplines. Projects in core courses will 
naturally be interdisciplinary. For this reason, we anticipate that even if the projects 
were assigned individually, then students will have the opportunity to practice 
different fields of thinking and/or integrate their knowledge from various disciplines. 

Table 3: Summary of teaching and learning assessments that may be used to assess 
the students’ achievement of the program’s learning outcomes. 

Learning 

Objectives 
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Research Skills x x x x 

Mathematical 

and Statistical 
Foundations 

x x x x x x x 

Computational 

Foundations 
x x x x x 

Interdisciplinarity 
x x x x 

Depends 
on thesis 

Independent 

thinking 
x x x x x 

Professional 
development 

x x x x x 

1.9 Fields in a Graduate Program (optional) 

The Master of Mathematics in Data Science program does not offer any fields. 

2 Human Resources 

Table 4 below contains a list of 31 faculty members from the Cheriton School of 
Computer Science, the Department of Combinatorics and Optimization, and the 
Department of Statistics and Actuarial Science, who are part of the Data Science 
group in the Faculty of Mathematics. Among the group, 30 out of 31 are regular 
faculty members in the Faculty of Mathematics, and one is a Research Professor 
specializing in Ethics in Artificial Intelligence. These 31 individuals are the core faculty 
members for this program (as listed in Table 5). 
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Table 4: A summary of faculty members in the Data Science group as divided by their units. 

Cheriton School of 
Computer Science 

Dept. of Combinatorics 
and Optimization 

Dept. of Statistics 
and Actuarial Science 

1. Shai Ben-David
2. Gordon Cormack
3. Maura Grossman
4. Jesse Hoey
5. Ihab F. Ilyas
6. Kate Larson
7. Yuying Li
8. Jimmy Lin
9. Tamer Özsu
10. Pascal Poupart
11. Peter van Beek
12. Justin Wan
13. Yaoliang Yu

1. Thomas Coleman
2. Ricardo Fukasawa
3. Jochen Koenemann
4. Laura Sanita
5. Chaitanya Swamy
6. Levent Tunçel
7. Stephen Vavasis
8. Henry Wolkowicz

1. Ryan Browne
2. Shoja'eddin Chenouri
3. Ali Ghodsi
4. Marius Hofert
5. Martin Lysy
6. Wayne Oldford
7. Matthias Schonlau
8. Stefan Steiner
9. Mu Zhu
10. Yeying Zhu

Of the 31 faculty members, 18 are Professors, five are Assistant Professors, and 
seven are Associate Professors. As mentioned above, the list also includes a Research 
Professor. All regular faculty members, except two, have the Approved Doctoral 
Dissertation Status (ADDS), where they have demonstrated advisory qualifications 
and are given the privilege to be the sole supervisor of a PhD student (Table 3). The 
remaining two faculty members are limited to sole supervision of Master’s students 
and co-supervision of doctoral students until they qualify for ADDS. With more than 
two dozen full-time faculty members that specialize in various fields within data 
science, the program will have sufficient numbers of quality experts who are able to 
teach and supervise students within the program. 

Volume II of the proposed brief (Curricula Vitae of the Faculty) includes a list of 
courses that the faculty have taught which are relevant to data science. 

In addition to the academic support provided by the faculty members involved in the 
program through teaching and mentoring, students in this program will also receive 
library support through Rebecca Hutchison, who is the Library Liaison for 
Mathematics, Computer Science and Physics (please see Section 3.1, Library 
Resources, for more information). 

Resources for Graduate Programs Only 
Together the group of Data Science faculty members covers all the areas of expertise 
that are relevant for this program. Significant efforts have already been put in place 
by many individuals in this group to design and teach new courses that were created 
for the Data Science specializations currently offered by the Cheriton School of 
Computer Science and the Department of Statistics and Actuarial Science. These 
faculty members frequently publish papers in top journals and conference 
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proceedings in data science and related fields, and supervise many students working 
in the different areas listed in Table 3. As a result, students will have experts in data 
science teaching them the various courses listed in the program, and will therefore 
be exposed to the latest advances in research in the field. They will also benefit from 
the expertise of their chosen supervisor(s) to guide their thesis research. 

2.1 Faculty, Research Funding, and Graduate Supervision 

2.1.a List of Faculty by Field 

All members of the Data Science group are core faculty who are expected to be 
involved in thesis supervision. In addition, all our faculty have PhDs (e.g., computer 
science, statistics, mathematics, combinatorics and optimization, computer and 
information systems, applied mathematics, etc.) that are consistent with the program 
objectives and learning outcomes for the Master of Mathematics in Data Science 
(please see Volume II: Curricula Vitae of the Faculty). Many of our faculty members 
are cross-appointed within other academic units in the Faculty of Mathematics. 

All three academic units are currently hiring new faculty members. Moreover, 
recruitment in fields related to data science is a priority for both the Cheriton School 
of Computer Science and the Department of Statistics and Actuarial Science. 

Of the three categories (see below), 30 out of the 31 faculty members in data science 
fall under Category 2 where they are involved in teaching and/or supervision in this 
program as well as other graduate programs, and one of them (who is a Research 
Professor) is in Category 3: 

● Category 1: tenured or tenure-track faculty members whose graduate involvement
is primarily in the graduate program under review. For this purpose, the masters
and doctoral streams of a program are considered as a single program.
Membership in the graduate program, not the home unit, is the defining issue.

● Category 2: tenured or tenure-track faculty members who are involved in teaching
and/or supervision in other graduate programs in addition to participating in the
graduate program under review.

● Category 3: other participating faculty: this category may include those
participating in teaching graduate courses on a regular basis, continuing lecturers,
emeritus professors with supervisory privileges and/or persons appointed from
government laboratories or industry as adjunct professors. For professionals
programs this may include on-going contract faculty. Please explain who would fall
into this category at your institution.

Although the proposed program does not have any particular fields of study, Table 5 
identifies the fields within data science that faculty members have self-identified to 
be conducting active research. This summary indicates that our researchers have 
ideal expertise in teaching and supervising students within the field of data science. 
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Table 5: A list of faculty members involved in the Data Science program, including their 
rank, home unit, the particular field(s) of study in which a faculty member is active. 

Faculty Name Rank Unit 

Field of study 
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1 Ben-David, Shai Professor CS x 

2 Browne, Ryan Assistant Professor SAS x 

3 Chenouri, Shojaeddin Associate Professor SAS x x x x 

4 Coleman, Thomas Professor CO x 

5 Cormack, Gord Professor CS x x 

6 Fukasawa, Ricardo Associate Professor CO x 

7 Ghodsi, Ali Associate Professor SAS x x 

8 Grossman, Maura Research Professor CS x 

9 Hoey, Jesse Associate Professor CS x 

10 Hofert, Marius Assistant Professor SAS x 

11 Ilyas, Ihab Professor CS x x x x 

12 Koenemann, Jochen Professor CO x 

13 Larson, Kate Professor CS x 

14 Li, Yuying Professor CS x x 

15 Lin, Jimmy Professor CS x 

16 Lysy, Martin Assistant Professor SAS x x 

17 Oldford, Wayne Professor SAS x x x x 

18 Özsu, M. Tamer Professor CS x 

19 Poupart, Pascal Associate Professor CS x x 

20 Sanita, Laura Associate Professor CO x 

21 Schonlau, Matthias Professor SAS x x 

22 Steiner, Stefan Professor SAS x x x 

23 Swamy, Chaitanya Professor CO x 

24 Tuncel, Levent Professor CO x 

25 van Beek, Peter Professor CS x x x 

26 Vavasis, Stephen Professor CO x x 

27 Wan, Justin Associate Professor CS x 

28 Wolkowicz, Henry Professor CO x x x x 

29 Yu, Yaoliang Assistant Professor CS x x x x 

30 Zhu, Mu Professor SAS x x 

31 Zhu, Yeying Assistant Professor SAS x x x x 

Total 2 1 4 10 1 1 14 1 12 1 14 
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2.1.b External Operating Research Funding 

The following table represents the amount of funding available to support core 
faculty research and funds that are potentially available to support students’ work, 
mostly through the provision of graduate research studentship/assistantships. As 
seen in this table, over the past seven years, faculty members in Data Science have 
obtained funding and/or grants from a variety of sectors (whether internally or 
externally). 

Table 6 (7 Years) - Operating Research Funding ($) by Source and Year¹ for: Data 

Science 

Fiscal Year² Tri-Agency Public Sector and 
Non-Profit Funding 

Private Sector 
Funding 

Internal Awards Equipment Awards Total 

2011/12 $801,372 $1,166,282 $265,859 $0 $103,295 $2,336,808 

2012/13 $865,500 $1,252,891 $64,416 $0 $189,761 $2,372,568 

2013/14 $866,150 $1,141,402 $67,500 $0 $7,000 $2,082,052 

2014/15 $923,651 $1,431,956 $726,508 $0 $464,805 $3,546,920 

2015/16 $857,135 $342,349 $623,524 $15,000 $34,538 $1,872,546 

2016/17 $1,214,324 $457,721 $722,615 $15,000 $165,852 $2,575,512 

2017/18 $1,067,807 $271,116 $791,721 $0 $22,538 $2,153,182 

Totals $6,595,939 $6,063,717 $3,262,143 $30,000 $987,789 $16,939,588 

Notes: 

1. Data is reported on the primary investigator only. Table includes research awards for primary investigators identified in Table 5.
2. The fiscal year used when reporting research awards is the fiscal year used by the government. The government fiscal year runs from April 1 until March 31, 
thus the 2011/12 fiscal year runs from April 1, 2011 until March 31, 2012. 
Inclusions and Exclusions by each Award Category:

Tri-Agency - Excludes equipment grants (e.g. NSERC RTI.) 
Public Sector and Non-Profit Funding - Excludes equipment grants and internal awards (e.g. CFI, UW-RIF, UW-SSHRC). 
Private Sector - Includes funding received from Industry partners. 
Internal Awards - Includes UW-RIF and UW_SSHRC. 
Equipment Awards - Includes NSERC-RTI and CFI. 

It is worth noting that the average NSERC grant in Computer Science is significantly 
larger than in mathematics and statistics. 
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2.1.c Graduate Supervision 

Below is a summary of faculty members with supervisory experience in Data Science. 
More precisely, Table 7 includes current and completed master’s students, PhDs, and 
Post-Doctoral Fellows (PDF) by faculty members in Data Science. Over their entire 
career, Data Science faculty members have successfully supervised over 250 Master’s 
students, 92 PhD students, and 49 PDF. At the time that this brief was written, they 
currently supervise 33 master’s students, 47 PhDs, and 10 PDFs. The group of faculty 
members in Data Science includes a range of early, mid, and late-career researchers. 

We note that some faculty members in Computer Science currently have a large 
number of supervised or co-supervised PhD students, as they are in areas of very high 
demand. 
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Table 7: The number of current master’s, PhD, and PDF supervised by faculty members in 
Data Science, as well as the total number of supervisions throughout their entire career. The 
appointment type and academic unit (CO=Department of Combinatorics and Optimization; 
CS=Cheriton School of Computer Science; SAS=Department of Statistics and Actuarial 
Sciences) are as recorded in Human Resources. 

Career Current 

Faculty Name Rank 
Home 

Unit 

Master PhD PDF Master PhD PDF 

Ben-David, Shai Professor CS 7 3 0 3 4 1 
Browne, Ryan Assistant Professor SAS 6 5 0 1 0 0 
Chenouri, Shojaeddin Associate Professor SAS 18 6 0 0 3 0 
Coleman, Thomas Professor CO 9 2 0 4 2 0 
Cormack, Gord Professor CS 20 10 0 0 1 0 
Fukasawa, Ricardo Associate Professor CO 6 1 2 3 2 1 
Ghodsi, Ali Associate Professor SAS 9 5 1 3 4 0 
Grossman, Maura Research Professor CS 0 3 2 0 0 0 
Hoey, Jesse Associate Professor CS 14 2 5 8 2 2 
Hofert, Marius Assistant Professor SAS 6 0 0 0 3 1 
Ilyas, Ihab Professor CS 9 5 2 1 8 0 
Koenemann, Jochen Professor CO 10 2 10 0 2 0 
Larson, Kate (F) Professor CS 13 7 1 4 3 0 
Li, Yuying (F) Professor CS 17 8 0 4 2 0 
Lin, Jimmy Professor CS 1 4 3 0 3 0 
Lysy, Martin Associate Professor SAS 8 0 0 1 3 0 
Oldford, Wayne Professor SAS 28 5 2 3 2 0 
Özsu, M. Tamer Professor CS 37 16 4 0 4 3 
Poupart, Pascal Associate Professor CS 10 3 4 4 10 1 
Sanita, Laura Associate Professor CO 7 0 4 0 1 0 
Schonlau, Matthias Professor SAS 6 1 0 0 2 0 
Steiner, Stefan Professor SAS 11 8 2 1 1 1 
Swamy, Chaitanya Professor CO 5 2 5 3 2 0 
Tuncel, Levent Professor CO 15 7 9 0 4 1 
van Beek, Peter Professor CS 16 5 3 3 2 0 
Vavasis, Stephen Professor CO 3 14 6 1 1 0 
Wan, Justin Professor CS 32 2 0 1 2 0 
Wolkowicz, Henry Professor CO 18 10 12 1 1 1 
Yu, Yaoliang Assistant Professor CS 0 0 0 2 2 0 
Zhu, Mu Professor SAS 22 5 0 0 3 0 
Zhu, Yeying (F) Assistant Professor SAS 3 0 0 1 1 0 

2.1.d Commitment of Faculty from Other Graduate Programs/Institutions 

All faculty members involved in this program are also involved in their academic 
unit’s own existing graduate programs. 
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2.2 Quality of Faculty 

All members of the Data Science group have PhDs in in areas that are consistent with 
the program objectives and learning outcomes for the Master of Mathematics in Data 
Science. Many of our faculty members are cross-appointed with other academic units 
in the Faculty of Mathematics and have collectively taught nearly 100 graduate 
courses relating to data science. 

Among our 31 faculty, they all have demonstrated that they are leaders and 
innovators in their respective fields by having participated in nearly 598 conference 
presentations, published 478 papers in refereed journals, published 447 papers in 
refereed conferences, authored 20 chapters and 9 books, and wrote 25 technical 
reports. As further evidence of their leadership and expertise, our faculty have been 
involved in 50+ domestic and international conferences and/or workshops related to 
data science as organizers, chairs, session leaders, or other leadership roles. Most of 
our faculty have several years of editorial experience in relevant journals related to 
data science and artificial intelligence (e.g., Journal of Statistical Computation and 
Simulation; Journal of Statistical Computation and Simulation; Journal of Finance and 
Data Science; Journal of Artificial Intelligence Research; Journal of Machine Learning; 
Discrete Optimization; Journal of Optimization Theory and Application; 
Computational Intelligence, etc.). Further, some of our faculty have international 
collaborations in the field of data science and artificial intelligence with other 
countries including Swaziland, Israel, United States of America, Hong Kong, United 
Arab Emirates, Qatar, the Netherlands, etc. Together, they collectively have 32 
patents. 

In addition to their academic experience, the Data Science faculty are well-rounded 
researchers. Many of them also have non-academic experiences that includes 
positions such as chief architect of technology, supervisor analyst, advisor, co- 
founder (of a startup), statistical software programmer, scientific advisor, and 
consultant. 

The background, expertise, and experiences of the Data Science faculty will 
contribute substantively to the proposed program. Please see Volume II: Curricula 
Vitae of the Faculty for more information regarding the faculty’s background. 

3 Physical and Financial Resources 

3.1 Library Resources 

The following was prepared by Rebecca Hutchinson (Liaison Librarian for Computer 
Science and Statistics & Actuarial Science) regarding Library Resources required for 
the MMath in Data Science program; reviewed by Jennifer Haas (Department Head, 
Information Services and Resources); and approved by Nick Richbell (Strategic Area 
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Lead, Collection Lifecycle Management) and Beth Sandore Namachchivaya 
(University Librarian). 

3.1.a Level of support summary 

The Library provides a high level of support for the existing graduate courses offered 
through the School of Computer Science and the Department of Statistics & Actuarial 
Science in the Faculty of Mathematics, and anticipates that this high level of support 
will extend to the proposed Master of Mathematics in Data Science Program. 
Students and faculty members in the proposed program will be encouraged to make 
use of the teaching, learning and research support services and expertise the Library 
offers. Current collection strengths would support the new program. No new 
collections are needed at this time. Should new subject areas emerge or if research 
intensity develops in subject areas currently outside of collection priorities, the 
Library is committed to engaging in discussions to articulate collection needs and 
assess funding implications. 

3.1.b Strengths of support provided 

The University of Waterloo Library curates a collection with particular strengths in 
computer science and statistics which includes research databases, full text journals, 
monographs, numeric data and government publications. Some of the resources of 
particular interest to these disciplines include IEEE, ACM, Safari Tech, CRCnetBASE 
and MathSciNet. Texts on data science and big data in general have been collected as 
appropriate since 2003 to the Instructional Level9. The subject components of the 
new courses created for the Data Science specialization include: data sources, 
databases, and data management; statistics and machine learning; distributed and 
parallel systems; and optimization. All of these subjects are collected to the Research 
Level10 and are well represented in the collection. In addition to the local collection, 
the University of Waterloo Library partners with other Ontario and Canadian 
universities to further expand access to computer science, statistics, and data science 
resources. Such collaborations include the Tri-University Group consortium 
(University of Waterloo, University of Guelph, Wilfrid Laurier University), the Ontario 
Council of University Libraries (OCUL) and the Canadian Research Knowledge 
Network (CRKN). 

The Computer Science and Statistics & Actuarial Science Liaison Librarian is available 
to provide research, teaching and learning support for graduate students and faculty. 
Instructional support includes the development of online modules and research 
guides as well as the preparation of classroom sessions and outcomes-based 
workshops. For example, the Librarian provides literature survey workshops for 
Faculty of Mathematics graduate students. These department specific workshops 

9
supports undergraduate study 

10
includes major published source materials required for master’s degree program, doctoral study 

and independent research 
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provide students with an understanding of how research is disseminated, the 
significance of the literature survey portion of their papers, how to create a 
comprehensive search, and how to determine scientific impact. The Librarian also 
offers research consultations with individuals to support coursework, research 
publications, research data management, meeting open access requirements, and 
copyright. 

3.1.c More information 

The Library would be happy to be meet with the program reviewers to discuss this 
report and answer their questions. For additional information about University of 
Waterloo Library and the support it provides for programs, please visit 
https://uwaterloo.ca/library/about/policies-and-guidelines/support-academic- 
programs. 

3.2 Laboratory Resources 

Most students in the thesis option will not need laboratory resources. Those 
students who do require laboratory space will use laboratories provided by their 
research supervisors. For example, some data science students might sit in the new 
Data Systems Lab of the Cheriton School (Refer to the Daily Bulletin article of 2017- 
09-28.).

3.3 Computer Facilities 

All faculty and graduate students are provided with an account on the University 
computing system and either the Computer Science Faculty Computing Facility (CSCF) 
or the Mathematics Faculty Computing Facility (MFCF) systems depending on the 
affiliation of their supervisor. The University computing system gives students access 
to email, internet, the University Library, five terabytes of cloud storage and other 
on-campus platforms related to courses and education. The MFCF/CSCF systems give 
students and faculty access to specialized software and compute-servers.  The 
servers include several high-performance Linux clusters and two GPU computing 
systems. The software includes Matlab, Maple, Python, R, Sage, Julia, and CPLEX as 
well as web-based software development hosted with Jupyter. These resources are 
accessible either from student and faculty members' computers and laptops or 
through thin-client workstations that will be provided in the proposed lounge and lab 
space. Students with specialized computing needs will also use the laboratory 
facilities of their supervisors; for example, students whose supervisors belong to the 
Data Systems group of the Cheriton School will have access to the Data Systems 
Laboratory. 
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3.4 Space 

It is expected that desk space for approximately 15 additional students is needed. In 
addition, the Data Science programs will require an office for a graduate director and 
another office for a graduate coordinator. 

The Faculty of Mathematics has committed to provide a computer lab for students 
enrolled in the Master of Mathematics in Data Science, which would also have a 
lounge area available for the students from the MDSAI program, which is proposed in 
parallel. This new space will be acquired over the next three to five years or the space 
will be repurposed from the Faculty for this program. 

3.5 Financial Support 

The students are guaranteed support for the duration of the degree (at least five 
terms) on the condition that they make adequate progress and satisfactory 
performance on their assigned assistantships. The funding package will be the same 
for all students in the program, regardless of the department or school of their 
supervisor. Students in this program will be supported in a manner similar to existing 
Master of Mathematics research students, namely, a combination of federal, 
provincial, and university-level scholarships, graduate research studentships (GRS), 
Graduate research assistantships (GRA) funding from advisors, and teaching 
assistantships. 

For domestic students, a minimum amount of $8,000/term would be offered, as a 
combination of federal, provincial, and university-level scholarships/awards, graduate 
research studentship (GRA)/GRS funding from advisors, teaching assistantships (one 
per term), and other unit-level awards/scholarships. For students without a major 
award, the level of GRA/GRS/unit-level funding is expected to be around 
$3,200/term. Domestic students with an admission average of 80% or more and who 
maintain an average of 80% in the program will receive $1,000 per term via the 
Domestic Graduate Student Award funded by the Faculty of Mathematics. 

For international students, using a similar combination, a minimum amount of 
$11,333/term would be guaranteed in funding, and would require $4,500/term in 
GRA/GRS/unit-level funding. These amounts are well above the University of 
Waterloo’s minimum funding requirements. 

Full time students are able to switch to part-time studies. However, part-time 
students would no longer be eligible for funding. 

4 Curriculum 

4.1 The Intellectual Development and the Educational Experience of the Student 

The program is carefully designed so that upon graduation, students will have 
developed into rigorously trained Data Scientists who understand not just “how” a 
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method or algorithm can be applied to a certain problem, but also “why” this method 
works. The interdisciplinary nature of the program will allow students to gain a deep 
understanding of how computer science, optimization, and statistics can be used 
together to solve practical problems. The courses included in the program and 
research training culminating in the thesis will also ensure that students have 
reached the desired learning outcomes and ultimately the program objectives. 

In addition to the required coursework, the Master of Mathematics in Data Science 
students will be on the mailing list to receive announcements for research seminars 
taking place in the Faculty of Mathematics. Attending seminars will allow students to 
become familiar with current research in data science and other related disciplines. 

To further support their educational experience, students will have access to 
resources in the Faculty of Mathematics such as the Math Faculty Computing Facility 
and the Math Graduate Student Association. Services relevant to Math graduate 
students will be highlighted during the Math Graduate Orientation as well as the 
Master of Mathematics in Data Science student handbook, which will be developed 
prior to the program start. 

Students will also be encouraged to take advantage of the resources and services that 
are available to all UW students such as: AccessAbility Services, Centre for Career 
Action, Centre for Teaching Excellence, Counselling Services, GRADventure, Graduate 
Student Association, Health Services, Student Success Office, Velocity, the Writing 
and Communication Centre, etc. In particular, the Centre for Career Action and 
Velocity will be of significance to our students as these resources have workshops 
regarding searching and applying for meaningful work experiences, as well as building 
entrepreneurial skills. 

Students will be encouraged to present their research at conferences and to 
participate to graduate student seminars. Since students the Master of Mathematics 
in Data Science program is a research-based program, students will be able to apply 
for funding for travel to conferences that is available in each academic unit in the 
Faculty (provided partly from funds from the Mathematics Graduate Office) and the 
Graduate Studies and Postdoctoral Affairs. This is in addition to available funding 
from their supervisor. 

4.2 Program Regulations 

Please refer to Section 1.4 (Admission Requirements) and Section 4.4 (Curriculum) for 
details regarding the admission standards and policies as well as courses required by 
the student to complete the program, respectively. Language requirements will 
match the minimum admissions requirements by the University. Student must 
complete the University of Waterloo’s Academic Integrity module, and fulfill their 
teaching assistantships. The students enrolled in the Master of Mathematics in Data 
Science program do not have the option of participating in co-op. 
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To meet the Master of Mathematics program requirements, students are required to 
take at least four courses and complete their thesis (typically within two years or six 
terms). As mentioned in Section 3.5, financial support will be guaranteed for five 
terms. The Master of Mathematics in Data Science is distinct from the Master of Data 
Science and Artificial Intelligence (MDSAI) in that the former focuses on research and 
requires a thesis while the latter is a coursework-only master’s program. 

Students must also complete an Ethics Milestone by participating in a three-day 
workshop on “Ethics in Data Science and Artificial Intelligence” that will be offered in 
the Fall term and scheduled to avoid conflicts with other courses. Alternatively, they 
can take the course CS 798 Advanced Research Topics on “Artificial Intelligence: Law, 
Ethics, and Policy’’. 

In order to remain in good academic standing, students must maintain an average of 
75% and a minimum grade of 70% in all of their courses. Progress reports are not 
required; however, the Director will review students’ overall average every term. 
Students whose average falls below the program’s minimum requirements may be 
required to withdraw from the program. The minimum average required by the 
program is higher than the university’s minimum requirement (70%). 

For the Master of Mathematics in Data Science, students are required to write a 
research thesis. The thesis topic is to be selected with a faculty member who serves 
as the thesis supervisor. Details regarding the thesis process is outlined in Section 4.4 
(Curriculum). 

4.3 Part-time Studies 

We expect that most students will enroll full-time. Students who initially enroll full- 
time may be allowed to switch to part-time studies with the permission of the 
Graduate Director. Although the program is open to part-time students, we expect 
most students to be enrolled full-time as they would not be able to receive funding 
otherwise. In addition, most courses (except for two) are not conducive to part-time 
studies as they are available on campus only, are not typically available during the 
evenings or weekends, and are not delivered in concentrated modules. 

4.4 Curriculum 

The University of Waterloo has a minimum full-time enrolment period of two terms 
for master’s students, which will clearly be met by students in this program. Students 
in this program will normally begin in the Fall term, although applicants seeking 
admission in other terms will be considered on a case-by-case basis, with those 
requests evaluated based on the student’s particular course needs and their 
availability. 

Students will complete at least four courses. Students lacking adequate background 
in computer science may be required to take CS 600 (Fundamentals of Computer 
Science for Data Science), and students lacking adequate background in statistics may 
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be required to take STAT 845 (Statistical Concepts for Data Science). Neither of these 
courses will be counted toward the four course requirement. The four courses should 
include: 

1. STAT 847: Exploratory Data Analysis
2. Exactly one of:

▪ CS 631: Data-Intensive Distributed Analytics, or
▪ CS 651: Data-Intensive Distributed Computing

3. At least one of:
▪ CS 680: Intro. machine learning
▪ CS 685: Machine learning theory
▪ CS 686: Intro. to Artificial Intelligence
▪ CS 795 / CO 602: Fundamentals of optimization
▪ CS 794 / CO 673: Optimization for data science
▪ CO 650: Combinatorial Optimization
▪ CO 663: Convex Optimization and Analysis
▪ CS 786: Probabilistic inference
▪ CS 886: Advanced topics in Artificial intelligence
▪ STAT 840: Computational inference
▪ STAT 841: Statistical learning: Classification
▪ STAT 844: Statistical Learning: Function Estimation
▪ STAT 946: Topics in probability and statistics

4. The fourth course is normally chosen from the following list. Courses not on
this list are subject to the approval of the Graduate Director.

Machine learning/statistical learning/optimization 
▪ CS 680: Intro. machine learning
▪ CS 685: Machine learning theory
▪ CS 686: Intro. to Artificial Intelligence
▪ CS 795/CO 602: Fundamentals of optimization
▪ CS 794/CO 673: Optimization for data science
▪ CO 650: Combinatorial Optimization
▪ CO 663: Convex Optimization and Analysis
▪ CO 769: Topics in Continuous Optimization11

 

▪ CS 786: Probabilistic inference
▪ CS 885: Advanced Topics in Computational Statistics11

▪ CS 886: Advanced topics in Artificial intelligence
▪ STAT 840: Computational inference
▪ STAT 841: Statistical learning: Classification
▪ STAT 844: Statistical Learning: Function Estimation
▪ STAT 946: Topics in probability and statistics11

Computer systems and databases 

11 
Note: CO 769, CS 798, CS courses at the 800 level, and STAT courses at the 900 level should be on a topic in 

Data Science; they are subject to the approval of the Graduate Director. 
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▪ CS 638: Principles of database management
▪ CS 648: Database systems implementation
▪ CS 656: Computer networks
▪ CS 657: System performance evaluation
▪ CS 658: Computer security and privacy
▪ CS 740: Database engineering
▪ CS 741: Non-traditional databases
▪ CS 742: Parallel and distributed databases
▪ CS 743: Principles of database management
▪ CS 755: Systems and network architectures and

implementation
▪ CS 848: Advanced topics in databases12

 

Distributed computing 
▪ CS 654: Distributed systems
▪ CS 856: Advanced topics in distributed computing11

Data exploration 
▪ STAT 842: Data Visualization

Other 
▪ CS 798: Advanced Research Topics11

 

Students must also complete the Ethics Milestone. 

The thesis requirement consists of the writing of a research thesis and the topic is 
selected with the guidance of a faculty member in Data Science who serves as the 
student’s supervisor. The thesis should contain original work in data science, defined 
as follows (see Section 1): data science is the study and development of methods to 
extract patterns, knowledge and insight from available data. Data science also 
comprises the application of these methods in order to understand, predict, and 
improve business strategy, products and services, scientific, medical and engineering 
inquiry, public health and safety, as well as other societal pursuits. 

The master's thesis is to be submitted electronically to the Faculty of Mathematics 
Graduate Office with the “Agreement to Read MMath Thesis Form” for a display 
period of two weeks. The thesis defence consists of a 20-minute presentation by the 
candidate, followed by detailed questioning by the committee members. A final 
version of the thesis is to be given to the examining committee at least two weeks 
before the scheduled defence date. 

The examining committee includes the thesis supervisor and two readers. The thesis 
supervisor and at least one of the additional readers should be members of the Data 
Science group. The second reader may be any regular faculty member in the 
University of Waterloo. The thesis should contain original work on data science. The 
supervisor and committee members should ensure that the thesis is well written and 
relevant to the discipline. Credit for the master's thesis is assigned when the 
supervisor and the two readers approve the thesis and the supervisor returns the 
signed “Thesis Acceptance Certification” form to the Graduate Director. 
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4.5 Collateral and Supporting Departments 

The units involved in operating this program (teaching and graduate advising) are the 
Cheriton School of Computer Science, the Department of Combinatorics & 
Optimization, and the Department of Statistics & Actuarial Science. The program has 
been approved by votes in the three units on the following dates: C&O: 2018-03-09; 
CS: 2018-04-11; SAS: 2018-04-20. 

4.6 Organizational Structure 

The Master of Mathematics in Data Science program is not offered in a single 
academic unit, but is instead supported by three units. For this reason, this program 
(along with the MDSAI) will operate as a Faculty-based program, similar to the 
Master of Mathematics in Computational Mathematics. 

The Dean appoints the undergraduate and graduate Directors of Data Science and a 
steering committee for Data Science. The steering committee will have at least one 
voting member from each of the three units. The same individual may occupy the 
positions for the undergraduate and graduate Directors. 

A full-time graduate coordinator will be hired to support the two graduate programs. 
Figure 1 summarizes the organizational chart for Data Science. 

Figure 1: Administrative organization of the Data Science programs within the 
University of Waterloo. 

In the future, any revisions for the program would need to go through the relevant 
units and then to the Faculty Council for approval. 
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5 Projected Enrolment 

Thesis option 
It is expected that the program will admit 50 students per year for the first three 
years ramping up to 70 students per year after 7 years12. The enrollment will be split 
roughly 50% domestic, 50% international.  These projected numbers for domestic 
and international students are based on extrapolating existing graduate enrollment in 
the Faculty and are not net increase relative to existing programs. 

Table 8: Projected Full-time Student Intake and Enrolment for MMath in Data Science (FTEs) 

YEAR Fall Intake Total Fiscal Year Enrolment 

TOTAL FISCAL YEAR 

ENROLMENT Domestic International Domestic International 

2019/20 25 25 49.0 49.6 98.6 

2020/21 27 27 101.5 101.1 202.6 

2021/22 29 29 116.2 118.1 234.3 

2022/23 30 30 122.6 124.7 247.3 

2023/24 32 32 129.0 131.3 260.3 

2024/25 33 33 135.2 137.4 272.6 

2025/26 35 35 141.6 144.0 285.6 

2026/27 35 35 145.7 148.2 293.9 

2027/28 35 35 146.3 149.0 295.3 

12 It is estimated that approximately 50% of the enrolment in this new program will be students who are net 

new to the institution. We also anticipate some students will be likely to take the MMath in Data Science 

instead of a different MMath program currently offered at UW once this option becomes available. 
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6 Financial Plan 

A financial viability analysis and financial plan was prepared in conjunction with 
Institutional Analysis and Planning’s Budget and Resource Planning Team and was 
approved by the Provost in August, 2018. 
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Graduate Studies 
New Program Template

Prior to form submission, review the new graduate program instructions. For questions about the form 
submission, contact Trevor Clews, Graduate Studies and Postdoctoral Affairs. 

Faculty: Mathematics 

Program: Master of Data Science and Artificial Intelligence (MDSAI) - Co-operative Program 

Program contact name(s): Christiane Lemieux 

Form completed by: Jessica Leung 

Note: new courses and milestones also require the completion/submission of the SGRC Course/Milestone-
New/Revision/Inactivation form (PC docx version).  

Proposed effective date: Term: Fall   Year: 2019 

Graduate Studies Academic Calendar (GSAC) section (include the link to the section (web page) where the 
new program will be located): 

https://uwaterloo.ca/graduate-studies-academic-calendar/mathematics 

Proposed Graduate Studies Academic Calendar content: 

MASTER OF DATA SCIENCE AND ARTIFICIAL INTELLIGENCE (MDSAI) - CO-OPERATIVE PROGRAM

Program information 

• Admit term(s)
o Fall

• Delivery mode
o On-campus

• Length of program
o Four  terms (16 months) for full-time students, normally comprising three study terms

and one work term. Students may apply for an eight-month work term that would
lengthen their program to five terms (20 months).

• Program type
o Master’s
o Co-operative
o Professional

• Registration option(s)
o Full-time

• Study option(s)
o Coursework

Admission requirements 
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Proposed Graduate Studies Academic Calendar content: 

• Minimum requirements
o Honours Bachelor’s degree or equivalent in data science, computer science, statistics,

mathematics or a related field, with a minimum overall average of 78%.
o Experience at the senior level in at least one of computer science or statistics.

• Application materials
o Résumé/Curriculum Vitae
o Supplementary information form
o Transcript(s)

• References
o Number of references: 3

Type of references: at least 2 academic sources

• English language proficiency (ELP) (if applicable, and the higher score will be required)

Degree requirements 

Coursework option: 

• Graduate Academic Integrity Module (Graduate AIM)

• Courses

Students must complete at least 9 courses: normally 1 foundation course, 5 core courses, 
and 3 elective courses.  

Foundation Courses 
Students are expected to take at most 1 of the following 2 foundational courses depending on 
their undergraduate major: 

1. CS 600 Fundamentals of Computer Science for Data Science (designed for non-CS
major background students)

2. STAT 845 Statistical Concepts for Data Science (designed for non-STAT major
background students).

Core Courses 
Students are required to take the following core courses: 

1. STAT 847 Exploratory Data Analysis
2. 1 of:

a. CS 651 Data-Intensive Distributed Computing (designed for CS major
background students), or

b. CS 631 Data-Intensive Distributed Analytics (designed for non-CS major
background students).

3. 1 of:
a. STAT 841 Statistical Learning: Classification
b. STAT 842 Data Visualization
c. STAT 844 Statistical Learning: Function estimation

4. 1 of:
a. CS 638 Principles of Data Management and Use
b. CS 648 Database Systems Implementation
c. CS 680 Introduction to Machine Learning
d. CS 685 Machine Learning Theory: Statistical and Computational Foundations

5. 1 of:
a. CO 602 / CS 795 Fundamentals of Optimization
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b. CO 673 / CS 794 Optimization for Data Science
c. CO 663 Convex Optimization and Analysis

Elective Courses 
Students must take enough additional elective courses to fulfill the 9-course requirement.  
These courses must normally be taken from the following list of selected graduate courses. 
Courses not on this list are subject to the approval of the Graduate Director. 

• CO 602 / CS 795 Fundamentals of Optimization
• CO 673 / CS 794 Optimization for Data Science
• CO 650 Combinatorial Optimization
• CO 663 Convex Optimization and Analysis
• CO 769 Topics in Continuous Optimization (*)
• CS 638 Principles of Data Management and Use
• CS 648 Database Systems Implementation
• CS 654 Distributed Systems
• CS 680 Introduction to Machine Learning
• CS 685 Machine Learning Theory: Statistical and Computational Foundations
• CS 686 Introduction to Artificial Intelligence
• CS 740 Database Engineering
• CS 741 Parallel and Distributed Database Systems
• CS 743 Principles of Database Management and Use
• CS 786 Probabilistic Inference and Machine Learning
• CS 798 Advanced Research Topics (*)
• CS 848 Advanced Topics in Databases (*)
• CS 856 Advanced Topics in Distributed Computing (*)
• CS 885 Advanced Topics in Computational Statistics (*)
• CS 886 Advanced Topics in Artificial Intelligence (*)
• STAT 840 Computational Inference
• STAT 841 Statistical Learning: Classification
• STAT 842 Data Visualization
• STAT 844 Statistical Learning: Function estimation
• STAT 946 Topics in Probability and Statistics (*)
• DS 701/702 Data Science Project 1 & 2

Note (*): CO 769, CS 798, CS courses at the 800 level, and STAT courses at the 900 level 
should be on a topic in Data Science or Artificial Intelligence; they are subject to the approval 
of the Graduate Officer. 

In order to remain in good academic standing, students must maintain an average of 75% and 
a minimum grade of 70% in all their courses. Progress reports are not required; however, the 
Director will review students’ overall average every term. Students whose average falls below 
the program’s minimum requirements may be required to withdraw from the program. The 
minimum average required by the program is higher than the university’s minimum 
requirement (70%). 

• Link(s) to courses
o Data Science (DS) courses
o Combinatorics & Optimization (CO) courses
o Computer Science (CS) courses
o Statistics (STAT) courses
o Graduate course search
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• Milestones

o Ethics Workshop
§ Students must complete a 3-day workshop on “Ethics in Data Science and Artificial

Intelligence” that will be offered in the Fall term. Alternatively, students can complete
the course CS 798 Advanced Research Topics on “Artificial Intelligence: Law, Ethics,
and Policy’’.

o Graduate Studies Work Report
§ Students in this program must complete one work term, which is expected to take

place in their third term. They are then expected to return to campus for a final study
term. Students may also apply for a one-term (4-month) extension of the work term. In
order for students to complete the work report, they must have had a work placement
and receive at least a satisfactory evaluation for their co-operative education term.
Students are encouraged to complete COOP 601 Career Success Strategies in the
term before the start of their work term.

Department website 
https://uwaterloo.ca/data-science/ 

Discover Graduate Studies web page 
https://uwaterloo.ca/discover-graduate-studies/programs 

Unit (CS) approval date (03/09/18):  
Unit (CO) approval date (03/14/18):  
Unit (SAS) approval date (03/23/18): 

Reviewed by GSPA (for GSPA use only) ☐  date (mm/dd/yy):  
Faculty approval date (09/18/18):  
Senate Graduate & Research Council (SGRC) approval date (mm/dd/yy): 
Senate approval date (mm/dd/yy) (if applicable):  
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Graduate Studies 
New Program Template

Prior to form submission, review the new graduate program instructions. For questions about the form 
submission, contact Trevor Clews, Graduate Studies and Postdoctoral Affairs. 

Faculty: Mathematics 

Program: Master of Data Science and Artificial Intelligence (MDSAI) 

Program contact name(s): Christiane Lemieux 

Form completed by: Jessica Leung 

Note: new courses and milestones also require the completion/submission of the SGRC Course/Milestone-
New/Revision/Inactivation form (PC docx version).  

Proposed effective date: Term: Fall   Year: 2019 

Graduate Studies Academic Calendar (GSAC) section (include the link to the section (web page) where the 
new program will be located): 

https://uwaterloo.ca/graduate-studies-academic-calendar/mathematics 

Proposed Graduate Studies Academic Calendar content: 

MASTER OF DATA SCIENCE AND ARTIFICIAL INTELLIGENCE (MDSAI)

Program information 

• Admit term(s)
o Fall

• Delivery mode
o On-campus

• Length of program
o Three terms (12 months) for full-time students

• Program type
o Master’s
o Professional

• Registration option(s)
o Full-time
o Part-time

• Study option(s)
o Coursework

Admission requirements 

• Minimum requirements
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o Students in the Master of Data Science and Artificial Intelligence - Co-operative program can

apply to transfer into the Master of Data Science and Artificial Intelligence Program after
completing at least one academic term. Admittance will be decided by the Graduate Director
on a case-by case basis.

Degree requirements 

Coursework option: 

• Graduate Academic Integrity Module (Graduate AIM)

• Courses

Students must complete at least 9 courses: normally 1 foundation course, 5 core courses, 
and 3 elective courses. 

Foundation Courses 
Students are expected to take at most 1 of the following 2 foundational courses depending on 
their undergraduate major: 

1. CS 600 Fundamentals of Computer Science for Data Science (designed for non-CS
major background students)

2. STAT 845 Statistical Concepts for Data Science (designed for non-STAT major
background students).

Core Courses 
Students are required to take the following core courses: 

1. STAT 847 Exploratory Data Analysis
2. 1 of:

a. CS 651 Data-Intensive Distributed Computing (designed for CS major
background students), or

b. CS 631 Data-Intensive Distributed Analytics (designed for non-CS major
background students).

3. 1 of:
a. STAT 841 Statistical Learning: Classification
b. STAT 842 Data Visualization
c. STAT 844 Statistical Learning: Function estimation

4. 1 of:
a. CS 638 Principles of Data Management and Use
b. CS 648 Database Systems Implementation
c. CS 680 Introduction to Machine Learning
d. CS 685 Machine Learning Theory: Statistical and Computational Foundations

5. 1 of:
a. CO 602 / CS 795 Fundamentals of Optimization
b. CO 673 / CS 794 Optimization for Data Science
c. CO 663 Convex Optimization and Analysis

Elective Courses 
Students must take enough additional elective courses to fulfill the 9-course requirement.  
These courses must normally be taken from the following list of selected graduate courses. 
Courses not on this list are subject to the approval of the Graduate Director. 

• CO 602 / CS 795 Fundamentals of Optimization
• CO 673 / CS 794 Optimization for Data Science
• CO 650 Combinatorial Optimization
• CO 663 Convex Optimization and Analysis
• CO 769 Topics in Continuous Optimization (*)
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• CS 638 Principles of Data Management and Use
• CS 648 Database Systems Implementation
• CS 654 Distributed Systems
• CS 680 Introduction to Machine Learning
• CS 685 Machine Learning Theory: Statistical and Computational Foundations
• CS 686 Introduction to Artificial Intelligence
• CS 740 Database Engineering
• CS 741 Parallel and Distributed Database Systems
• CS 743 Principles of Database Management and Use
• CS 786 Probabilistic Inference and Machine Learning
• CS 798 Advanced Research Topics (*)
• CS 848 Advanced Topics in Databases (*)
• CS 856 Advanced Topics in Distributed Computing (*)
• CS 885 Advanced Topics in Computational Statistics (*)
• CS 886 Advanced Topics in Artificial Intelligence (*)
• STAT 840 Computational Inference
• STAT 841 Statistical Learning: Classification
• STAT 842 Data Visualization
• STAT 844 Statistical Learning: Function estimation
• STAT 946 Topics in Probability and Statistics (*)
• DS 701/702 Data Science Project 1 & 2

Note (*): CO 769, CS 798, CS courses at the 800 level, and STAT courses at the 900 level 
should be on a topic in Data Science or Artificial Intelligence; they are subject to the approval 
of the Graduate Officer. 

In order to remain in good academic standing, students must maintain an average of 75% and 
a minimum grade of 70% in all their courses. Progress reports are not required; however, the 
Director will review students’ overall average every term. Students whose average falls below 
the program’s minimum requirements may be required to withdraw from the program. The 
minimum average required by the program is higher than the university’s minimum 
requirement (70%). 

• Link(s) to courses
o Data Science (DS) courses
o Combinatorics & Optimization (CO) courses
o Computer Science (CS) courses
o Statistics (STAT) courses
o Graduate course search

• Milestones

o Ethics Workshop
§ Students must complete a 3-day workshop on “Ethics in Data Science and Artificial

Intelligence” that will be offered in the Fall term. Alternatively, students can complete
the course CS 798 Advanced Research Topics on “Artificial Intelligence: Law, Ethics,
and Policy’’.

Department website 
https://uwaterloo.ca/data-science/ 

Discover Graduate Studies web page 
https://uwaterloo.ca/discover-graduate-studies/programs 
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Unit (CS) approval date (03/14/18):  
Unit (CO) approval date (03/09/18):  
Unit (SAS) approval date (03/23/18): 

Reviewed by GSPA (for GSPA use only) ☐  date (mm/dd/yy):  
Faculty approval date (09/18/18):  
Senate Graduate & Research Council (SGRC) approval date (mm/dd/yy): 
Senate approval date (mm/dd/yy) (if applicable):  
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Graduate Studies 
New Program Template

Prior to form submission, review the new graduate program instructions. For questions about the form 
submission, contact Trevor Clews, Graduate Studies and Postdoctoral Affairs. 

Faculty: Mathematics 

Program: Master of Mathematics (MMath) in Data Science 

Program contact name(s): Christiane Lemieux 

Form completed by: Jessica Leung 

Note: new courses and milestones also require the completion/submission of the SGRC Course/Milestone-
New/Revision/Inactivation form (PC docx version).  

Proposed effective date: Term: Fall   Year: 2019 

Graduate Studies Academic Calendar (GSAC) section (include the link to the section (web page) where the 
new program will be located): 

https://uwaterloo.ca/graduate-studies-academic-calendar/mathematics 

Proposed Graduate Studies Academic Calendar content: 

MASTER OF MATHEMATICS (MMATH) IN DATA SCIENCE 

Program information 

• Admit term(s)
o Fall

• Delivery mode
o On-campus

• Length of program
o 4 to 6 terms

• Program type
o Master’s
o Research

• Registration option(s)
o Full-time
o Part-time

• Study option(s)
o Thesis

Admission requirements 

SGRC - 14 January 2019 Page  96 of 120



Page 2 of 4 

Proposed Graduate Studies Academic Calendar content: 

• Minimum requirements
o A four-year Honours Bachelor’s degree or equivalent in data science, computer science,

statistics, mathematics or a related field, with a minimum overall average of 78%.
o Experience at the senior level in computer science or statistics.

• Application materials
o Résumé/Curriculum Vitae
o Supplementary information form
o Transcript(s)

• References
o Number of references: 3
o Type of references: at least 2 academic

• English language proficiency (ELP) (if applicable)

Degree requirements 

Thesis option: 

• Graduate Academic Integrity Module (Graduate AIM)

• Courses

Students must complete at least 4 courses. Students lacking adequate background in computer
science may be required to take CS 600 Fundamentals of Computer Science for Data Science, and
students lacking adequate background in statistics may be required to take STAT 845 Statistical
Concepts for Data Science. Neither of these courses may be counted toward the 4 course
requirement. The 4 courses must include:

1. STAT 847 Exploratory Data Analysis
2. Exactly 1 of:

§ CS 631 Data-Intensive Distributed Analytics, or
§ CS 651 Data-Intensive Distributed Computing

3. At least 1 of:
§ CS 680 Intro. machine learning
§ CS 685 Machine learning theory
§ CS 686 Intro. to Artificial Intelligence
§ CS 795 / CO 602 Fundamentals of optimization
§ CS 794 / CO 673 Optimization for data science
§ CO 650 Combinatorial Optimization
§ CO 663 Convex Optimization and Analysis
§ CS 786 Probabilistic inference
§ CS 886 Advanced topics in Artificial intelligence
§ STAT 840 Computational inference
§ STAT 841 Statistical learning: Classification
§ STAT 844 Statistical Learning: Function Estimation
§ STAT 946 Topics in probability and statistics

4. The fourth course is normally chosen from the following list:
Machine learning / statistical learning / optimization 

§ CS 680 Intro. machine learning
§ CS 685 Machine learning theory
§ CS 686 Intro. to Artificial Intelligence
§ CS 795/CO 602 Fundamentals of optimization
§ CS 794/CO 6xx Optimization for data science
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§ CO 650 Combinatorial Optimization
§ CO 663 Convex Optimization and Analysis
§ CO 769 Topics in Continuous Optimization (*)
§ CS 786 Probabilistic inference
§ CS 885 Advanced Topics in Computational Statistics (*)
§ CS 886 Advanced topics in Artificial intelligence
§ STAT 840 Computational inference
§ STAT 841 Statistical learning: Classification
§ STAT 844 Statistical Learning: Function Estimation
§ STAT 946 Topics in probability and statistics (*)

Computer systems and databases 
§ CS 638 Principles of database management
§ CS 648 Database systems implementation
§ CS 656 Computer networks
§ CS 657 System performance evaluation
§ CS 658 Computer security and privacy
§ CS 740 Database engineering
§ CS 741 Non-traditional databases
§ CS 742 Parallel and distributed databases
§ CS 743 Principles of database management
§ CS 755 Systems and network architectures and implementation
§ CS 848 Advanced topics in databases (*)

Distributed computing 
§ CS 654 Distributed systems
§ CS 856 Advanced topics in distributed computing (*)

Data exploration 
§ STAT 842 Data Visualization

Other 
§ CS 798 Advanced Research Topics (*)

(*) Note: CO 769, CS 798, CS courses at the 800 level, and STAT courses at the 900 level should be 
on a topic in Data Science; they are subject to the approval of the Graduate Director.  

• Link(s) to courses
o Combinatorics & Optimization (CO) courses
o Computer Science (CS) courses
o Statistics (STAT) courses
o Graduate course search

• Milestones

o Ethics Workshop
§ Students must complete a 3-day workshop on “Ethics in Data Science and Artificial

Intelligence” that will be offered in the Fall term. Alternatively, students can complete
the course CS 798 Advanced Research Topics on “Artificial Intelligence: Law, Ethics,
and Policy’’.

o Master’s Thesis
§ Students must complete a thesis in the field of data science, under the supervision of

a faculty member in Data Science. The student must also complete a 20-minute oral
presentation.

Department website 
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Proposed Graduate Studies Academic Calendar content: 
https://uwaterloo.ca/data-science/ (a new webpage with more information regarding the program will be 
created) 

Discover Graduate Studies web page 
https://uwaterloo.ca/discover-graduate-studies/programs 

Reviewed by GSPA (for GSPA use only) ☐  date (mm/dd/yy):  
Faculty approval date (09/18/18):  
Senate Graduate & Research Council (SGRC) approval date (mm/dd/yy): 
Senate approval date (mm/dd/yy) (if applicable):  
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Senate	Graduate	and	Research	
Council	–	Course/Milestone	–	

	New/Revision/Inactivation	form	

Faculty:				Math	
Effective	term:				Term/Year	 Spring	 2020	

Course	 ☐	 New	 ☐							 Revision							 ☐ Inactivation		 ☐

Milestone		☒	 New	 ☒							 Revision							 ☐ Inactivation		 ☐

New	milestone	title:		Work	Report	

For	course	revisions,	indicate	the	type(s)	of	changes	(e.g.	consent,	description,	title,	requisites):	
N/A	

Course	Subject	code:		Choose	an	item.	 Course	number:		
Course	Title	(max.	100	characters	incl.	spaces):		
Course	Short	Title	(max.	30	characters	incl.	spaces):		

Grading	Basis:	 Choose	an	item.	

Course	Credit	Weight:		 0.00	

Course	Consent	Required:		 ☐	

Course	Description:	N/A	 

New	course	description	(for	revision	only):	

Meet	Type(s):				Lecture			Reading		Choose	an	item.	 Choose	an	item.	
Primary	Meet	Type:	 Reading	
Requisites:	

Special	topics	course:	 Yes				☐	 No				☐	
Cross-listed:	 Yes				☐	 No					☐	
Course	Subject(s)	to	be	cross-listed	with	and	approval	status:		N/A	
Sections	combined/heldwith:		

Rationale	for	request:			
The	milestone	should	be	applied	to	the	Master	of	Data	Science	and	Artificial	Intelligence	(MDSAI)	-	Co-
operative	Program.	A	work	report	must	be	submitted	upon	completion	of	a	work	term.	Successful	completion	
of	a	work	term	requires	students	to	have	been	working	for	(at	least)	4-months	in	employment	approved	by	
Co-operative	Education	and	that	they	receive	at	least	a	satisfactory	evaluation	for	their	co-operative	education	
term.	

Prepared	by:		Jessica	Leung	 Date:	 Click	here	to	enter	a	date.	

GRADUATE STUDIES OFFICE 
Waterloo, Ontario, Canada N2L 3G1 
uwaterloo.ca/graduate-studies | gsoffice@uwaterloo.ca 
Fax 519-746-3051
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Senate	Graduate	and	Research	
Council	–	Course/Milestone	–	

	New/Revision/Inactivation	form	

Faculty:				Math	
Effective	term:				Term/Year	 Fall	 2019	

Course	 ☐	 New	 ☐						 Revision							 ☐	 Inactivation		 ☐

Milestone		☒	 New	 ☒						 Revision							 ☐	 Inactivation		 ☐

New	milestone	title:								 Ethics	Workshop	

For	course	revisions,	indicate	the	type(s)	of	changes	(e.g.	consent,	description,	title,	requisites):	

Course	Subject	code:		Choose	an	item.	 Course	number:		
Course	Title	(max.	100	characters	incl.	spaces):		
Course	Short	Title	(max.	30	characters	incl.	spaces):		

Grading	Basis:	 Choose	an	item.	

Course	Credit	Weight:		 0.00	

Course	Consent	Required:		 ☐	

Course	Description:	N/A	 

New	course	description	(for	revision	only):	

Meet	Type(s): Choose	an	item.	 Choose	an	item.	
Primary	Meet	Type:	
Requisites:	

Special	topics	course:	 Yes				☐	 No				☐	
Cross-listed:	 Yes				☐	 No					☐	
Course	Subject(s)	to	be	cross-listed	with	and	approval	status:		N/A	
Sections	combined/heldwith:		

Rationale	for	request:			
The	Ethics	milestone	is	obtained	upon	completion	of	a	3-day	workshop	organized	by	the	Faculty	of	
Mathematics,	entitled	“Ethics	in	Data	Science	and	Artificial	Intelligence”.	Alternatively,	students	can	be	
credited	for	this	milestone	by	taking	the	course	CS	798	Advanced	Topics	““Artificial	Intelligence:	Law,	Ethics,	
and	Policy’’”	and	obtaining	a	grade	of	at	least	70%.	This	milestone	should	be	applied	to	the	following	
programs:	
-Master	of	Data	Science	and	Artificial	Intelligence
-Master	of	Data	Science	and	Artificial	Intelligence	-	Co-operative	Program
-Master	of	Mathematics	in	Data	Science

Prepared	by:		Christiane	Lemieux	 Date:	 4-Sep-18	

GRADUATE STUDIES OFFICE 
Waterloo, Ontario, Canada N2L 3G1 
uwaterloo.ca/graduate-studies | gsoffice@uwaterloo.ca 
Fax 519-746-3051
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Senate	Graduate	and	Research	
Council	–	Course/Milestone	–	

	New/Revision/Inactivation	form	

Faculty:				Math	
Effective	term:				Term/Year	 Fall	 2019	

Course	 ☒	 New	 ☒							 Revision							 ☐ Inactivation		 ☐

Milestone		☐	 New	 ☐							 Revision							 ☐ Inactivation		 ☐

New	milestone	title:	N/A			Choose	an	item.	

For	course	revisions,	indicate	the	type(s)	of	changes	(e.g.	consent,	description,	title,	requisites):	
N/A			

Course	Subject	code:		Choose	an	item.	 Course	number:	701		
Course	Title	(max.	100	characters	incl.	spaces):	Data	Science	Project	1		
Course	Short	Title	(max.	30	characters	incl.	spaces):		

Grading	Basis:	 NUMERICAL	

Course	Credit	Weight:		 0.50	

Course	Consent	Required:		 ☒	 Department	

Course	Description:	The	student	will	undertake	a	significant	project	on	a	topic	related	to	data	science,	under	
the	supervision	of	a	faculty	member;	graduate	officer	approval	required.	 

New	course	description	(for	revision	only):	

Meet	Type(s):				Lecture			Reading		Choose	an	item.	 Choose	an	item.	
Primary	Meet	Type:	 Reading	
Requisites:	Master	of	Data	Science	and	Artificial	Intelligence	students	only.	Graduate	officer	approval	
required;	a	supervisor	from	Data	Science	is	required	to	supervise	the	student.	Co-req:	DS	702.	 	

Special	topics	course:	 Yes				☐	 No				☐	
Cross-listed:	 Yes				☐	 No					☐	
Course	Subject(s)	to	be	cross-listed	with	and	approval	status:		N/A	
Sections	combined/heldwith:		

Rationale	for	request:		

Two	electives	may	be	replaced	by	a	significant	project	(DS	701	and	DS	702)	under	the	supervision	of	one	or	
more	faculty	members	in	data	science.	The	project	gives	the	student	the	opportunity	to	plan	and	carry	out	a	
research	project.			

Prepared	by:		Jessica	Leung	 Date:	 Click	here	to	enter	a	date.	

GRADUATE STUDIES OFFICE 
Waterloo, Ontario, Canada N2L 3G1 
uwaterloo.ca/graduate-studies | gsoffice@uwaterloo.ca 
Fax 519-746-3051
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Senate	Graduate	and	Research	
Council	–	Course/Milestone	–	

	New/Revision/Inactivation	form	

Faculty:				Math	
Effective	term:				Term/Year	 Fall	 2019	

Course	 ☒	 New	 ☒							 Revision							 ☐ Inactivation		 ☐

Milestone		☐	 New	 ☐							 Revision							 ☐ Inactivation		 ☐

New	milestone	title:	N/A			Choose	an	item.	

For	course	revisions,	indicate	the	type(s)	of	changes	(e.g.	consent,	description,	title,	requisites):	
N/A			

Course	Subject	code:		Choose	an	item.	 Course	number:	702		
Course	Title	(max.	100	characters	incl.	spaces):	Data	Science	Project	2		
Course	Short	Title	(max.	30	characters	incl.	spaces):		

Grading	Basis:	 NUMERICAL	

Course	Credit	Weight:		 0.50	

Course	Consent	Required:		 ☒	 Department	

Course	Description:	The	student	will	undertake	a	significant	project	on	a	topic	related	to	data	science,	under	
the	supervision	of	a	faculty	member;	graduate	officer	approval	required.	 

New	course	description	(for	revision	only):	

Meet	Type(s):				Lecture			Reading		Choose	an	item.	 Choose	an	item.	
Primary	Meet	Type:	 Reading	
Requisites:	Master	of	Data	Science	and	Artificial	Intelligence	students	only.	Graduate	officer	approval	
required;	a	supervisor	from	Data	Science	is	required	to	supervise	the	student.	Co-req:	DS	701.	 	

Special	topics	course:	 Yes				☐	 No				☐	
Cross-listed:	 Yes				☐	 No					☐	
Course	Subject(s)	to	be	cross-listed	with	and	approval	status:		N/A	
Sections	combined/heldwith:		

Rationale	for	request:		

Two	electives	may	be	replaced	by	a	significant	project	(DS	701	and	DS	702)	under	the	supervision	of	one	or	
more	faculty	members	in	data	science.	The	project	gives	the	student	the	opportunity	to	plan	and	carry	out	a	
research	project.			

GRADUATE STUDIES OFFICE 
Waterloo, Ontario, Canada N2L 3G1 
uwaterloo.ca/graduate-studies | gsoffice@uwaterloo.ca 
Fax 519-746-3051
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Prepared	by:		Jessica	Leung	 Date:	 Click	here	to	enter	a	date.	
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Responsible Conduct of Research
Breaches

Bruce Muirhead, AVP – Research Oversight 
and Analysis
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Presenter
Presentation Notes
Today we are going to look at the Responsible Conduct of Research (RCR) at the University of Waterloo.



Helpful  websites

FAQ about research integrity
• https://uwaterloo.ca/research/office-research-ethics/research-integrity/frequently-asked-

questions-about-research-integrity

Does Waterloo have a policy and a process for investigating allegations of irresponsible 
conduct of research which is different from the policy and process used to report and 
investigate allegations of other types of academic misconduct?
• https://uwaterloo.ca/research/office-research-ethics/research-integrity/frequently-asked-

questions-about-research-integrity#policy%20and%20process

What should I do if I suspect that irresponsible conduct of research has occurred?
• https://uwaterloo.ca/research/office-research-ethics/research-integrity/frequently-asked-

questions-about-research-integrity#what%20do%20I%20do

Integrity in Research Administrative Guidelines
• https://uwaterloo.ca/research/sites/ca.research/files/uploads/files/integrity_in_research_

administrative_guidelines_access_checked_0.pdf
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https://uwaterloo.ca/research/sites/ca.research/files/uploads/files/integrity_in_research_administrative_guidelines_access_checked_0.pdf


Breaches  to  Responsible  Conduct  of  Research
(RCR) Framework Include:

1. Fabrication of data
2. Falsification of data
3. Plagiarism
4. Destruction of research records
5. Redundant publications
6. Invalid authorship
7. Inadequate acknowledgment
8. Mismanagement of conflict of interest
9. Misrepresentation in an agency document
10.Mismanagement of grants or awards
11.Breaches of agency policies of requirements/failure to obtain approvals

(Tri-agency Framework: Responsible Conduct of Research, 2011)
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Presenter
Presentation Notes
There is a lot of overlap here between academic and research misconduct so we’ll go through each of these individually.



Requi red  Cent ra l i zed  Repor t ing  St ructure  
– How does  i t  work?
Since 2011, all allegations must be reported through a centralized ‘arms length’ process.

• All members of the UW community are required to report a breach or suspected breach to 
the VP University Research (VPUR).

4

If research is Tri Agency funded

Sanctions

Investigation

Inquiry

Identification Breach Identified and reported to VP Research 

Researcher accepts responsibility

None unless formal investigation is likely to 
uncover new information e.g. additional breaches

Sanctions recommended to VPR  by faculty 
supervisor. Final plan approved by VPR

Reporting to federal Secretariat – additional 
sanctions may be levied 

Researcher does not accept 
responsibility

If allegation is credible – VPR may call 
for formal investigation

Sanctions, if any, recommended by Investigation committee –
levied by line management (Associate Deans; Deans etc.)

Reporting to federal Secretariat –
additional sanctions may be levied
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Possible Sanctions to Researcher:
• Suspension 
• Letter of concern, note on 

permanent records
• Withdrawal of pending 

publications
• Withdrawal of research privileges
• Academic sanctions-expulsion, 

loss of credit
• Leave without pay
• Loss of eligibility to apply for 

future Tri-Agency grants

Possible Sanctions to uWaterloo :

• Repayment of research funding
• Ineligibility for future funding 

(temporary or permanent)
• Adverse publicity
• Revocation of Canada Research 

Chair position(s)
• Loss of some or all Tri-Agency 

funding for the University

Sanct ions  to  Researchers
Sanct ions  to  Univers i ty  
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Case 1

Allegation: Mismanagement of grant funds 
Findings: R, a faculty member, was the recipient of an Agency award in which he/she would work on a 
research project partly at the premises of a sponsoring partner. R engaged a number of students to assist 
him/her. By carrying out an investigation and an audit, the Institution concluded that R and the partner 
breached the conditions of the grant in a number of respects, including the following: 
 the partner did not supervise the students as required by the program, and the students did not spend the 
required amount of time working at the partner’s site; 
 R likely received money from at least two of the students, which he/she likely used to improperly pay 
back the partner for its expenses; 
 R was reimbursed in full for the same grant expenses from the Agency as well as from two other 
organizations involved in the research project; 
 R was aware that reports submitted by students concerning their work included false information; and 
 R counselled students to mislead the investigators. 
Breaches: Mismanagement of Agency grant or award funds (3.1.3); breach of Agency policies or 
requirements for certain types of research (3.1.4) 
6

Note added by SGRC secretary 25 October 2018:  

The following are publically available, anonymized RCR file summaries 
found here with a description of RCR Files Summaries found here
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http://www.rcr.ethics.gc.ca/_doc/summaries.pdf
http://www.rcr.ethics.gc.ca/eng/education/summaries-dossiers/


Case 1,  con’t

Institutional Disposition: 
 terminated R’s employment; and 
 informed the police of R’s financial impropriety. 
Agency Recourse: 
 declared R permanently ineligible to apply for Agency funding or to participate in 
Agency peer review processes; 
 issued a letter of concern to the partner outlining the manner in which it failed to meet 
the Agency’s expectations and the impact that this had; 
required the Institution to reimburse all misspent Agency funds; and 
 required the Institution to develop a plan to prevent similar breaches. 
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Case 2

Allegation: Falsification of data 
Findings: R, a faculty member, was the corresponding author on several publications that included 
duplication of figures and gross manipulation of data. R took responsibility for adjusting certain 
images obtained from a student by increasing the number of pixels and adjusting the color, contrary 
to proper research practices. R alleged that junior lab personnel had also manipulated the data before 
providing it to R, without R’s knowledge. The Institution could neither verify nor dispute this claim, 
but determined that R failed to adequately supervise the student, review the primary data sources, 
keep complete and accurate records, and examine the research findings generated in his/her 
laboratory. R resigned from the Institution.
Breach: Falsification (3.1.1.b) 
Institutional Disposition: 
requested a retraction of the publications. 
Agency Recourse: 
declared R ineligible to apply for Agency funding or to participate in Agency peer review processes, 
both for five years; and 
directed the Institution to reimburse the remaining grant funds. 
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Case 3

Allegation: Failure to comply with Agency financial policies 
Findings: R, a post-doctoral Fellow not affiliated with an eligible institution, accepted awards from an 
Agency and from a private funder for the same research, which constituted a breach of the policies of both 
organizations. In addition, R failed to inform the Agency in a timely fashion of a transfer from one 
Institution to another and forged his/her supervisor’s signature on three documents related to the transfer. 
Breaches: Mismanagement of Agency grant or award funds (3.1.3); misrepresentation in an Agency 
application or related document (3.1.2.a) 
Institutional Disposition: 
Not applicable. 

Agency Recourse: 
terminated R’s Agency award; 

required R to reimburse Agency funds already disbursed; and 
declared R ineligible to apply for Agency funding and participate in Agency peer review processes, both for 

three years. 
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Case 4

Allegation: Plagiarism 
Findings: R, a faculty member, used parts of the work of his/her students in a book without 
appropriate referencing. R acknowledged the plagiarism but claimed it was accidental and the result of 
carelessness. 
Breach: Plagiarism (3.1.1.d) 
Institutional Disposition: revoked R’s title 
at the Institution and placed a permanent letter of reprimand in his/her file; 
required R to prepare letters to the two students stating that their writing is indeed their own, and 

confirming that they had not engaged in plagiarism of material from R’s book. The intent is that letters 
could be submitted to journal editors or book publishers, along with their work, should the students 
choose to publish; and 
asked R’s publisher to acknowledge the students in future versions of the book and in its advertising. 

Agency Recourse: declared R 
ineligible to apply for Agency funding and to participate in Agency peer review processes, both for 
two years. 
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Case 5

Allegations: Plagiarism; self-plagiarism 
Findings: R1, a faculty member, and R2, a PhD student supervised by R1, co-authored a paper. R2 was the 
main author. The paper contained substantial blocks of unaltered text and figures taken from eight other 
papers, four written by R1 and R2, and four written by other authors, without appropriate references. The 
plagiarized text had been inserted into the paper by R2 without the knowledge of R1. Nevertheless, R1, 
who was also the Editor-in-Chief of the journal that published the paper, failed in his/her supervisory duties.
Breaches: Plagiarism (3.1.1.d); redundant publication (3.1.1.e) 
Institutional Disposition: suspended R1 without pay for four months; and 
placed R2 on disciplinary probation for the remainder of his/her studies and placed a disciplinary letter in 
his/her file. 
Agency Recourse: 
discontinued Agency funding for R1 and required the Institution to reimburse a portion of the funds; 
declared R1 ineligible to hold or apply for Agency funding, and to participate in Agency peer review, both 
for two years; and declared R2 ineligible to hold or apply for Agency funding for two years. 
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Case 6

Allegations: Plagiarism; invalid authorship.

Findings: R, a short-term trainee from a foreign institution, worked at a research lab at a 
Canadian institution. After returning to his/her home country, R published a thesis on a 
research project that he/she had carried out at the Canadian institution with other members 
of that research lab. The thesis included descriptions of experiments performed by others, 
without proper reference or permission, such that they could be taken to be R’s work. The 
investigation found that some of R’s errors could be attributed to less than optimal 
communication and support in the lab where R had worked.

Breach: Plagiarism (3.1.1.d) 
Institutional Disposition: 
 recommended to the foreign institution that R withdraw his/her thesis, with the right to 
submit a new one if he/she obtained the consent of the other contributors, added proper 
references, and removed the Canadian institution’s name from the title page. 
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Case 6 (con’t)

Agency Recourse: 

issued a letter of reprimand to R stressing that: 

• his/her breach of the RCR Framework was unacceptable, and advising that, should he/she relocate to 
Canada, his/her eligibility to apply for and hold Agency funds in the future would be conditional on R 
providing evidence of retraction of the thesis; and 

• he/she needs to familiarize him/herself with, and respect, the research integrity policies applicable to his/her 
research; and 

issued a letter of awareness to R’s supervisor highlighting: 

• that not investing the necessary time to read a visiting graduate scholar’s thesis, when part of the scholar’s 
work was done in his/her lab, falls below the appropriate standard of scientific behaviour. The head of a lab 
is responsible for the work arising from the lab; and 

• the importance of establishing appropriate communication and support mechanisms in the lab, including 
assignment of authorship; and 

issued a letter to the Canadian institution: 

• underscoring that its controls and support for visiting students were inadequate; 

• requesting that it submit a plan on how it intended to address these inadequacies; and 

• emphasizing that all research conducted under its auspices or jurisdiction has to comply with Agency 
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Case 7

Allegation: Breach of Agency policies or requirements for certain types of research
Findings: The team made simultaneous research applications to an Agency and to a 
second funding organization without properly disclosing this fact on either application 
form. The application to the second funding organization was successful. Agency 
guidelines required the team to withdraw their application to the Agency upon learning 
that the other application had been successful. The team did not do so. Their application to 
the Agency was not successful. 
Breach: Breach of Agency policies or requirements for certain types of research (3.1.4) 
Institutional Disposition: 
 introduced measures to assist researchers in completing grant application forms. 
Agency Recourse: 
 issued a letter of awareness to the Principal Investigator of the research team reminding 
him/her of his/her responsibility to provide accurate and complete information on 
applications and inform the Agency in a timely fashion of any significant changes. 
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MEMORANDUM        
 
January 3, 2019 
 
TO: Kathy Winter, Privacy Officer and Assistant University Secretary, Senate Graduate 

and Research Council 
 
FROM:  Heidi Mussar, Associate Director, Graduate Financial Aid & Awards 
 
RE:  Agenda items for Senate Graduate & Research Council –  January 2019 
 
 
Items for Approval 
a) KEEN Graduate Entrance Scholarship – trust 

Two entrance scholarships valued at $5,000 will be awarded annually to graduate students 
registered full time in the first term of either the Master of Climate Change (MCC), Master of 
Development Practice (MDP) or the Master of Economic Development and Innovation (MEDI) 
programs in the Faculty of Environment at the University of Waterloo. Selection will be based 
on scholastic excellence (minimum cumulative average of 80% or equivalent). Preference will 
be given to students who demonstrate leadership and community engagement. The Associate 
Dean of Graduate Studies, Environment will select recipients based on recommendations 
received from the Department of Geography and Environmental Management and School of 
Environment, Entrerprise and Development.  
This award is made possible through a gift of $100,000; $50,000 is being directed towards this 
scholarship and $50,000 towards the KEEN Global Citizen Internship. 
The period of this defined term award will be from 2019 to 2023. 
 

b) Environment Domestic Graduate Entrance Scholarship – operating 
Environment Domestic Graduate Entrance Scholarships, valued at $5,000 will be given to up to 
30 domestic graduate students entering a research-based master’s program or a doctoral 
program within the Faculty of Environment. Students must have had a minimum average of at 
least 85% in their last two years of full-time study. This scholarship will provide additional 
support on top of the minimum funding provided by the Faculty of Environment to their 
master’s and doctoral students. This award is part of the $1.5M funding initiative for domestic 
students. The scholarship is being supported with $150,000 from GSPA/Provost and is being 
matched through the Environment Graduate Student Award. 
 

c) Global Governance Master’s Fellowship – endowment and operating 
Global Governance Master’s Fellowships, valued between $15,000 and $25,000 annually will be 
awarded to eligible graduate students who are registered full time in their first year of the 
Master’s of Global Governance program in the Faculty of Arts or Environment. Selection will be 
based on academic achievement. Recipients will normally be selected in the winter term based 
on their application for admission to the graduate program. This award is made possible by a 
donation from Jim Balsillie as well as through operating funds from the Faculties of Arts and 
Environment. 
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d) Global Governance Doctoral Fellowship – endowment and operating 
Global Governance Doctoral Fellowships, valued between $25,000 and $35,000 annually will be 
awarded to eligible graduate students who are registered full time in their first year of their 
doctoral program in Global Governance in the Faculty of Arts or Environment. Selection will be 
based on academic achievement. Recipients will normally be selected in the winter term based 
on their application for admission to the graduate program. This award is made possible by a 
donation from Jim Balsillie as well as through operating funds from the Faculties of Arts and 
Environment. 
 

e) Catherine Booth and Michael Kirk Graduate Award – endowment 
An award valued at approximately $1,500 will be provided annually to a graduate student 
registered full time in a master’s degree program in the Department of Management Sciences 
in the Faculty of Engineering. Preference will be given to students near the completion of their 
degree (eg., within their final one or two semesters); secondary preference will be given to 
students in the MASc program. Students must have a minimum overall average of 80% over the 
last two full time academic years and have demonstrated financial need as determined by 
Graduate Studies and Postdoctoral Affairs. This award is made possible by a donation from 
Catherine Booth and Michael Kirk, graduates of the Management Sciences MASc program, in 
the amount of $25,000 with a match being made by the Faculty of Engineering.  

Items for Information 
f) Mathematics Domestic Masters Scholarship – operating 

Previously approved at SG&RC in September 2018, the Faculty of Mathematics would like to 
make the following changes to the award for the 2019/2020 cohort of recipients: 
- Reduce the minimum average eligibility requirement from 85% to 80% to make it more in 

line with other awards in Mathematics 
- Remove the recommendation that the award be used as a top-up to funding otherwise 

offered to the student 
- Remove the 2:1 (GSPA:Math) split regarding the scholarship value. For the 2019/2020 

cohort of recipients, the scholarship of $5,000 will be paid entirely from GSPA funds. The 
matching contribution required from the Faculty of Mathematics will be directed to the 
Mathematics Domestic Doctoral Scholarship (MDDS). 

All other criteria in the original terms remain. 
 

g) ORDCF Bell Scholarship – endowment 
In 1998, an endowment of $4.5M was established to enable the university to recruit top-quality 
graduate students, particularly at the doctoral level in the Faculty of Engineering. Formal award 
terms were never created at that time. 
 
Awards are being given out as follows: 
Up to three scholarships will be given each term to doctoral students registered full time in 
Electrical & Computer Engineering, with a preference given to students specializing in the area 
of communication research. The value is equivalent to the current PhD minimum level of GRS 
funding per term. The department of Electrical & Computer Engineering will select recipients 
each term based on scholastic excellence.  
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