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Program Request - Abbreviated Template 
College of Engineering, School of Computing 

Certificate in Big Data 
11/25/2013 

 
Section I: Request 

 
The School of Computing in the College of Engineering is seeking to provide a graduate certificate in big 
data for several types of students outside the school. The proposed certificate would consist of 15 credits 
made up from 5 classes: Data Mining, Machine Learning, Database Systems, Visualization, and Advanced 
Algorithms, all offered in the School of Computing. The program would serve both graduate students from 
related areas such as Biomedical Informatics, Electrical and Computing Engineering, and Math, as well as 
professional computer scientists working in local industry who hope to expand their skills to deal with the 
many related emerging big data analysis and management problems. 
 
This proposal was formed as a joint effort from a committee of 12 faculty in the School of Computing: Mary 
Hall, Charles Hansen, Chris R. Johnson, Mike Kirby, Feifei Li, Miriah Meyer, Valerio Pascucci, Jeff Phillips 
(chair), Paul Rosen, Jur Van Den Berg, Kobus Van Der Merve, and Suresh Venkatasubramanian.   
 
The proposed certificate was discussed in a School of Computing faculty meeting on October 25, 2013, 
and was endorsed by the faculty.  
 
 

Section II: Need 
 
There is a quickly growing need for skills in Big Data. The McKinsey report Big Data: The Next Frontier for 
Innovation, Competition, and Productivity, estimates that the United States will face a shortage of 140 – 
190 thousand deep analytical talent positions and 1.5 million data savvy manager positions in the coming 
years. While many existing degrees aim to specifically train the data savvy managers, including the MSIS 
degree in the Utah Business School, this program is more focused on the more technical skills required for 
the deep analytical talent positions. Companies will highly value individuals with these technical skills since, 
for instance, data in the health care sector alone is estimated to be worth more than $300 billion every year. 
To harness this data, skilled big data scientists are essential to understand, process, and present this data.   
These three interlocking skills require more than just how to run a piece of rapidly changing analytical 
software, but also how to adapt to new techniques, to know which options to attempt based on the data 
properties, how to scale these approaches to every growing data sets in size and complexity.   
 
These needs are not just a national trend; they are especially relevant in Utah. The School has been 
approached by various technology companies with strong local ties, such as Adobe, EMC, Doma, Goldman 
Sachs, Zions Bank, NSA, as well as many smaller start-up operations with foresight to request these skills 
in future employees.   
 
Conveniently, the School of Computing offers graduate level classes in just these areas, taught by experts 
in these areas.  Moreover, the relevant faculty of these courses are cognizant of the role of each in the big 
data phenomenon, as demonstrated by a technical white paper written in the last year: Rethinking 
Abstractions for Big Data: Why, Where, How, and What? (www.arXiv.org/abs/1306.3295).   

http://www.arxiv.org/abs/1306.3295


By formalizing this certificate, it will guide students towards the particular skills and methodologies to 
succeed not just in the next few years, but for the next decades.  It will allow the University of Utah to put a 
uniform and consistent stamp of accomplishment on a focused set of five classes that will help employers 
identify these quality future employees.   

 
Related Programs 
At the University of Utah, the two most related programs are larger and at the Masters level. The School of 
Computing offers a MS in Computing with a specialization track in Data Management & Analysis (soon to 
be renamed, and henceforth referred to as the Data track) and the David Eccles School of Business offers 
an MS in Information Science (MSIS). Both degrees require twice the coursework as the proposed 
certificate, which may be more than desired for students outside of those particular Schools. In particular, 
the proposed certificate will be managed by the faculty chairperson of the School of Computing Data track, 
and the certificate courses will strongly overlap with required courses within that track. In contrast to the 
MSIS, which is intended to cater to students who do not necessarily have a strong CS or programming 
background, the Big Data Certificate is designed to build on existing CS and programming skills. The MSIS 
program also offers a certificate associated with that program; it requires 18 elective credits within the 
Operations and Information Systems department at the DESB.   
 
There already exist several intermountain programs in the related areas of Big Data, Data Science, and 
Business Analytics. The main distinguishing factor in the proposed program is that these classes are 
intended to build on existing computer science and programming skills, and teach the fundamentals of 
advanced computing and analytical techniques for big data.  

• Business Intelligence @ University of Denver.  Masters Degree from the Business School.  
http://daniels.du.edu/specialized-masters-degrees/business-intelligence/ 

• Business Analytics @ Arizona State University.  Masters Degree from the Business School.   
http://wpcarey.asu.edu/master-business-analytics/ 

• Data Science Certificate @ University of Washington.  3 course tools-based certificate.  Taught by 
adjunct professors from local industry.   
http://www.pce.uw.edu/certificates/data-science.html 

 
On a national level there are a handful of programs that may be comparable to the one proposed, and that 
number is quickly growing. Many are like the tool-based programs mentioned above, and are often taught 
out of business schools or by adjunct professors.  However, there are a few programs aiming to train the 
deep analytical talent positions. For instance, in New York City there are two programs catering to 
professionals living in the city: 

• Data Science @ NYU.  Masters Degree. 
http://cds.nyu.edu/academics/ms-in-data-science/ 

• Data Science and Engineering @ Columbia.  Interdisciplinary Masters Degree.   
http://idse.columbia.edu/foundations-data-science 

And there is another related nationally prominent program in North Carolina.  It is an intensive 1 year 
program that dates back to 2007.   

• Advanced Analytics @ NC State.  Masters of Science in Analytics.   
http://analytics.ncsu.edu 

We believe that the proposed program has the potential to not only be a compliment to these programs in 
the West, but also to compete with them nationally given the expertise of the faculty involved.   
 



This certificate program will make gaining a post-secondary degree or certificate more accessible for many 
Utahns who are well qualified to make this next step. It targets students who are have a bachelor’s degree 
and may serve as a feeder program into a more comprehensive MS degree in Computing under the related 
track. Altogether, this will have a positive and tangible effect on the Governor's call that 66% of Utahns will 
have a post secondary degree or certificate by 2020.  
 

Section III: Institutional Impact 
 

No substantial institutional changes are needed.  All classes already exist, and a similar track (which results 
in a MS or PhD in Computing) is offered in Data.  This certificate program may serve as a feeder program 
into the related MS program.  The Big Data Certificate and its students will be administered by the Data 
track faculty. 
 
The program is also planning serveral features designed for making the classes more convenient for 
proferssional students (online video, internet-video office hours, scheduling considerations). These will be 
deployed in such a schedule so that more distance education features are offered proportional to the 
increased enrollment, and so that they will not incur any additional net costs. Early experimentation with 
these features has yeilded extremely positive feedback. One such feature for professional students would 
be to offer the classes in consecutive blocks in the late afternoons and evenings, and the relevant faculty 
slated to teach the required classes have agreed to reschedule their classes if they are not already at these 
times.   
 
In fact, it is hoped that if this certificate program and the related masters degree are successful, then many 
of the distance education techniques can be easily extended to other programs and tracks offered by the 
School of Computing and other departments at the University.   
 

Section IV: Finances 
 

No outside financing is required to offer this certificate. The department hopes it will attract a significant 
number of new students to existing classes already taught on a regular basis.  
 
The program hopes to offer videotaped lectures to the enrolled students. These students may be regular 
matriculated students, professional masters students, in addition to the students primarily in the classes for 
the certificate. Utah Video Services Coordinators offer to videotape lectures for roughly $4000 per 3-credit 
class. This cost can be offset by a few additional students per class. Alternatively, the School has been 
experimenting with TAs or a rotating set of students recording videos for class, and then uploading them 
with minimal processing to a free hosting site (such as a private channel on YouTube). This incurs no 
additional cost, using existing off-the-shelf camera equipment. It does require some time, but is not a major 
burden on a TA, especially since making videos of lectures available often reduces the questions asked of 
the TA from students who can watch a missed lecture, or re-watch the relevant part of a lecture.   
 
It is hoped that experimentation with video taping of lectures can serve as a model for many more classes 
in the future. With the gained experience, the cost of such expenditures should only decrease as the 
program grows.  
 
 



Section V:  Program Curriculum 

Course Prefix and Number Title Credit Hours 

Required Courses 
CS 6140: Data Mining  

CS 6350: Machine Learning 
CS 6630: Visualization 

CS 6150: Advanced Algorithms  

3 
3 
3 
3 

Sub-Total 12 
Elective Courses CS 6530: Database Systems 

CS 5530: Database Systems 
3 
3 

Sub-Total 3 
Track/Options (if applicable)   

Sub-Total 0 
Total Number of Credits 15 

 
Program Schedule 
All certificate classes are offered every year in either the Spring or Fall semester. In the past CS 6350: 
Machine Learning was offered in the Fall semester, but starting with the 2014-2015 academic year, it will 
be offered in the Spring semester to accommodate a more balanced schedule for, among other things, this 
certificate. That is, starting from Fall 2014, courses CS 6530, CS 6630, and CS 6150 are offered every Fall, 
and course CS 6140, CS 6350, and CS 5530 are offered every Spring.   
 
A typical schedule for a student aiming to complete the certificate in a single year would look as follows: 
 
Fall (Semester 1):   
CS 6630: Visualization – 3 credits 
CS 6530: Database Systems – 3 credits  
CS 6150: Advanced Algorithms – 3 credits 
 
Spring (Semester 2):  
CS 6140: Data Mining – 3 credits 
CS 6350: Machine Learning - 3 credits 
 
Alternatively a 4 semeseter variant, might be popular among very busy professional students or a student 
completing a 2 year degree in another department.  A suggested more spread out schedule is as follows: 
 
Fall (Semester 1):   
CS 6530: Database Systems – 3 credits  
 
Spring (Semester 2):  
CS 6360: Data Mining – 3 credits 
 
Fall (Semester 3): 
CS 6630: Visualization – 3 credits 
CS 6150: Advanced Algorithms – 3 credits 
 



Spring (Semester 4):  
CS 6350: Machine Learning - 3 credits 
 
 
Training in Big Data Ethics 
Big Data raises many ethical issues, and the School feels it is important that the students obtaining this 
certificate are educated in these issues. All of the core courses include lectures which discuss ethical 
issues associated with data management and analysis. The School of Computing will ensure that these 
topics remain a point of emphasis in the required classes.   
 
Data Mining: 
The course includes a segment about the privacy of data. It describes successful and un-successful de-
anonymization techniques to prevent the leakage of private information while allowing global structure to be 
mined. Case studies are presented where these techniques have failed; the consequences for all parties 
are discussed. The related ethical issues are also discussed in various forms throughout the class, 
including in a hands-on project with real data.   
 
Machine Learning: 
This course will be interspersed with discussions about the societal impact of machine learning and the 
choices that practitioners may face in the design and choice of learning algorithms. It will cover the 
interpretability and auditabilty of decisions made by learned programs and how this impacts the choice of 
learning algorithms. It will also include discussions about ethical questions involved when machine learning 
is applied to sensitive information (such as health records, personal emails or law enforcement data). 
 
Database Systems: 
This course discusses access control and security issues in database systems, and the related ethical 
issues hinged on such topics.  Numerous sensitive data are stored in a database system. Without proper 
mechanism in place to ensure and enforce a set of desirable access policies, such databases are not 
deployable in practice. The design and implementation of modules inside the modern database systems 
that safeguard access to the data will be discussed. Nevertheless, any database systems cannot prevent 
inside-attacks. Hence, as part of the ethical training, the ethical behavior of database administrators and 
application developers will be discussed. 
 
Algorithms: 
The course will include a unit on the larger social context of algorithm design. Topics that might be covered 
include work on algorithm design to ensure fairness in allocating resources, the quantifying of privacy as a 
resource and how to preserve it, techniques to obfuscate (or conversely, make transparent) code 
execution, as well as theoretical concepts that form the basis of explanation and interpretation of data 
analysis. The consequences of these choices will be discussed.   
 
Visualization: 
This course covers the ethics behind creating visual representations of data. We discuss principles such as 
visualizing data in context, the importance of meaningful baselines, the Lie Factor, and proper labeling. 
Using these principles students not only critique existing visualizations, but also design their visuals to tell 
stories with data in an open, and transparent, way. 
 









Richard B. Brown
Dean of Engineering
1692 Warnock Engineering Building
72 S. Central Campus Drive
Salt Lake City, Utah 84112
PH: (801) 585-7498   FAX: (801) 581-8692 
brown@utah.edu
http://www.coe.utah.edu/~brown
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November 5, 2013

Al Davis
Professor and Director
School of Computing
University of Utah
Salt Lake City, Utah

Dear Prof. Davis,

I am pleased to write a letter of support for the masters certificate in Big Data Engineering as pro-
posed by Jeff Phillips and 11 other faculty from the School of Computing.  This is a new area of 
strength within the College of Engineering, as seen by several recent faculty hires in this area and 
the creation of the Center for Extreme Data Management and Visualization (CEDMAV).  It is also 
an area that has received a lot of interest from students.  Within the School of Computing the num-
ber of students specializing in this area has been quickly increasing.  

Masters students in the School of Computing can focus in this area as a track in the computing 
degree.  But other students who may want to gain a background in Big Data have had no way to 
have that expertise recognized. The graduate certificate in Big Data will meet that need. The area  
has already been attracting a diverse set of students from outside the School of Computing. The 
core classes draw students from departments such as Civil Engineering, Biomedical Informatics, 
and Mathematics.  Several students from local industry have also been taking these classes, often 
through continuing education, and I anticipate that this cohort will grow with a certificate being 
available.  

The certificate, as designed and administered by Jeff and the other School of Computing faculty, 
will provide guidance on which classes are most important for this emerging topic.  It will put a 
stamp of achievement on a transcript for those students.  Furthermore, we believe that formalizing 
this certificate will attract new students, and encourage some of these students to continue on to 
obtain a masters degree in related areas.

In summary, Big Data is a priority technical area for the College of Engineering, and a certificate in 
this area fits well with the University’s academic goals.  We have considerable strength in this 
important emerging area, and establishing this graduate certificate in Big Data will help the U to 
better serve the needs of our students and local industry while building the reputation of of our 
School of Computing.
        
Sincerely,

Richard B. Brown                           
Dean of Engineering                                


