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Data Science Program - Collaborative Effort and Goal

a F
The Data Science Program at Montafla heéeh-is a gollaborative
effort between the Department ‘of Computer Science arfé tHe, " |

: Y
Statistics Department. ¥y ") i

v " L}
The Data Science curriculum is designedtb 1;1361.100 g'radua‘g_es
with strong statistics and, computer science tfaining'iince a data
i

scientist must be proficient in both areas. -* '.,F_ a p =

. i F
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Data Science Program - History

e Originally Data SciencesSubject Matter was a

Concentration Option in: the Stdtlbtl(,b Plogr@m
e Approved by the Board of Regents ifi Septemiber of 2016
e N
e First Course offered during the,Fall 02017 X =

e Currently approximately five (5) underggaauété. studgﬁts in
[ b L2

the program and growing : .p " ¥
e Statistics Graduates working in Data Scmnce . g )
e Chris Dienes, BS Statistics, Mont(ma Tach and PL.D. ,' ]
Statistics, UC Davis [ 3

e Baili Connors, BS Statistics, Montana Tech P




Data Science Program - Additional Courses

e Statistics Department 2 :

e STAT 453 StatisticaliLearning and Data Science T
e STAT 454 Statistical Learning and Data §c1ence -y

e STAT 456 Bayesiah Statistical Inféréhce i '-.'I
e Department of Computer Science i Loy ; '.
e CSCI 347 Data Mining (Refactored) g = [
e CSCI 444 Data Visualization : d | =k !
e CSCI 447 Machine Learning ool [ 4
e Capstone Project Senior Year ™ - ; -2 a
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Statistics Curriculum in the Data Science Degree

The goal of the statistics component of thesDat4 Sc1en3e dggree

is to give the students a strong background‘in bot@ theoretlcal

and applied statistics. A data scientist withdlga btrohg
L |

L L}
understanding of statistics if not a well-trainad analygt.
i - ‘e
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STAT 332 Statistics for Scientists and Engineers

Credits: 3 (spring sophomore)

Prereq: M172 Calculus II IR s )

Description: Studies probability, rando;n.vari.ablew hni-va?i.ate
discrete and continuotis probgbiity models, #

expected values, sampling distri-’tij,ﬁtibn,l dita =5

collection, peint and interval gstimation, and-"1 _uey
hypothesis testing. e % T
Z E o
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STAT 421 Probability Theory

Credits: 3 (fall junior) ! o=
Prereq: STAT 332 - pi M "

Description: Studies probability, randoni variablesy bxpec'%ed.
values, discrete and continuoys probabilify #
distribution, multivariate probabﬁitj’ distributibns
generating functions, sums of.mdependent random _uey
variables, and the Central Limit Theogem® « @
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STAT 422 Mathematical Statistics

Credits: 3 (spring junior) p
Prereq: STAT 421
Description: Studies the theory‘behind point .ﬁst.imatbrr,"t.e:s‘_cs

of hypotheses, confidence in‘Eervals., a;lld-decisian
theory. Topics discussed inclydastatistics, order
statistics, method of moment estﬁ'ha"cion -
maximum likelihood estimatign; -decmon theoretlc LI
estimation, Neyman-Pearsonstesting, h.kelrhodl

ratio testing, and confidence interval proceduires.
i [




STAT 432 Regression and Model Building

Credits: 3 (spring junior) N :
Prereq: STAT 332 ' #iq LS

] .
2 |

Description: Detailed study of classmal Simple lmqar and
L)
multiple regression, model dqagngﬁths and’ 5

assessment, and an 1ntroduct10n:to gedel*ah.zed_
linear models. iy 1k oy 4
- -
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STAT 435 Statistical Computing and Exploratory Data

Analysis

Credits: 3 (spring senior)
Prereq: STAT 332 o §

Description: Techniques available tothe statistidian for-ac’
efficient use of the computes to pe%fo-rm data e A
management and‘exploratory: stat!stita'i analy'sels.
Programming statistil(.:al sofﬁv&'far%i'forl the 'ir'npor};
and export of data, variable sor.t:mg, cr'tﬂti(:n of
new variables, descriptive sta_t'iétics and di_s;l)-la}a/ing-
data efficiently are discussed. Special ﬁlodell:n . 3
statistical topics including bootstrapping alid

nonparametric modeling are discussed.




STAT 441 Experimental Design

Credits: 3 (fall senior)
Prereq: STAT 332 E 4

Description: Studies concepts and applications of. the

collection of data and propax desig‘h of . W
experiments. Aspects of design, Szimphpg i
principles, exploratory data ahai%é'ls COH'ﬁde'IlCQ
intervals and hypothesis teqtlng,:and baBic !
experimental design are taugHt' The importanc'c_ of
randomization, replication, and methoﬂs for . 3

reducing experimental error are emphamzedlll

10



STAT 453 Statistical Learning and Data Science I (new)

Credits: 3 (fall senior) s =
Prereq: STAT 332 and STAT 432 #

4

Description: Introduces the.student to statiétical learmng,
model accuracy, snnple and multlpleilqear

regression, cla851ﬁcat10n logls"tlc aég;essmn ;

discriminant, analysis, Bayes: Th@orem fér

k g =T L
classification, and resampling®ethods, such#as” "+ d
cross-validation and the bootstrap. g s ; . 3
L
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STAT 454 Statistical Learning and Data Science II (new)

Credits: 3 (spring senior)

Prereq: STAT 453 S

‘ - |- [ ]
Description: Designed to be a rigerous .1ritr0d+uct10n O

concepts in stathtlcal learninig, foéuqlng on'both -

"
supervised and unsupervmed learaln,g Topics L

include linear modeling, non-lindar modéling, |
]
principle component analysis;*¢lustering methods, s
- ' " ]
- F
L

and using R.
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STAT 456 Bayesian Statistical Inference (new)

Credits: 3 (spring junior) p
Prereq: STAT 332

Description: Introduces the student to squeqtiué probability,
Law of Total Probability, Béyes Theorert, prio"r-
and posterior distribution, copjugate pliqs,#

non-informative priors, Baye'sianr'ﬂsthnfition,

credible intervals, Bayesian-hypatliesis testing, _uey

prediction, Gibbs sampling, hiefalrchicq.l B'ay-ediaﬁ .

analysis, and computer implemerllted data afalysis.
L

13




o a

Computer Scieneé: Curriculym ing . =
¥ - § -"

Data Science Degree Prograng:* ' &+
. g i ¥ . w

T ¥
L3 |' I




Computer Science Curriculum in the Data Science Degree

The goal of the computer science componerit-of thie Data

Science degree is to give the students’s s#org background in
foundational computer science - including data‘stfuct:ﬁ‘es: ;- i
algorithms, object oriented programming and design.' ahd@ T

discrete structures. As the students encountdt-advancéd *

statistical concepts and methods for 'data sci'e(?ce,‘ thigse concrepts

and methods are synthesized in the computef'_science coh_rs-e-s of b

data mining, machine learning; and data visualizati®n; - & ]
L
E
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CSCI 102 Computational Thinking

Credits: 3 (fall freshman)
Prereq: none
Description: Computational thinkingdnvolves solving
problems; designinggsystems, and toiunderstanding
human behavior, by drawing‘ on tlie (Ebncepta_. "
fundamental to computer sdieice, Critical t.hinl'ging
involves the systematjc evalua.mtign' ofﬂfnfo.rmqtlion,.
and is a crucial piece of problem.é(')lving. The tawo
are combined to provide a pox:vel;'_'ful set ®f toolsto o :
understand and solve the kinds 'of problemsl'tbey. j
will encounter. The lab incorporates aTlows, 2 4
students to carefully and systematically anglyze
problems and demonstrate the correctness of gheir

solution by implementing it insprogram code.
15




CSCI 135 Foundations of Computer Science I

Credits: 3 (fall freshman)
Prereq: M151 Precalculus

Description: Introduces the beginning programther to the
fundamentals of object-oriented plogramming
while becoming acquainted gvith Inany of the e,dre
features of Java. The student w1ll'bepe}§posed £0.
the creation of a Varlety of ga'hle%an.d apphcatlpns
After the basics, the student W1H learn*fio develop
his or her own systems of cla@ses, eventually—
working with many of Java’s GraphlcaT User . 3
Interface (GUI) features and wilk develop a lElesktop

Windows application.
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CSCI 136 Foundations of Computer Science II

Credits: 3 (spring freshman) % .
Prereq: CSCI 135 it iy et

Description: A continuation of CSCI 139" Ekp].prgzs the ﬁner
and more subtle elements ofvd pragx,@mmulg
language. Programming technigfies anédstructures

t
include arrays, records, and lihked lists. i

W

- F
|
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CSCI 232 Data Structures and Algorithms

Credits: 3 (fall sophomore)

Prereq: CSCI 136 ‘ e b M- A
Description: Commonly used structures found in po'input?ng '
and the algorithms which mapipulate them are
studied. Design and analysié of -iﬁgo’fitlllms are-:
emphasized. Topics include stacks;"queues;igeneral * ® o
lists, trees, hashing, searching, arnd sorging. n # .
= E o
i L
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CSCI 246 Discrete Structures

Credits: 3 (fall sophomore)
Prereq: CSCI 136 E £

Description: Course includes those Ilnat'hematical topics_\.yh_ich
will help students in future cotirses: Tt reﬁnes e
problem solving skllls by prov1d1ng awqcabulary,
structures and technlques fo-r'woﬁgm.g with
problems. Topics include logie, ﬂheorerﬂprovmg,
properties of sets, functions, Ielatlons and |

1

sequences, counting tcchnlques, rcchsfon, an
E

graph theory. 4

19




CSCI 332 Design and Analysis of Algorithms

Credits: 3 (spring sophomore)
Prereq: CSCI 232
Description: Uses and reinforces basié ‘data Structure

knowledge and techniques from Data Structutes
and Algorithms (GSCI 232). Covers Severgl v v
advanced data structures, 1nclud1ng balahced | "'.
search trees and graphs. Studle; conﬁnbn "
algorithm design methods (BrutielﬁFdrce, Decrédse
and Conquer; Divide and Con.qq.er, Gr(legdy. anc} i
Dynamic Programming) to solvé'variogs G-la,ésjc .- ;
problems. Emphasizes the space an@ time 7
complexities of various data structures and #heir
associated algorithms.

20




CSCI 340 Database Design

Credits: 3 (spring sophomore)
Prereq: CSCI 136 E £

Description: Studies concepts and a.pplications in datab_afe_
management including;the relatioﬁal'mode a0
relational algebra; Structural Quefy Lapguage
(SQL), normahzatlon transaémogs and B tq,
avoid SQL-injection. XML, No SQL and Blg Data
are introduced. Information %’ceward%hlp ISR
discussed. Students get a chance to __prﬂtotypé' a’ 3

database application working in ‘groups. 4

21



CSCI 347 Data Mining (refactored)

Credits: 3 (fall junior) &
Prereq: CSCI 340

a F
2

Description: Provides a grounding in‘data minin.g techniques
and prepares students to deéign, use, and evaluate
these techniques on afvariety ofsapplication #
domains and for the purposé of-i(,ﬁci’éioln SUppott.
Topics include decision trees, rule basecf systels) L
statistical approaches, neurak né't'vvorks, arich. # .
instance-based approaches. . e F

L
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CSCI 444 Data Visualization (new)

Credits: 3 (spring junior)
Prereq: CSCI 135 .
Description: Covers the principles, Iflé'tho__ds, and techniques

for effective visual analysgis'ofgdatd. Students will
use both commongand special Softyyar'e pagkagessto
explore different’visualization apphcathns L .. i
Students will learn hew. to formglate% ) numerlcal
models, translate 3-D models 1nti' gl'dphlcal L
displays, and create time bequen;c:% and § -t i
pseudo-animations. The cougse-covers mt@r@c.pve 3
versus presentation techniques and Special
techniques for video, DVD, and other medid

displays.

23




CSCI 446 Artificial Intelligence

Credits: 3 (fall senior)
Prereq: CSCI 332 J

Description: An introduction to the basié concepts 0?
Artificial Intelhgence Topigsito be Covgled 1nclude
the history of Al, the problenis tﬁat‘ed in AI
solution techniques, state spaees" searcﬂalgouthms

and heuristics, expert %y%tcm% natural langua C.
W
- F
L

processing, and robotics.
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CSCI 447 Machine Learning (new)

Credits: 3 (spring senior) p
Prereq: CSCI 332

Description: Introduction to the framework .of le'arnirg from

examples, various learning allgoritlllms suth as. 1

neural networks, andgeneric learning principles

such as inductive bias, Occzim’s-iﬂ'az'br,l and data

mining. Reviews some statisticabilearning:# =1 pui
techniques, but focus is on n@n—"s’catistipal' n # .

Z E o

techniques.
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STAT /CSCI 499 Capstone Project

Credits: 4 (spring senior) i L
] Y
Prereq: Data Science Major and Senior St-andin'g.

Description: Data science Concepts and: fhetbodls apphed tpa
specific problem domain. : d |

26




Data Science Student
Opportunities j
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Data Science Student Opportunities - Research

A i mor
] n
e Summer Undergraduate Research Fellowship ‘SU‘RF) I

e Undergraduate Research Program (A s

r.p L] ¥
|..- ' 1 .-. ' F
F 1, " -I‘.
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Data Science Student Opportunities - Internships

1 '
iy L
e Micron in Boise Idaho - 2 Students & * e --.'I
e White Sands New Mexico - 1-Student " 1 o
e Google - 2 Students : -ri' - o L
B ] i : -. 4 13
£ -
L E L
|
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Data Science Student Opportunities - Employment

1 '
BB =
e Micron in Boise Idaho - Manufacturilng, PEOCgs‘s: 5 R
e Sofi in Helena - Analytics, Firi.ancial.Mo?:lﬁhr;.g i :
uF : > - .
o T . ¥,
L o 2
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Challenges thus Far:
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Challenges

4 '
d
o
e Recruiting into the Program : i |
G s
e Faculty Resources ¥ . i b
e Data Analytics . -ri' - o -
i e ‘e
. S
= E o
L
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Challenges - Strategies for Addressing

a F
e Recruiting into the Program - outreach coordinator and

university engagement il o T
J B . -
e Faculty Resources - data science experiences,i)a'ckgroun'd in
L]
new hires ! ey ¥,
L | L}

e Data Analytics - possible collaboration with buﬁlneis -
]
information technology L | p il 4
. it

< E o
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Questions?



For Additional Information

e Rick Rossi, Ph.D.
Program Director

Statistics Department il
406-496-4356, rrossi@mtech.edu v ¥ .. LS

e Michele Van Dyne, Ph.D. ; £ ¥ -.' i
Department Chair ! ey 1
Department of Computer Science '.-'il = § "
406-496-4855, mvandyne@mtech.edu -j' e

e e o
Montana Tech Web site at http://www.mtech.edtr F ¥

Dept. of Computer Science Web site at http: / /cs.mtech.@du
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