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I NDI AN I NSTI TUTE OF DATA SCI ENCE  

TH E GL OBAL  OEPN U NI VERSI TY NAGAL AND  
Sodzulhou Vil lage, 7th M ile, Opp. JCB Showroom, Chumoukedima - 797115, Nagaland 

 
The detai l s of  t he paper w i se di st r i bu t i on  of  t he one year  Post 
Gr aduate Di ploma i n  Data Sci ence con ducted  by  t he I n di an  
I nst i t u te of  Data Sci ence (I I D S), a Const i t uen t  Un i t  of  The 
Global  Open  Un i ver si t y  Nagaland, cu r r i cu lum and fee et c. ar e 
men t i oned below  : 

POST GRADUATE DI PLOMA I N DATA SCI ENCE 

SEM ESTER I :  

PAPER 1: 

I NTRODUCTI ON T O DATA SCI ENCE  

Cour se Dur at i on : 15 w eek s 

Cour se Descr i p t i on : This course provides students with a foundat ional  
understanding of data science concepts, techniques, and appl icat ions. Students wi l l 
learn how to acquire, clean, explore, and analyze data, as wel l  as communicate 
insights effect ively through data visual izat ion and storytel l ing. The course also 
int roduces basic stat ist ical  methods and prepares students for  more advanced topics 
in later  courses. 

Week  1-2: I n t r oduct i on  t o Dat a Science 

 Overview of data science and i t s role in var ious indust r ies 
 Historical  context  and evolut ion of data science 
 Data science l i fecycle and key stages 

Week  3-4: Dat a Acqu i si t i on  and  Clean ing  

 Data sources and types (st ructured, unst ructured, semi-st ructured) 
 Data col lect ion methods and considerat ions 
 Data cleaning techniques (handl ing missing values, out l iers, etc.) 
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 Data preprocessing and t ransformat ion 

Week  5-6: Dat a Exp lor at i on  and  Vi sual i zat i on  

 Exploratory data analysis (descr ipt ive stat ist ics, data dist r ibut ions) 
 Data visual izat ion pr inciples and best  pract ices 
 Int roduct ion to data visual izat ion l ibrar ies (e.g., Matplot l ib, Seaborn) 

Week  7-8: I n t r oduct i on  t o St at i st i cal  Anal ysi s 

 Basic concepts of probabi l it y and stat ist ics for  data science 
 Descr ipt ive and inferent ial  stat ist ics 
 Sampl ing techniques and sampl ing dist r ibut ions 
 Cent ral  l imit  theorem and confidence intervals 

Week  9-10: St at i st i cal  I n fer ence and  H ypot hesi s Test i ng  

 Hypothesis formulat ion and test ing 
 One-sample and two-sample t -tests 
 Chi-squared tests for  categor ical  data 
 Interpret ing p-values and making conclusions 

Week  11-12: Regr essi on  An al ysi s 

 Simple l inear  regression 
 Mult iple l inear  regression 
 Model evaluat ion and interpretat ion 
 Residual analysis and model diagnost ics 

Week  13-14: Exp lor at or y  Dat a Anal ysi s w i t h  Pyt h on  

 Using Python for  data manipulat ion (Pandas) and visual izat ion (Matplot lib, 
Seaborn) 

 Grouping and aggregat ing data 
 Creat ing meaningful  visual izat ions to ext ract  insights 

Week  15: Capst one Pr oj ect : Dat a Exp lor at i on  and  Vi sual i zat i on  

 Students work on a guided capstone project 
 Applying concepts learned throughout  the course to analyze and visual ize a real-

wor ld dataset 
 Presentat ion of findings and insights 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of concepts and techniques 
 Pract ical  exercises using Python for  data manipulat ion and visual izat ion 
 Group discussions and case studies to apply concepts to real-wor ld scenar ios 
 Capstone project  to demonst rate proficiency in data explorat ion and visual izat ion 
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Recommended Resour ces: 

 "Python for  Data Analysis" by Wes McKinney 
 "Data Science for  Business" by Foster  Provost  and Tom Fawcet t 
 Online tutor ials and documentat ion for  Python l ibrar ies (Pandas, Matplot l ib, 

Seaborn) 

OVERVI EW OF DATA SCI ENCE CONCEPTS AND APPL I CATI ONS 

Cour se Dur at i on : 12 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
int roduct ion to the fundamental  concepts, methodologies, and appl icat ions of data 
science. Students wi l l  gain an understanding of the data science ecosystem, i ts 
interdiscipl inary nature, and i t s role in solving real-wor ld problems across var ious 
domains. The course covers key data science processes, techniques, and tools, 
set ting the stage for  deeper explorat ion in subsequent  courses. 

Week  1-2: I n t r oduct i on  t o Dat a Science 

 Defining data science and i t s signi ficance in modern society 
 Historical  context  and evolut ion of data science 
 Data science vs. related fields (stat istics, machine learning, AI ) 
 Ethical  considerat ions and responsible data science 

Week  3-4: Dat a Sci ence L i fecycl e 

 Overview of the data science li fecycle stages 
 Problem formulat ion and project  scoping 
 Data col lect ion, cleaning, and preprocessing 
 Exploratory data analysis and feature engineer ing 

Week  5-6: Dat a St or age and  Ret r i eval  

 Data storage technologies (databases, data warehouses, NoSQL) 
 St ructured vs. unst ructured data 
 Int roduct ion to SQL and data querying 
 Data ret r ieval  and manipulat ion techniques 

Week  7-8: Dat a Exp lor at i on  and  Vi sual i zat i on  

 Exploratory data analysis techniques 
 Data visual izat ion pr inciples and best  pract ices 
 Effect ive communicat ion of insights through visual izat ion 
 Int roduct ion to data visual izat ion tools (Matplot l ib, Seaborn, Tableau) 

Week  9-10: M ach ine L ear n i ng Fundam ent al s 

 Int roduct ion to machine learning concepts 
 Supervised, unsupervised, and reinforcement  learning 
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 Model t raining, evaluat ion, and select ion 
 Appl icat ions of machine learning in data science projects 

Week  11-12: Real -w or l d  App l i cat i ons of  Dat a Science 

 Case studies showcasing data science appl icat ions in var ious domains (healthcare, 
finance, market ing, etc.) 

 Indust ry t rends and examples of successful  data-dr iven projects 
 Guest  lectures by data science professionals shar ing their  exper iences 
 Impl icat ions of data science on business st rategies and decision-making 

Assessment  M et hods: 

 Writ ten assessments and quizzes to gauge understanding of key concepts 
 Pract ical  assignments involving data explorat ion, visual izat ion, and basic machine 

learning 
 Group discussions and case study analysis to encourage cr i t ical  thinking 
 Final  project  where students apply data science pr inciples to solve a real-wor ld 

problem and present  their  findings 

Recommended Resour ces: 

 "Data Science for  Business" by Foster  Provost  and Tom Fawcet t 
 "Python for  Data Analysis" by Wes McKinney 
 Online tutor ials and documentat ion for  data visual izat ion tools (Matplot lib, 

Seaborn, Tableau) 
 Academic and indust ry ar t icles showcasing data science appl icat ions 

DATA ACQUI SI TI ON, CL EANI NG, AND EXPL ORATI ON  

Cour se Dur at i on : 12 w eek s 

Cour se Descr i p t i on : This course focuses on the crucial  ini t ial  stages of the data 
science process: acquir ing, prepar ing, and explor ing data. Students wi l l  learn how 
to effect ively collect  data from var ious sources, clean and preprocess i t  to ensure 
qual i t y and rel iabi l i t y, and use exploratory techniques to gain insights. Pract ical 
ski l ls wi l l  be developed through hands-on exercises and real-wor ld datasets. 

Week  1-2: I n t r oduct i on  t o Dat a Acqu i si t i on  and  Sour ces 

 Importance of data acquisi t ion in data science 
 Types of data sources (st ructured, unst ructured, web scraping, APIs) 
 Ethical  considerat ions in data col lection and usage 
 Data acquisi t ion tools and techniques 

Week  3-4: Dat a Col l ect i on  and  Pr epr ocessing  

 Data col lect ion methods (surveys, sensors, web scraping, etc.) 
 Data formats (CSV, JSON, XML, etc.) and data storage 
 Data qual i t y issues and common chal lenges 
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 Data preprocessing techniques (cleaning, t ransformat ion, integrat ion) 

Week  5-6: Exp lor at or y Dat a An al ysi s (EDA) 

 Purpose and benefi ts of exploratory data analysis 
 Data summarizat ion and descr ipt ive stat ist ics 
 Visual izing data dist r ibut ions and relat ionships 
 Ident i fying out l iers and anomal ies 

Week  7-8: Dat a Clean ing and  Tr ansfor mat i on  

 Techniques for  handl ing missing data (imputat ion, removal) 
 Deal ing with dupl icates and inconsistencies 
 Data t ransformat ion (normal izat ion, scal ing, encoding) 
 Feature engineer ing and creat ion of new var iables 

Week  9-10: Dat a Vi sual i zat i on  for  Exp lor at i on  

 Principles of effect ive data visual ization 
 Visual izing dist r ibut ions, t rends, and pat terns 
 Creat ing meaningful  plots and char ts using l ibrar ies (Matplot l ib, Seaborn) 

Week  11-12: Exp lor i n g H igh -Dimension al  Dat a  

 Chal lenges of working with high-dimensional data 
 Dimensional i t y reduct ion techniques (PCA, t -SNE) 
 Cluster ing and grouping simi lar  data points 
 Visual izing high-dimensional data using dimensional i t y reduct ion 

Assessment  M et hods: 

 Assignments and quizzes to assess understanding of data acquisi t ion and 
preprocessing concepts 

 Pract ical  exercises involving data cleaning, t ransformat ion, and visual izat ion 
 Exploratory data analysis projects using real-wor ld datasets 
 Group discussions and case studies to apply techniques to diverse data sources 

Recommended Resour ces: 

 "Python for  Data Analysis" by Wes McKinney 
 Online tutor ials and documentat ion for  data cleaning and visual izat ion l ibrar ies 

(Pandas, Matplot lib, Seaborn) 
 Research papers and ar t icles on best  pract ices in data preprocessing and 

exploratory analysis 

DATA ACQUI SI TI ON, CL EANI NG, AND EXPL ORATI ON  

Cour se Dur at i on : 12 w eek s 
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Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of the data preprocessing phase in the data science l i fecycle. 
Students wi l l  learn how to acquire data from var ious sources, clean and preprocess 
i t  to ensure qual i t y, and explore data using stat istical  and visual izat ion techniques. 
Pract ical  exercises and real-wor ld case studies wi l l  reinforce these concepts. 

Week  1-2: I n t r oduct i on  t o Dat a Acqu i si t i on  and  Sour ces 

 Importance of data acquisi t ion in the data science process 
 Types of data sources: st ructured, unst ructured, semi-st ructured 
 Ethical  considerat ions in data col lection and usage 
 Data acquisi t ion methods: web scraping, APIs, databases 

Week  3-4: Dat a Col l ect i on  Techn i ques 

 Surveys, quest ionnaires, and interviews 
 Sensor data and Internet  of Things (IoT) 
 Social  media data and sent iment  analysis 
 Hands-on exercise: Col lect ing data using web scraping and APIs 

Week  5-6: Dat a Clean ing and  Pr epr ocessing  

 Data qual i t y assessment  and common issues (missing values, out l iers) 
 Handl ing missing data: imputat ion, removal, interpolat ion 
 Deal ing with dupl icates and inconsistencies 
 Data t ransformat ion and normal izat ion techniques 

Week  7-8: Exp lor at or y Dat a An al ysi s (EDA) 

 Purpose and benefi ts of EDA in understanding data 
 Descr ipt ive stat istics: measures of cent ral  tendency, dispersion, skewness 
 Data visual izat ion: histograms, scat ter  plots, box plots 
 Hands-on exercise: Creat ing EDA visual izat ions using Python l ibrar ies 

Week  9-10: Advanced  Dat a V i sual i zat i on  Techn iques 

 Mult ivar iate data visual izat ion 
 Visual izing relat ionships between mult iple var iables 
 Interact ive visual izat ions using tools l ike Plot ly 
 Hands-on exercise: Creat ing interactive visual izat ions for  complex datasets 

Week  11-12: D imensional i t y Reduct i on  and  Feat u r e Engin eer i n g  

 Techniques for  reducing dimensional i t y: PCA, t -SNE 
 Importance of feature engineer ing in improving model per formance 
 Creat ing new features from exist ing data 
 Hands-on exercise: Applying dimensional i t y reduct ion and feature engineer ing to a 

dataset 
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of data acquisi t ion, cleaning, and 
explorat ion concepts 

 Pract ical  exercises involving data cleaning, preprocessing, and visual izat ion 
 Exploratory data analysis projects on real-wor ld datasets 
 Group discussions and case studies to analyze and interpret  complex data scenar ios 

Recommended Resour ces: 

 "Python for  Data Analysis" by Wes McKinney 
 Online tutor ials and documentat ion for  data preprocessing and visual izat ion 

l ibrar ies (Pandas, Matplot l ib, Seaborn) 
 Research papers and ar t icles on best  pract ices in data preprocessing and 

exploratory analysis 

BASI CS OF DATA VI SUAL I ZATI ON  

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on the fundamental  pr inci ples of data 
visual izat ion, cover ing techniques to effect ively communicate insights from data 
through graphical  representat ion. Students wi l l  learn how to create clear , 
informat ive, and engaging visual izat ions, enabl ing them to convey complex 
informat ion to diverse audiences. Hands-on exercises and real-wor ld examples wi l l 
reinforce the concepts. 

Week  1-2: I n t r oduct i on  t o Dat a Vi sual i zat i on  

 Importance of data visual izat ion in data analysis and communicat ion 
 Role of data visual izat ion in exploratory and explanatory analysis 
 Historical  context  and evolut ion of data visual izat ion techniques 
 Ethical  considerat ions and responsible visual izat ion 

Week  3-4: Dat a V i sual i zat i on  Pr i nci p l es and  Design  

 Key pr inciples of effect ive data visual izat ion (accuracy, clar i t y, efficiency, 
aesthet ics) 

 Visual percept ion and cognit ive aspects of visual izat ion 
 Understanding the audience and tai lor ing visual izat ions accordingly 
 Color  theory and best  pract ices for  color  usage 

Week  5-6: Exp lor at or y Dat a Vi sual i zat i on  

 Purpose of exploratory data visual izat ion in data analysis 
 Types of exploratory visual izat ions: scatter  plots, histograms, box plots 
 Visual izing dist r ibut ions, relat ionships, and pat terns 
 Hands-on exercise: Creating exploratory visual izations using Python l ibrar ies 

(Matplot l ib, Seaborn) 
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Week  7-8: Exp lanat or y Dat a V i sual i zat i on  

 Creat ing explanatory visual izat ions for  storytel l ing and presentat ion 
 Designing effect ive narrat ives with visual izat ions 
 Visual izing t rends over  t ime, compar isons, and hierarchies 
 Hands-on exercise: Craft ing explanatory visual izations using advanced techniques 

Week  9-10: I n t er act i v e and  Dyn amic Vi sual i zat i ons 

 Importance of interact ivi t y in engaging visual izat ions 
 Tools and l ibrar ies for  creat ing interact ive visual izations (D3.js, Plot ly) 
 Adding interact ivi t y to stat ic visual izat ions: tool t ips, fi lters, animat ions 
 Final  project : Designing and present ing an interact ive data visual izat ion 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of data visualizat ion pr inciples 
and techniques 

 Pract ical  exercises involving creat ing and customizing visual izat ions using data 
 Project -based assignments on exploratory and explanatory data visual izat ion 
 Final  interact ive visual izat ion project  and presentat ion 

Recommended Resour ces: 

 "Storytel l ing with Data" by Cole Nussbaumer Knafl ic 
 "Data Visual izat ion: A Pract ical  Int roduct ion" by Kieran Healy 
 Online tutor ials and documentat ion for  data visual izat ion l ibrar ies (Matplot lib, 

Seaborn, D3.js, Plot ly) 
 Research papers and ar t icles on data visual izat ion best  pract ices and case studies 

I NTRODUCTI ON TO STATI STI CAL  ANAL YSI S FOR DATA SCI ENCE  

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course int roduces students to the foundat ional  concepts 
of stat istical  analysis in the context of data science. Students wi l l learn essent ial 
stat ist ical  techniques and methods for  making data-dr iven decisions. The course 
emphasizes the appl icat ion of stat ist ical  tools using real-wor ld datasets and 
pract ical  exercises. 

Week  1-2: I n t r oduct i on  t o St at i st i cal  Th ink i ng  

 Importance of statist ical analysis in data-dr iven decision-making 
 Role of statist ics in data science and research 
 Types of data and levels of measurement 
 Ethical  considerat ions in stat ist ical  analysis 

Week  3-4: Descr i p t i ve St at i st i cs 

 Measures of cent ral  tendency: mean, median, mode 
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 Measures of dispersion: range, var iance, standard deviat ion 
 Percent i les, quar ti les, and box plots 
 Visual izing data dist r ibut ions using histograms and densi ty plots 

Week  5-6: Pr obabi l i t y  and  Pr obabi l i t y  D i st r i bu t i ons 

 Fundamentals of probabi l it y theory 
 Probabi l it y dist r ibut ions: normal, binomial , Poisson 
 Probabi l it y densi ty funct ions and cumulat ive dist r ibut ion funct ions 
 Applying probabi l i t y dist r ibut ions to real-wor ld scenar ios 

Week  7-8: Sampl i ng and  Est imat i on  

 Simple random sampl ing and sampl ing techniques 
 Point  est imation and interval  est imat ion 
 Confidence intervals and margin of error 
 Sample size determinat ion for  est imat ion 

Week  9-10: H ypot hesi s Test i ng and  St at i st i cal  I n fer ence 

 Formulat ing nul l  and al ternat ive hypotheses 
 Type I  and Type I I  er rors 
 Common hypothesis tests: t -tests, chi-squared tests 
 Interpret ing p-values and making conclusions 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of statist ical concepts 
 Pract ical  exercises involving calculat ion of descr ipt ive stat ist ics, probabil i t y, and 

hypothesis tests 
 Real-wor ld case studies applying stat ist ical  analysis to data science scenar ios 
 Final  project  where students design and conduct  a stat ist ical  analysis on a provided 

dataset 

Recommended Resour ces: 

 "Stat ist ics" by Robert  S. Wit te and John S. Wit te 
 "Int roduct ion to the Pract ice of Stat ist ics" by David S. Moore, George P. McCabe, 

and Bruce A. Craig 
 Online tutor ials and resources for  stat ist ical  analysis tools (R, Python) 
 Research papers and ar t icles on statist ical  methods in data science appl icat ions 
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PAPER 2: 

PROGRAM MI NG F OR DATA SCI ENCE  

Cour se Dur at i on : 12 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
int roduct ion to programming for  data science using Python. Students wi l l  learn the 
fundamentals of programming, data manipulat ion, and analysis, enabl ing them to 
effect ively work with datasets, per form computat ions, and prepare data for 
analysis. The course emphasizes hands-on coding exercises and pract ical 
appl icat ions. 

Week  1-2: I n t r oduct i on  t o Pr ogr amming  

 Basics of programming: var iables, data types, operators 
 Cont rol  st ructures: loops and condit ional  statements 
 Funct ions and modular  programming 
 Writ ing clean and readable code 

Week  3-4: Dat a M an ipu lat i on  w i t h  Pyt hon  

 Int roduct ion to Python l ibrar ies for  data manipulat ion (Pandas) 
 Loading and explor ing datasets 
 Fi l ter ing, sor t ing, and t ransforming data 
 Handl ing missing values and dupl icates 

Week  5-6: Dat a Anal ysi s and  Comput at i on  

 Performing calculat ions and operations on data 
 Aggregat ing and summarizing data 
 Basic descr ipt ive stat ist ics using Pandas 
 Pract ical  exercise: Analyzing a dataset  using Python 

Week  7-8: Dat a V i sual i zat i on  w i t h  Pyt hon  

 Int roduct ion to data visual izat ion l ibrar ies (Matplot lib, Seaborn) 
 Creat ing basic plots: l ine plots, scat ter  plots, bar  plots 
 Customizing visual izat ions for  effect ive communicat ion 
 Visual izing data dist r ibut ions and relat ionships 

Week  9-10: Wor k i ng w i t h  Ext er nal  Dat a  

 Reading and wr i t ing data in di fferent  formats (CSV, Excel, JSON) 
 Interact ing with databases using Python (SQLAlchemy) 
 Integrat ing data from di fferent  sources 
 Pract ical  exercise: Import ing and merging data from mult iple sources 
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Week  11-12: Pr oj ect : Dat a An al ysi s and  Vi sual i zat i on  

 Students work on a guided project  involving data analysis and visual izat ion 
 Applying programming ski l ls to manipulate and analyze a real-wor ld dataset 
 Creat ing meaningful  visual izat ions to communicate insights 
 Presentat ion and documentat ion of the project 

Assessment  M et hods: 

 Coding assignments and quizzes to assess programming knowledge 
 Pract ical  exercises involving data manipulat ion, analysis, and visual izat ion 
 Project -based assessments for  applying programming ski l ls to data analysis 
 Final  project  presentat ion and documentat ion 

Recommended Resour ces: 

 "Python for  Data Analysis" by Wes McKinney 
 "Python Crash Course" by Er ic Matthes 
 Online tutor ials and documentat ion for  Python and data manipulat ion l ibrar ies 

(Pandas, Matplot lib, Seaborn) 
 Coding plat forms and interact ive onl ine coding environments 

FUNDAM ENTAL S OF PROGRAMM I NG USI NG PYTHON/R 

Cour se Dur at i on : 12 w eek s 

Cour se Descr i p t i on : This course provides students with a solid foundat ion in 
programming using Python and R, t wo popular  languages for  data science and 
analysis. Students wi l l  learn the core concepts of programming, syntax, data 
st ructures, and cont rol  flow, enabl ing them to wr i te code, manipulate data, and 
solve problems. The course emphasizes pract ical  exercises and real-wor ld 
appl icat ions. 

Week  1-2: I n t r oduct i on  t o Pr ogr amming Concept s 

 Importance of programming in data science and analysis 
 Basic programming terminology: var iables, data types, expressions 
 Writ ing and execut ing simple programs 
 Overview of Python and R as programming languages 

Week  3-4: Con t r ol  F l ow  and  Deci si on  M ak ing  

 Condit ional  statements: i f, else, el i f 
 Loops: for , whi le, loop cont rol  statements 
 Using cont rol  st ructures to solve problems 
 Pract ical  exercise: Wr i t ing condit ional  programs in Python/R 

Week  5-6: Dat a St r uct u r es and  Col l ect i ons 

 L ists, tuples, and dict ionar ies in Python 
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 Vectors, l ists, and data frames in R 
 Indexing and sl icing data st ructures 
 Stor ing and manipulat ing data efficient ly 

Week  7-8: Fu nct i ons and  M odu lar  Pr ogr am ming  

 Defining and using funct ions in Python/R 
 Funct ion arguments, return values, and scope 
 Modular  programming and code organizat ion 
 Hands-on exercise: Creat ing and using funct ions 

Week  9-10: F i l e H and l i n g and  Dat a I /O  

 Reading and wr i t ing data from/to fi les (CSV, Excel, text ) 
 Data ser ial izat ion and deser ial izat ion 
 Handl ing except ions and errors in fi le operat ions 
 Pract ical  exercise: Reading and processing data fi les in Python/R 

Week  11-12: Pr oj ect : Pr ogr ammin g for  Dat a An al ysi s 

 Students work on a guided project  involving programming and data analysis 
 Applying programming ski l ls to manipulate and analyze a real-wor ld dataset 
 Creat ing meaningful  visual izat ions and present ing insights 
 Project  documentation and presentat ion 

Assessment  M et hods: 

 Coding assignments and quizzes to assess programming knowledge 
 Pract ical  exercises involving programming concepts and data manipulat ion 
 Project -based assessments for  applying programming ski l ls to data analysis 
 Final  project  presentat ion and documentat ion 

Recommended Resour ces: 

 "Python Crash Course" by Er ic Matthes (for  Python) 
 "R for  Data Science" by Hadley Wickham (for  R) 
 Online tutor ials and documentat ion for  Python and R programming languages 
 Interact ive coding plat forms and IDEs (Integrated Development  Environments) 

DATA STRUCTURES AND AL GORI TH M S 

Cour se Dur at i on : 12 w eek s 

Cour se Descr i p t i on : This course focuses on the fundamental  concepts of data 
st ructures and algor i thms and their  relevance in data science and programming. 
Students wi l l  learn var ious data st ructures, their  proper t ies, and pract ical 
appl icat ions. They wi l l  also study algor i thm design and analysis techniques to solve 
computat ional  problems efficient ly. The course emphasizes hands-on 
implementat ion and problem-solving exercises. 
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Week  1-2: I n t r oduct i on  t o Dat a St r uct u r es and  Algor i t hms 

 Importance of data st ructures and algor i thms in programming 
 Overview of common data st ructures and algor i thms 
 Algor i thm complexi ty: t ime and space complexi ty 
 Notat ion: Big O, Big Theta, and Big Omega 

Week  3-4: Ar r ays and  L i nk ed  L i st s 

 Int roduct ion to arrays and l inked l ists 
 Operat ions and proper t ies of arrays and l inked l ists 
 Implement ing arrays and l inked l ists in Python/R 
 Compar ing per formance and use cases 

Week  5-6: St ack s and  Queues 

 Basics of stacks and queues 
 Implement ing stacks and queues using arrays and l inked l ists 
 Appl icat ions of stacks and queues in data science 
 Solving problems using stacks and queues 

Week  7-8: Tr ees and  B inar y  Tr ees 

 Int roduct ion to t rees and binary t rees 
 Tree t raversal  algor ithms: in-order , pre-order , post -order 
 Binary search t rees: proper t ies and operat ions 
 Appl icat ions of t rees in hierarchical  data representat ion 

Week  9-10: Gr aphs and  Gr aph  Algor i t hms 

 Basics of graph theory and terminology 
 Representing graphs: adjacency mat r ix, adjacency l ist  
 Graph t raversal  algor i thms: breadth-fi rst  search, depth-fi rst  search 
 Shortest  path algor i thms: Di jkst ra's algor i thm 

Week  11-12: Sor t i ng and  Sear ch in g Algor i t hms 

 Compar ison-based sor t ing algor i thms: bubble sor t , merge sor t , quick sor t 
 Searching algor i thms: l inear  search, binary search 
 Analysis of sor t ing and searching algor i thms 
 Pract ical  exercise: Implement ing sor t ing and searching algor i thms 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of data st ructures and algor i thm 
concepts 

 Coding exercises involving implementat ion of var ious data st ructures and 
algor i thms 

 Problem-solving assignments to apply algor i thmic techniques to real-wor ld 
scenar ios 
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 Final  project  involving the design and analysis of an algor i thm for  a speci fic 
problem 

Recommended Resour ces: 

 "Int roduct ion to Algor i thms" by Thomas H. Cormen, Char les E. Leiserson, Ronald 
L . Rivest , Cli fford Stein 

 Online tutor ials and resources on data st ructures and algor i thms in Python/R 
 Coding plat forms and pract ice websi tes for  algor i thmic exercises 
 Research papers and ar t icles on appl icat ions of data st ructures and algor i thms in 

data science 

DATA M ANI PUL ATI ON AND ANAL YSI S USI NG L I BRARI ES L I KE 
PANDAS AND NumPY 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on pract ical  data manipulat ion and 
analysis techniques using the popular  Python l ibrar ies Pandas and NumPy. 
Students wi l l  learn how to effect ively handle, preprocess, and analyze data using 
these powerful  tools. The course emphasizes hands-on exercises and real-wor ld 
appl icat ions to develop proficiency in data manipulat ion and analysis. 

Week  1-2: I n t r oduct i on  t o Dat a M an ipu lat i on  and  Anal ysi s 

 Overview of data manipulat ion and analysis in data science 
 Role of l ibrar ies l ike Pandas and NumPy 
 Instal l ing and set t ing up Pandas and NumPy 
 Reading and loading data into Pandas DataFrames 

Week  3-4: Dat a M an ipu lat i on  w i t h  Pandas 

 Select ing and fi l ter ing data using Pandas 
 Data cleaning and preprocessing techniques 
 Handl ing missing values and dupl icates 
 Aggregat ing and summarizing data with Pandas 

Week  5-6: Exp lor at or y Dat a An al ysi s w i t h  Pandas 

 Descr ipt ive stat istics and data profi l ing 
 Grouping and pivot ing data with Pandas 
 Visual izing data using Pandas and Matplot l ib/Seaborn 
 Pract ical  exercise: Exploratory data analysis on a dataset 

Week  7-8: I n t r oduct i on  t o NumPy and  Ar r ay Oper at i ons 

 Int roduct ion to NumPy arrays and their  advantages 
 Basic array operat ions: indexing, sl icing, reshaping 
 Mathemat ical  operat ions and broadcast ing 
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 Applying NumPy to data manipulat ion tasks 

Week  9-10: Advanced  Dat a M an ipu lat i on  and  An al ysi s 

 Combining and merging data using Pandas 
 Time ser ies data manipulat ion with Pandas 
 Mult i -indexing and hierarchical  data representat ion 
 Final  project : Applying Pandas and NumPy to a real-wor ld dataset 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of data manipulat ion and 
analysis concepts 

 Pract ical  exercises involving data manipulat ion and analysis using Pandas and 
NumPy 

 Exploratory data analysis projects on real-wor ld datasets 
 Final  project  involving advanced data manipulat ion and analysis tasks 

Recommended Resour ces: 

 "Python for  Data Analysis" by Wes McKinney 
 Online tutor ials and documentat ion for  Pandas and NumPy l ibrar ies 
 Interact ive coding plat forms and pract ice websi tes for  data manipulat ion and 

analysis exercises 
 Research papers and ar t icles on best  pract ices for  data manipulat ion and analysis 

in Python 

H ANDS-ON CODI NG EXERCI SES AND PROJ ECTS 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course is designed to provide students with pract ical 
hands-on exper ience in coding and programming through a ser ies of exercises and 
projects. Students wi l l  apply programming concepts learned in previous courses to 
real-wor ld scenar ios, reinforcing their  ski l ls and enhancing their  problem-solving 
abi l i t ies. The course emphasizes pract ical  coding, debugging, and project  
development . 

Week  1-2: Rev iew  of  Pr ogr amm ing Fu ndament al s 

 Recap of key programming concepts (var iables, data types, loops, funct ions) 
 Troubleshoot ing and debugging techniques 
 Pract icing efficient  code wr i t ing and readabi l i t y 
 Set t ing up coding environments and version cont rol  tools 

Week  3-4: H ands-on  Cod in g Exer ci ses: Pyt hon /R Basi cs 

 Writ ing Python/R programs to solve basic problems 
 Implement ing cont rol  flow and decision-making const ructs 
 Ut i l izing data st ructures: l ists, dict ionar ies, arrays 
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 Coding exercises and quizzes to reinforce programming ski l ls 

Week  5-6: I n t er act i ve Web App l i cat i ons usi ng F l ask  (Pyt hon) or  Sh iny (R)  

 Int roduct ion to web appl icat ion frameworks (Flask for  Python, Shiny for  R) 
 Bui lding simple interact ive web appl icat ions 
 Integrat ing data analysis and visual izat ion into web apps 
 Pract ical  exercise: Creat ing an interact ive data-dr iven web app 

Week  7-8: Dat a M an ipu lat i on  and  An al ysi s Pr oj ect s 

 Applying data manipulat ion and analysis techniques to real-wor ld datasets 
 Developing scr ipts to clean, preprocess, and analyze data 
 Creat ing meaningful  visual izat ions to communicate insights 
 Col laborat ive group project : Data analysis and presentat ion 

Week  9-10: Capst one Pr oj ect : Real -w or l d  Dat a Science App l i cat i on  

 Students work on a comprehensive data science project 
 Applying programming, data manipulat ion, and analysis ski l ls 
 Developing a complete data-dr iven solut ion from problem formulat ion to 

presentat ion 
 Final  project  presentat ion and documentat ion 

Assessment  M et hods: 

 Pract ical  coding exercises and quizzes to assess programming proficiency 
 Project -based assessments involving web appl icat ion development , data 

manipulat ion, and analysis 
 Col laborat ive group project  to promote teamwork and communicat ion ski l ls 
 Capstone project  assessment : Project  presentat ion, documentat ion, and 

demonst rat ion of skil ls 

Recommended Resour ces: 

 Online tutor ials and documentat ion for  Flask (Python) or  Shiny (R) web 
frameworks 

 Pract ice coding plat forms and resources for  interact ive web appl icat ion development 
 Real-wor ld datasets for  data manipulat ion and analysis projects 
 Case studies and examples of data-dr iven web appl icat ions and projects 
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PAPER 3: 

MACH I NE L EARNI NG F UNDAM ENTAL S 

Cour se Dur at i on : 12 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
int roduct ion to the fundamental  concepts of machine learning. Students wi l l  learn 
the theoret ical  foundat ions and pract ical  appl icat ions of var ious machine learning 
techniques, enabl ing them to understand, implement , and evaluate models for  data-
dr iven tasks. The course emphasizes hands-on exercises and real-wor ld case 
studies. 

Week  1-2: I n t r oduct i on  t o M ach ine L ear n i ng  

 Understanding machine learning and i t s appl icat ions 
 Types of machine learning: supervised, unsupervised, reinforcement  learning 
 Machine learning workflow: data preprocessing, model t raining, evaluat ion 
 Ethical  considerat ions and biases in machine learning 

Week  3-4: Exp lor at or y Dat a An al ysi s for  M ach ine L ear n i ng  

 Preprocessing data for  machine learning tasks 
 Feature select ion and feature engineer ing 
 Handl ing categor ical  and numer ical  data 
 Detect ing and addressing data imbalances 

Week  5-6: L i near  Regr essi on  and  Regu lar i zat i on  

 Understanding l inear  regression for  predict ive model ing 
 Loss funct ions and opt imizat ion techniques 
 Regular izat ion: L1 (Lasso) and L2 (Ridge) 
 Applying l inear  regression to real-wor ld datasets 

Week  7-8: Classi f i cat i on  Algor i t hms 

 Overview of classi ficat ion algor i thms: logist ic regression, decision t rees, k-nearest 
neighbors 

 Model t raining, predict ion, and evaluat ion 
 Handl ing class imbalance and evaluat ing classi ficat ion models 
 Case study: Classi ficat ion in medical  diagnosis 

Week  9-10: Clust er i ng and  Unsuper vi sed  L ear n i ng  

 Int roduct ion to unsupervised learning and cluster ing 
 K-means cluster ing and hierarchical  cluster ing 
 Dimensional i t y reduct ion techniques: PCA, t -SNE 
 Applying cluster ing to customer segmentat ion 
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Week  11-12: Ensemble M et hods and  M odel  Evaluat i on  

 Ensemble methods: random forests, gradient  boost ing 
 Cross-val idat ion and hyperparameter  tuning 
 Model evaluat ion met r ics: accuracy, precision, recal l , F1-score 
 Final  project : Bui lding and evaluat ing a machine learning model 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of machine learning concepts 
 Pract ical  exercises involving data preprocessing, model implementat ion, and 

evaluat ion 
 Case studies and real-wor ld appl icat ions of machine learning techniques 
 Final  project  assessment : Model implementation, evaluat ion, and presentation 

Recommended Resour ces: 

 "Hands-On Machine Learning with Scik i t -Learn and TensorFlow" by Aurél ien 
Géron 

 "Int roduct ion to Machine Learning with Python" by Andreas C. Mül ler  and Sarah 
Guido 

 Online tutor ials and documentat ion for  machine learning l ibrar ies (Scik i t -Learn, 
TensorFlow) 

 Research papers and ar t icles on machine learning algor i thms and appl icat ions 

This curr iculum provides students with a sol id foundat ion in machine learning 
concepts and techniques. By focusing on theory, pract ical  implementat ion, and real-
wor ld case studies, students wi l l gain the ski l ls needed to apply machine learning 
models to var ious data-dr iven tasks, analyze resul ts, and make informed decisions 
based on model outcomes. 

I NTRODUCTI ON TO M ACH I NE L EARNI NG CONCEPTS 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
int roduct ion to the fundamental  concepts of machine learning. Students wi l l  learn 
the foundat ional  pr inciples, techniques, and appl icat ions of machine learning, 
enabl ing them to understand the scope and potent ial  of this field. The course 
emphasizes conceptual  understanding and real-wor ld examples. 

Week  1-2: I n t r oduct i on  t o M ach ine L ear n i ng  

 Defining machine learning and i t s role in data science 
 Historical  context  and evolut ion of machine learning 
 Machine learning vs. t radi t ional  programming paradigms 
 Ethical  considerat ions and responsible AI  
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Week  3-4: T ypes of  M ach ine L ear n i n g  

 Overview of supervised, unsupervised, and reinforcement  learning 
 Understanding labeled and unlabeled data 
 Classi ficat ion, regression, cluster ing, and reinforcement  learning examples 
 Pract ical  exercise: Ident i fying machine learning tasks 

Week  5-6: Dat a Pr epar at i on  for  M ach ine L ear n i ng  

 Importance of data preprocessing and cleaning 
 Feature select ion and feature engineer ing 
 Handl ing missing values and out l iers 
 Data scal ing and normal izat ion 

Week  7-8: M odel  Tr ai n i ng and  Evalu at i on  

 Spl i t t ing data into t raining, val idat ion, and test  sets 
 Choosing an appropr iate evaluat ion met r ic 
 Overfi t t ing and underfi t t ing: Bias-var iance t rade-off 
 Model select ion and hyperparameter  tuning 

Week  9-10: M ach ine L ear n i ng Algor i t hms and  App l i cat i ons 

 Overview of popular  machine learning algor i thms 
 L inear  regression, decision t rees, k-nearest  neighbors, cluster ing algor i thms 
 Real-wor ld appl icat ions in var ious domains (healthcare, finance, marketing, etc.) 
 Case studies and hands-on exercises showcasing machine learning in act ion 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of machine learning concepts 
 Cri t ical  thinking exercises involving ident i fying machine learning tasks from real-

wor ld scenar ios 
 Model implementat ion and evaluat ion projects using real  or  simulated datasets 
 Final  project  or  presentat ion showcasing the appl icat ion of machine learning 

concepts 

Recommended Resour ces: 

 "Hands-On Machine Learning with Scik i t -Learn and TensorFlow" by Aurél ien 
Géron 

 "Int roduct ion to Machine Learning" by Alpaydin, Ethem 
 Online tutor ials and documentat ion for  machine learning l ibrar ies (Scik i t -Learn, 

TensorFlow) 
 Research papers and ar t icles on machine learning concepts and appl icat ions 

SUPERVI SED, UNSUPERVI SED, AND REI NFORCEM ENT L EARNI NG 

Cour se Dur at i on : 12 w eek s 
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Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of the three pr imary paradigms of machine learning: supervised, 
unsupervised, and reinforcement  learning. Students wi l l  learn the concepts, 
algor i thms, and appl icat ions of each paradigm, enabl ing them to select  and apply 
appropr iate techniques for  var ious data-dr iven tasks. The course emphasizes both 
theoret ical  knowledge and pract ical  implementat ions. 

Week  1-2: I n t r oduct i on  t o M ach ine L ear n i ng Par ad igms 

 Overview of supervised, unsupervised, and reinforcement  learning 
 Dist inct  character ist ics and appl icat ions of each paradigm 
 Understanding labeled and unlabeled data 
 Ethical  considerat ions and biases in di fferent  learning paradigms 

Week  3-4: Super v i sed  L ear n i ng  

 Basics of supervised learning: input , output , t raining data 
 Regression vs. classi ficat ion problems 
 L inear  regression and logist ic regression algor i thms 
 Evaluat ing supervised learning models: accuracy, precision, recal l 

Week  5-6: Classi f i cat i on  Algor i t hms 

 Int roduct ion to classi ficat ion algor i thms 
 Decision t rees, random forests, and support  vector  machines (SVM) 
 Handl ing class imbalance and mult i -class classi ficat ion 
 Pract ical  exercise: Bui lding a supervised classi ficat ion model 

Week  7-8: Unsuper vi sed  L ear n i n g  

 Overview of unsupervised learning and i t s appl icat ions 
 Cluster ing algor i thms: K-means, hierarchical  cluster ing 
 Dimensional i t y reduct ion techniques: PCA, t -SNE 
 Real-wor ld examples of unsupervised learning 

Week  9-10: Rein for cement  L ear n i ng  

 Understanding reinforcement  learning and agents 
 Markov decision processes (MDPs) and reward funct ions 
 Q-learning and pol icy gradient  methods 
 Reinforcement  learning appl icat ions in robot ics and gaming 

Week  11-12: Advanced  App l i cat i ons and  Case St ud ies 

 Combining mult iple paradigms: semi-supervised and t ransfer  learning 
 Real-wor ld case studies in each learning paradigm 
 Ethical  considerat ions in using machine learning in decision-making 
 Final  project : Applying supervised, unsupervised, or  reinforcement  learning to a 

speci fic problem 
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of each learning paradigm 
 Pract ical  exercises involving bui lding and evaluat ing machine learning models 
 Case study analysis and discussion on real-wor ld appl icat ions 
 Final  project  assessment : Model implementation, evaluat ion, and presentation 

Recommended Resour ces: 

 "Hands-On Machine Learning with Sciki t -Learn and TensorFlow" by Aurél ien 
Géron 

 "Reinforcement  Learning: An Int roduct ion" by Richard S. Sut ton and Andrew G. 
Bar to 

 Online tutor ials and documentat ion for  machine learning l ibrar ies (Scik i t -Learn, 
TensorFlow, OpenAI  Gym) 

 Research papers and ar t icles on supervised, unsupervised, and reinforcement 
learning techniques and appl icat ions 

M ODEL  EVAL UATI ON AND VAL I DATI ON TECH NI QUES 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on the cr i t ical  aspect  of evaluat ing and 
val idat ing machine learning models to ensure their  accuracy, rel iabi l i t y, and 
general izat ion to new data. Students wi l l  learn var ious techniques and 
methodologies to assess model per formance, select  appropr iate met r ics, and prevent 
common pi t fal ls. The course emphasizes pract ical  exercises and real-wor ld case 
studies. 

Week  1-2: I n t r oduct i on  t o M odel  Evaluat i on  and  Val i dat i on  

 Importance of model evaluat ion and val idat ion in machine learning 
 Role of evaluat ion met r ics in model assessment 
 Types of errors: false posit ives, false negat ives, bias, var iance 
 Understanding over fi t t ing and underfi t t ing 

Week  3-4: Cr oss-Val i dat i on  Techn iqu es 

 K-fold cross-val idat ion and st rat i fied sampl ing 
 Leave-one-out  and holdout  val idat ion 
 Pract ical  implementat ion of cross-val idat ion 
 Choosing appropr iate val idat ion techniques based on data character ist ics 

Week  5-6: Per for mance M et r i cs for  Cl assi f i cat i on  M odel s 

 Confusion mat r ix and i t s components 
 Accuracy, precision, recal l , F1-score, ROC curve, AUC-ROC 
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 Sensit ivi t y-speci fici t y t rade-off and threshold select ion 

Case study: Select ing and interpret ing met r ics for  a classi ficat ion problem 

Week  7-8: Per for mance M et r i cs for  Regr essi on  M odel s 

 Mean Absolute Error  (MAE), Mean Squared Error  (MSE), Root  Mean Squared 
Error  (RMSE) 

 R-squared and coefficient  of determinat ion 
 Interpretat ion of regression per formance met r ics 
 Evaluat ing regression models using di fferent  met r ics 

Week  9-10: M odel  Select i on  and  H yper par amet er  Tun ing  

 Grid search and random search for  hyperparameter  opt imizat ion 
 Impact  of hyperparameters on model per formance 
 Bias-var iance t rade-off and the curse of dimensional i t y 
 Pract ical  exercise: Tuning hyperparameters for  improved model per formance 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of model evaluat ion and 
val idat ion concepts 

 Pract ical  exercises involving cross-val idat ion, per formance met r ic calculations, and 
hyperparameter  tuning 

 Case study analysis and discussion on real-wor ld model evaluat ion scenar ios 
 Final  project  assessment : Model evaluat ion, val idat ion, and presentat ion of findings 

Recommended Resour ces: 

 "Int roduct ion to Machine Learning with Python" by Andreas C. Mül ler  and Sarah 
Guido 

 "Hands-On Machine Learning with Scik i t -Learn and TensorFlow" by Aurél ien 
Géron 

 Online tutor ials and documentat ion for  machine learning l ibrar ies (Scik i t -Learn, 
TensorFlow) 

 Research papers and ar t icles on model evaluat ion, val idat ion techniques, and case 
studies 

I M PL EM ENTI NG M ACH I NE L EARNI NG AL GORI TH MS 

Cour se Dur at i on : 12 w eek s 

Cour se Descr i p t i on : This course focuses on the pract ical  implementat ion of 
var ious machine learning algor i thms from scratch, enabl ing students to gain a 
deeper understanding of their  under lying pr i nciples and mechanics. Students wi l l  
learn how to code and implement  key machine learning algor i thms, foster ing hands-
on exper ience and cr i t ical  thinking. The course emphasizes coding exercises, 
algor i thmic design, and opt imizat ion. 
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Week  1-2: I n t r oduct i on  t o Algor i t hm I mp lement at i on  

 Importance of understanding algor i thms for  effect ive machine learning 
 Overview of algor i thmic design and implementat ion process 
 Choosing appropr iate algor i thms for  speci fic tasks 
 Set t ing up coding environments and version cont rol  tools 

Week  3-4: L i near  Regr essi on  f r om Scr at ch  

 Implement ing l inear  regression algor i thm step by step 
 Gradient  descent  opt imizat ion for  parameter  est imat ion 
 Handl ing single-var iable and mult i -var iable regression 
 Coding exercise: Bui lding a l inear  regression model 

Week  5-6: K -Near est  Neighbor s and  Nai ve Bayes 

 Implement ing K-Nearest  Neighbors classi ficat ion algor ithm 
 Calculat ing distances and finding nearest  neighbors 
 Implement ing Naive Bayes algor i thm for  text  classi ficat ion 
 Pract ical  exercise: Implement ing K-Nearest  Neighbors and Naive Bayes classi fiers 

Week  7-8: Deci si on  Tr ees and  Random  For est s 

 Implement ing decision t ree algor i thm for  classi ficat ion 
 Bui lding decision t ree st ructure and making predict ions 
 Combining decision t rees into random forests 
 Coding exercise: Const ruct ing decision t rees and random forests 

Week  9-10: Suppor t  Vect or  M ach ines and  K -M eans Clust er i ng  

 Implement ing support  vector  machine algor i thm for  binary classi ficat ion 
 Maximizing the margin and handl ing non-l inear  separat ions 
 Implement ing K-Means cluster ing algor i thm from scratch 
 Pract ical  exercise: Coding SVM and K-Means algor i thms 

Week  11-12: Neur al  Net w or k s and  M odel  Evaluat i on  

 Bui lding a simple neural  network archi tecture 
 Implement ing forward and backward propagat ion 
 Assessing model per formance using met r ics and val idat ion techniques 
 Final  project : Implement ing a machine learning algor i thm of choice and evaluat ing 

i t s per formance 

Assessment  M et hods: 

 Coding exercises and assignments to assess algor ithm implementat ion ski l ls 
 Pract ical  projects involving step-by-step implementat ion of machine learning 

algor i thms 
 Problem-solving exercises to reinforce algor i thmic thinking and opt imizat ion 
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 Final  project  assessment : Algor i thm implementat ion, per formance evaluat ion, and 
presentat ion 

Recommended Resour ces: 

 Online tutor ials and resources on algor i thm implementat ion 
 Research papers and ar t icles on the under lying mechanics of machine learning 

algor i thms 
 Interact ive coding plat forms and pract ice websi tes for  algor i thmic exercises 
 Reference books on machine learning and algor i thm implementat ion techniques 
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PAPER 4: 

STATI STI CAL  M ETH ODS F OR DATA SCI ENCE  

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of key stat ist ical  methods used in data science. Students wi l l  learn 
how to apply stat ist ical  techniques to analyze and interpret  data, make informed 
decisions, and draw meaningful  insights. The course emphasizes both theoretical 
knowledge and pract ical  appl icat ions. 

Week  1-2: I n t r oduct i on  t o St at i st i cal  Th ink i ng  

 Role of statist ics in data science and decision-making 
 Types of data and levels of measurement 
 Descr ipt ive vs. inferent ial  statist ics 
 Ethical  considerat ions in stat ist ical  analysis 

Week  3-4: Descr i p t i ve St at i st i cs and  Dat a Vi sual i zat i on  

 Measures of cent ral  tendency: mean, median, mode 
 Measures of dispersion: range, var iance, standard deviat ion 
 Data visual izat ion techniques: histograms, box plots, scat ter  plots 
 Exploratory data analysis using visual izat ions 

Week  5-6: Pr obabi l i t y  and  Pr obabi l i t y  D i st r i bu t i ons 

 Fundamentals of probabi l it y theory 
 Probabi l it y dist r ibut ions: normal, binomial , Poisson 
 Probabi l it y densi ty funct ions and cumulat ive dist r ibut ion funct ions 
 Appl icat ions of probabi l it y in data science 

Week  7-8: St at i st i cal  I n fer ence and  H ypot hesi s Test i ng  

 Formulat ing nul l  and al ternat ive hypotheses 
 Sampl ing dist r ibut ions and the Cent ral  L imit  Theorem 
 Common hypothesis tests: t -tests, chi-squared tests 
 Interpret ing p-values and making conclusions 

Week  9-10: Regr essi on  and  Anal ysi s of  Var i ance (ANOVA) 

 Simple l inear  regression: model, interpretation, assumpt ions 
 Mult iple l inear  regression: mult iple predictors and interact ions 
 Analysis of Var iance (ANOVA) and i t s appl icat ions 
 Pract ical  exercise: Applying regression and ANOVA to real-wor ld datasets 
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of statist ical concepts 
 Pract ical  exercises involving calculat ion, interpretat ion, and appl icat ion of 

stat ist ical  methods 
 Data analysis projects involving real-wor ld datasets and hypothesis test ing 
 Final  project  or  presentat ion showcasing the appl icat ion of stat ist ical  methods 

Recommended Resour ces: 

 "Stat ist ics" by Robert  S. Wit te and John S. Wit te 
 "Int roduct ion to the Pract ice of Stat ist ics" by David S. Moore, George P. McCabe, 

and Bruce A. Craig 
 Online tutor ials and resources for  stat ist ical  analysis tools (R, Python) 
 Research papers and ar t icles on statist ical  methods in data science appl icat ions 

PROBABI L I TY DI STRI BUTI ONS AND STATI STI CAL  I NFEREN CE  

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of probabi l i t y dist r ibut ions and stat ist ical  inference, which are 
essent ial  concepts for  making data-dr iven decisions in data science. Students wi l l 
learn about  var ious probabi l i t y dist r ibut ions, hypothesis testing, confidence 
intervals, and methods for  drawing conclusions from data. The course emphasizes 
both theoret ical  concepts and pract ical  appl icat ions. 

Week  1-2: I n t r oduct i on  t o Pr obabi l i t y  and  D i st r i bu t i ons 

 Fundamentals of probabi l it y: events, sample space, outcomes 
 Probabi l it y axioms and rules: addi t ion, mult ipl ication, complement 
 Types of probabi l it y dist r ibut ions: discrete vs. cont inuous 
 Probabi l it y mass funct ion and probabi l i t y densi ty funct ion 

Week  3-4: Common Pr obabi l i t y  D i st r i bu t i ons 

 Binomial  dist r ibut ion: proper t ies and appl icat ions 
 Poisson dist r ibut ion: model ing rare events 
 Normal dist r ibut ion: character ist ics and standardizat ion 
 Exponent ial  dist r ibut ion: model ing t ime-to-event  data 

Week  5-6: Sampl i ng and  Sampl i ng D i st r i bu t i ons 

 Simple random sampl ing and i t s proper t ies 
 Sampl ing dist r ibut ion of sample mean and Cent ral  L imit  Theorem 
 Sampl ing dist r ibut ion of sample propor tions 
 Bootst rap resampl ing technique for  estimat ing sampl ing dist r ibut ions 
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Week  7-8: St at i st i cal  I n fer ence and  H ypot hesi s Test i ng  

 Formulat ing nul l  and al ternat ive hypotheses 
 One-sample and two-sample hypothesis tests 
 p-values and their  interpretat ion 
 Type I  and Type I I  er rors, power of a test 

Week  9-10: Conf i dence I n t er val s and  ANOVA  

 Const ruct ing confidence intervals for  populat ion parameters 
 Interpret ing confidence intervals 
 Analysis of Var iance (ANOVA) for  compar ing mult iple groups 
 Pract ical  exercise: Applying hypothesis test ing and confi dence intervals to real-

wor ld datasets 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of probabi l i t y dist r ibut ions and 
inference concepts 

 Pract ical  exercises involving calculat ion, interpretat ion, and appl icat ion of 
probabi l i t y dist r ibut ions and hypothesis tests 

 Data analysis projects involving real-wor ld datasets and stat ist ical  inference 
 Final  project  or presentat ion showcasing the appl icat ion of stat ist ical  inference 

techniques 

Recommended Resour ces: 

 "Int roduct ion to Probabi l i t y and Mathemat ical Stat istics" by Lee J. Bain and Max 
Engelhardt  

 "Stat ist ics" by Robert  S. Wit te and John S. Wit te 
 Online tutor ials and resources for  probabi l i t y and stat ist ical  analysis tools (R, 

Python) 
 Research papers and ar t icles on probabi l i t y dist r ibut ions and stat ist ical  inference in 

data science appl icat ions 

H YPOTH ESI S TESTI NG AND CONFI DENCE I NTERVAL S 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of hypothesis testing and confidence intervals, fundamental  concepts 
in statist ical inference. Students wi l l learn how to formulate hypotheses, per form 
hypothesis tests, const ruct  confidence intervals, and make data-dr iven decisions. 
The course emphasizes both theoret ical  concepts and pract ical  appl icat ions. 

Week  1-2: I n t r oduct i on  t o H ypot hesi s Test i ng and  Conf i dence I n t er val s 

 Importance of hypothesis test ing and confidence intervals in data analysis 
 Steps involved in hypothesis test ing: formulat ion, test  stat ist ic, p-value 
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 Confidence intervals: interpretat ion and signi ficance 
 Ethical  considerat ions and biases in hypothesis test ing 

Week  3-4: On e-Sample H ypot hesi s Test s 

 Formulat ing nul l  and al ternat ive hypotheses 
 One-sample t -tests for  mean compar ison 
 Z-tests for  populat ion propor t ions 
 Interpret ing p-values and making conclusions 

Week  5-6: T w o-Sample H ypot hesi s Test s 

 Hypothesis tests for  compar ing two independent  samples 
 Independent  samples t -test  and Welch's t -test 
 Paired samples t -test  for  dependent  samples 
 Pract ical  exercise: Per forming two-sample hypothesis tests 

Week  7-8: An al ysi s of  Var i ance (ANOVA) and  M u l t i p l e Compar i son  Test s 

 Int roduct ion to ANOVA and i t s appl icat ions 
 One-way ANOVA for  compar ing mult iple groups 
 Post  hoc tests for  mult iple compar ison adjustments 
 Interpret ing ANOVA resul ts and making group compar isons 

Week  9-10: Conf i dence I n t er val s and  H ypot hesi s Test i ng i n  Pr act i ce 

 Const ruct ing confidence intervals for  populat ion parameters 
 Confidence intervals for  means, propor t ions, and di fferences 
 Applying hypothesis test ing and confidence intervals to real-wor ld datasets 
 Final  project : Per forming hypothesis tests and const ruct ing confidence intervals 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of hypothesis test ing and 
confidence interval  concepts 

 Pract ical  exercises involving calculat ion, interpretat ion, and appl icat ion of 
hypothesis tests and confidence intervals 

 Data analysis projects involving real-wor ld datasets and hypothesis test ing 
 Final  project  assessment : Hypothesis test ing, confidence interval  const ruct ion, and 

presentat ion 

Recommended Resour ces: 

 "Int roduct ion to the Pract ice of Stat ist ics" by David S. Moore, George P. McCabe, 
and Bruce A. Craig 

 "Stat ist ics" by Robert  S. Wit te and John S. Wit te 
 Online tutor ials and resources for  hypothesis testing and stat ist ical  analysis tools 

(R, Python) 
 Research papers and ar t icles on hypothesis test ing and confidence intervals in data 

science appl icat ions 
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REGRESSI ON ANAL YSI S 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of regression analysis, a fundamental  technique in stat istical 
model ing for  understanding relat ionships between var iables. Students wi l l  learn 
how to bui ld, interpret , and evaluate regression models, enabl ing them to make 
predict ions and der ive insights from data. The course emphasizes both theoretical 
concepts and pract ical  appl icat ions. 

Week  1-2: I n t r oduct i on  t o Regr essi on  Anal ysi s 

 Importance of regression analysis in data science and decision-making 
 Types of regression: l inear , mult iple, polynomial , logist ic 
 Formulat ion of the regression model and assumpt ions 
 Ethical  considerat ions and biases in regression analysis 

Week  3-4: Simp le L i near  Regr essi on  

 Basics of simple l inear  regression: model, interpretat ion, assumpt ions 
 Least  squares method for  parameter  est imat ion 
 Coefficient  of determinat ion (R-squared) and interpretat ion 
 Pract ical  exercise: Bui lding and interpret ing a simple l inear  regression model 

Week  5-6: M u l t i p l e L i near  Regr essi on  

 Extending to mult iple predictors: mult iple l inear  regression 
 Feature select ion and model bui lding techniques 
 Assessing mult icol l inear i t y and model fi t 
 Pract ical  exercise: Developing and evaluat ing a mult iple l inear  regression model 

Week  7-8: Pol ynomi al  Regr essi on  and  Regu lar i zat i on  

 Polynomial  regression for  nonl inear  relat ionships 
 Overfi t t ing and underfi t t ing in regression models 
 Int roduct ion to regular izat ion techniques: Ridge and Lasso 
 Case study: Applying polynomial  regression and regular izat ion 

Week  9-10: L ogi st i c Regr essi on  and  M odel  D iagnost i cs 

 Int roduct ion to logist ic regression for  binary classi fication 
 Log-odds, odds rat io, and interpret ing logistic regression coefficients 
 Model diagnost ics: residual analysis, influent ial  points, out l iers 
 Final  project : Bui lding, diagnosing, and interpret ing a regression model 
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of regression analysis concepts 
 Pract ical  exercises involving model bui lding, interpretat ion, and evaluat ion 
 Data analysis projects involving real-wor ld datasets and regression model ing 
 Final  project  assessment : Regression model development , diagnostics, and 

presentat ion 

Recommended Resour ces: 

 "Appl ied L inear  Regression Models" by Kutner , Nachtsheim, Neter , and L i 
 "Int roduct ion to the Pract ice of Stat ist ics" by David S. Moore, George P. McCabe, 

and Bruce A. Craig 
 Online tutor ials and resources for  regression analysis and stat ist ical  modeling tools 

(R, Python) 
 Research papers and ar t icles on regression analysis techniques and appl icat ions 

EXPERI M ENTAL  DESI GN AND A/B TESTI NG 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of exper imental  design and A/B test ing, essent ial  techniques for 
making informed decisions and drawing causal relat ionships in data science. 
Students wi l l learn how to plan, conduct , and analyze exper iments, as wel l as apply 
A/B test ing for  opt imizing outcomes. The course emphasizes both theoretical 
concepts and pract ical  appl icat ions. 

Week  1-2: I n t r oduct i on  t o Exper im ent al  Design  and  A/B Test i ng  

 Importance of exper imental  design and A/B test ing in data-dr iven decision-making 
 Types of exper iments: cont rol led vs. observat ional , randomized vs. non-randomized 
 Ethical  considerat ions and biases in exper imental  design 
 Formulat ion of research quest ions and hypotheses 

Week  3-4: Pr i nci p l es of  Exper iment al  Design  

 Factors, levels, and t reatments in exper imental  design 
 Randomizat ion and cont rol  groups for  minimizing bias 
 Blocking, factor ial  designs, and interact ions 
 Pract ical  exercise: Designing a cont rol led exper iment 

Week  5-6: A/B Test i ng: Basi cs and  Case St ud ies 

 Understanding A/B test ing: concept , appl icat ions, benefi ts 
 Steps in A/B test ing: hypothesis formulat ion, sample size determinat ion, data 

col lect ion 
 Real-wor ld case studies of successful  A/B test ing 
 Pract ical  exercise: Planning and conduct ing an A/B test 
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Week  7-8: A/B Test i ng T echn iqu es and  I n t er p r et at i on  

 One-sample and two-sample A/B test ing 
 Calculat ing effect  size and stat ist ical  signi ficance 
 Interpret ing A/B test  resul ts: confidence intervals, p-values 
 Addressing mult iple compar isons and false posit ives 

Week  9-10: M u l t i var i at e T est i ng and  Exper i ment  Anal ysi s 

 Int roduct ion to mult ivar iate test ing and i t s appl icat ions 
 Analyzing and interpret ing mult ivar iate exper iment  resul ts 
 Pract ical  considerat ions in exper imental  design: pract ical i t y, ethics, resources 
 Final  project : Designing and conduct ing an exper iment  with A/B test ing 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of exper imental  design and A/B 
testing concepts 

 Pract ical  exercises involving exper iment  design, A/B test ing planning, and resul t  
interpretat ion 

 Data analysis projects involving real-wor ld datasets and exper imental  design 
 Final  project  assessment : Exper imental  design, A/B test ing execut ion, and 

presentat ion 

Recommended Resour ces: 

 "Design and Analysis of Exper iments" by Douglas C. Montgomery 
 "A/B Test ing: The Most  Powerful  Way to Turn Cl icks Into Customers" by Dan 

Siroker  and Pete Koomen 
 Online tutor ials and resources for  exper imental  design and A/B testing tools 
 Research papers and ar t icles on exper imental  design techniques and A/B test ing 

appl icat ions 
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PAPER 5: 

DATA VI SUAL I ZATI ON AND COMM UNI CATI ON  

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of data visual izat ion techniques and the art  of effect ively 
communicat ing insights der ived from data. Students wi l l  learn how to create 
compel l ing visual izat ions, choose appropr iate techniques, and convey informat ion 
clear ly to diverse audiences. The course emphasizes both theoret ical  concepts and 
pract ical  appl icat ions. 

Week  1-2: I n t r oduct i on  t o Dat a Vi sual i zat i on  and  Com muni cat i on  

 Importance of data visual izat ion in data science and decision-making 
 Role of visual izat ion in conveying insights and pat terns 
 Ethical  considerat ions and biases in data visualizat ion 
 Principles of effect ive data communicat ion 

Week  3-4: Dat a V i sual i zat i on  Fundam ent al s 

 Visual encoding and mapping data to visual  propert ies 
 Types of data visual izations: char ts, graphs, maps, infographics 
 Color  theory and use of color  in visual izat ions 
 Pract ical  exercise: Creat ing basic data visual izat ions 

Week  5-6: Exp lor at or y Dat a Vi sual i zat i on  

 Explor ing data using histograms, box plots, scat ter  plots 
 Mult ivar iate visual izat ion techniques: heatmaps, pair  plots 
 Interact ive visual izat ions using tools l ike D3.js, Plotly 
 Pract ical  exercise: Explor ing and visual izing complex datasets 

Week  7-8: St or yt el l i ng w i t h  Dat a  

 St ructur ing and present ing data-dr iven stor ies 
 Design pr inciples for  effect ive data storytel l ing 
 Incorporat ing context , narrat ive, and emot ion in data communicat ion 
 Case study analysis of compel l ing data-dr iven stor ies 

Week  9-10: Dat a Vi sual i zat i on  T ool s and  Case St ud ies 

 Overview of data visual izat ion tools: Matplot l ib, Seaborn, Tableau, etc. 
 Creat ing advanced visual izat ions: t ime ser ies, geospatial , network graphs 
 Real-wor ld case studies showcasing impact ful  data visual izat ions 
 Final  project : Designing and present ing a comprehensive data visual izat ion project 
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of data visual izat ion and 
communicat ion concepts 

 Pract ical  exercises involving creat ion of data visual izat ions using var ious tools 
 Data analysis projects involving real-wor ld datasets and storytell ing 
 Final  project  assessment : Data visualizat ion design, communicat ion, and 

presentat ion 

Recommended Resour ces: 

 "Storytel l ing with Data: A Data Visual izat ion Guide for  Business Professionals" by 
Cole Nussbaumer Knafl ic 

 "Data Visual izat ion: A Pract ical  Int roduct ion" by Kieran Healy 
 Online tutor ials and resources for  data visual izat ion tools and techniques 
 Research papers and ar t icles on data visual izat ion pr inciples and best  pract ices 

ADVANCED DATA VI SUAL I ZATI ON TECH NI QUES 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course delves into advanced data visual izat ion 
techniques that  go beyond basic char ts and graphs. Students wi l l  learn how to 
create sophist icated and interact ive visual izat ions to uncover  complex insights from 
data. The course emphasizes hands-on pract ice, creat ive design, and effect ive 
communicat ion of complex informat ion. 

Week  1-2: I n t r oduct i on  t o Advanced  Dat a V i sual i zat i on  

 Importance of advanced data visual izat ion in exploratory analysis 
 Role of interact ive visualizat ions in uncover ing hidden pat terns 
 Ethical  considerat ions and biases in complex visual izat ions 
 Principles of effect ive communicat ion through advanced visual izat ion 

Week  3-4: Geogr aph i c and  Geospat i al  Vi sual i zat i on  

 Mapping data using choropleth maps and heatmaps 
 Geo-coding and geospat ial  data integrat ion 
 Interact ive mapping with tools l ike Leaflet  and Mapbox 
 Pract ical  exercise: Creat ing interact ive geographic visual izat ions 

Week  5-6: Net w or k  Vi sual i zat i on  and  Gr aphs 

 Understanding networks and graph st ructures 
 Representing relat ionships with node-l ink diagrams 
 Force-directed layouts and community detect ion algor i thms 
 Pract ical  exercise: Visual izing social  networks and connect ions 
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Week  7-8: T ime Ser i es and  Tempor al  V i sual i zat i on  

 Visual izing temporal  pat terns using l ine char ts and heatmaps 
 Seasonal decomposit ion and t rend analysis 
 Creat ing interact ive time ser ies visual izat ions with animat ions 
 Case studies: Analyzing t ime-dependent  datasets 

Week  9-10: H ier ar ch i cal  and  M u l t i var i at e Vi sual i zat i on  

 Visual izing hierarchical  data with t ree maps and sunbursts 
 Paral lel  coordinate plots for  mult ivar iate analysis 
 Advanced techniques for  handl ing large and complex datasets 
 Final  project : Designing and present ing an advanced data visual izat ion project 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of advanced data visual izat ion 
concepts 

 Hands-on exercises involving creat ion of interact ive visual izat ions using var ious 
tools 

 Data analysis projects involving real-wor ld datasets and advanced visual izat ions 
 Final  project  assessment : Advanced visual izat ion design, implementat ion, and 

presentat ion 

Recommended Resour ces: 

 "Interact ive Data Visual izat ion for  the Web: An Int roduct ion to Designing with D3" 
by Scot t  Murray 

 "Network Science" by Albert -László Barabási 
 Online tutor ials and resources for  advanced data visual izat ion tools and techniques 
 Research papers and ar t icles on advanced data visual izat ion pr inciples and best 

pract ices 

STORYTEL L I NG WI TH  DATA  

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on the art  of effect ively communicat ing 
data-dr iven insights through storytel l ing. Students wi l l  learn how to craft  
compel l ing narrat ives, design visual izat ions, and present  data-dr iven stor ies to 
diverse audiences. The course emphasizes both theoretical  concepts and pract ical 
appl icat ions. 

Week  1-2: I n t r oduct i on  t o St or yt el l i ng w i t h  Dat a  

 Importance of storytel l ing in data communicat ion 
 Role of narrat ive in making data meaningful  
 Ethical  considerat ions and biases in data storytel l ing 
 Principles of effect ive storytel ling with data 
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Week  3-4: Cr af t i ng a Dat a-Dr i v en  Nar r at i ve 

 Ident i fying the target  audience and purpose of the story 
 Defining the story arc: int roduct ion, confl ict , resolution 
 Incorporat ing context , emot ion, and relatabi l i t y in narrat ives 
 Pract ical  exercise: Creat ing a compel l ing data-dr iven narrat ive 

Week  5-6: Vi sual i zi n g Dat a for  St or yt el l i ng  

 Choosing appropr iate visual izations to support  the narrat ive 
 Design pr inciples for  impact ful  data visual izat ions 
 Ensur ing consistency and coherence in visual izat ion design 
 Pract ical  exercise: Designing visual izat ions that  enhance the story 

Week  7-8: I n t er act i ve Dat a St or i es 

 Incorporat ing interact ivi t y to engage the audience 
 Tools and plat forms for  creat ing interact ive data stor ies 
 Designing interact ive dashboards and infographics 
 Case study analysis of successful  interact ive data stor ies 

Week  9-10: Pr esen t i ng and  Com muni cat i n g Dat a St or i es 

 Effect ive presentat ion techniques for  data stor ies 
 Tai lor ing the presentat ion to the audience's level of exper t ise 
 Handl ing quest ions and feedback dur ing data story presentat ions 
 Final  project : Developing and del iver ing a comprehensive data-dr iven story 

presentat ion 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of storytel l ing with data concepts 
 Narrat ive craft ing exercises and visual izat ion design projects 
 Data analysis projects involving real-wor ld datasets and storytell ing 
 Final  project  assessment : Data-dr iven story development , presentat ion, and 

feedback handl ing 

Recommended Resour ces: 

 "Storytel l ing with Data: A Data Visual izat ion Guide for  Business Professionals" by 
Cole Nussbaumer Knafl ic 

 "Data Storytel ling: The Essent ial  Data Science Ski l l  Everyone Needs" by Nancy 
Duarte 

 Online tutor ials and resources for  data storytel ling and presentat ion techniques 
 Research papers and ar t icles on data storytel l ing pr inciples and best  pract ices 
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I NTERACTI VE VI SUAL I ZATI ONS USI NG M ATPL OTL I B, SEABORN, AND 
TABL EAU  

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on creat ing interact ive and engaging 
visual izat ions using popular  data visual izat ion l ibrar ies l ike Matplotl ib, Seaborn, 
and Tableau. Students wi l l  learn how to leverage these tools to create dynamic 
visual izat ions that  al low users to explore and interact  wi th data. The course 
emphasizes both theoretical  understanding and hands-on pract ice. 

Week  1-2: I n t r oduct i on  t o I n t er act i v e Vi sual i zat i ons 

 Importance of interact ive visual izat ions in data explorat ion and communicat ion 
 Role of user  engagement  and interaction in visual izat ions 
 Ethical  considerat ions and biases in interact ive visual izat ions 
 Principles of effect ive design for  interact ive visual izations 

Week  3-4: Exp lor i ng M at p l ot l i b and  Seabor n  

 Overview of Matplot l ib and Seaborn l ibrar ies 
 Creat ing basic stat ic visual izations using Matplot l ib and Seaborn 
 Customizing visual izat ions with colors, styles, and annotat ions 
 Pract ical  exercise: Developing stat ic visual izat ions 

Week  5-6: Add ing I n t er act i v i t y t o M at p l ot l i b and  Seabor n  

 Int roduct ion to interact ive features: tool t ips, zooming, panning 
 Incorporat ing interact ive widgets using Matplot l ib's mplcursors and 

mpl_interact ions 
 Dynamic visual izat ions with Seaborn's interact  funct ion 
 Pract ical  exercise: Enhancing visual izat ions with interact ivi t y 

Week  7-8: I n t r oduct i on  t o Tableau  

 Overview of Tableau and i t s capabi l i t ies 
 Connect ing to data sources and prepar ing data for  visual izat ion 
 Creat ing basic visual izat ions using Tableau's drag-and-drop inter face 
 Case study analysis of interact ive visual izat ions in Tableau 

Week  9-10: Advanced  I n t er act i ve Vi sual i zat i ons w i t h  Tableau  

 Incorporat ing interact ivi t y using Tableau act ions and fi l ters 
 Creat ing dashboards with mult iple interact ive visual izat ions 
 Adding storytel l ing elements to Tableau dashboards 
 Final  project : Designing and present ing a comprehensive interact ive visual izat ion 

project  
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of interact ive visual izat ion 
concepts 

 Hands-on exercises involving creat ing interact ive visual izat ions using Matplot lib, 
Seaborn, and Tableau 

 Data analysis projects involving real-wor ld datasets and interact ive visual izat ions 
 Final  project  assessment : Interact ive visual izat ion design, implementat ion, and 

presentat ion 

Recommended Resour ces: 

 Online documentat ion and tutor ials for  Matplot l ib, Seaborn, and Tableau 
 "Python Plot t ing with Matplot lib and Seaborn" by Benjamin Root 
 "Tableau Publ ic for  Data Visual izat ion" by George Peck 
 Research papers and ar t icles on interact ive visual izat ion pr inciples and best 

pract ices 

EFFECTI VE COM M UNI CATI ON OF DATA I NSI GH TS 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on developing the ski l ls necessary to 
effect ively communicate data-dr iven insights to diverse audiences. Students wi l l 
learn how to convey complex informat ion in a clear , compel l ing, and act ionable 
manner, foster ing effect ive decision-making based on data. The course emphasizes 
both theoret ical  concepts and pract ical  appl icat ions. 

Week  1-2: I n t r oduct i on  t o Ef fect i ve Commun i cat i on  of  Dat a I nsi gh t s 

 Importance of effect ive data communicat ion in decision-making 
 Role of storytel l ing, visual izat ion, and context  in data communicat ion 
 Ethical  considerat ions and biases in data communicat ion 
 Principles of effect ive communicat ion for  di fferent  audiences 

Week  3-4: Cr af t i ng Clear  and  Compel l i n g Dat a M essages 

 Ident i fying key messages and object ives for  data communicat ion 
 Simpl i fying complex concepts using plain language 
 St ructur ing data messages: headl ines, key points, call  to act ion 
 Pract ical  exercise: Creat ing clear  and compel l ing data messages 

Week  5-6: Vi sual  Commu ni cat i on  and  Design  Pr i nci p l es 

 Role of data visual izat ion in enhancing communicat ion 
 Design pr inciples for  effect ive data visual izat ions 
 Ensur ing consistency and clar i t y in visual izat ion design 
 Pract ical  exercise: Designing impact ful  data visual izat ions 
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Week  7-8: St or yt el l i ng w i t h  Dat a I nsi gh t s 

 Using narrat ive to contextual ize data insights 
 Incorporat ing emot ion, relatabi li t y, and human elements in data stor ies 
 Creat ing data-dr iven stor ies with a clear  beginning, middle, and end 
 Case study analysis of successful  data-dr iven stor ies 

Week  9-10: Tai l or i ng Commun i cat i on  for  D i f fer en t  Aud iences 

 Adapt ing communicat ion style and content  for  di fferent  stakeholders 
 Using appropr iate visual izat ions and language for  technical  and non-technical 

audiences 
 Present ing data insights to execut ives, cl ients, and the general  publ ic 
 Final  project : Developing and del iver ing an effect ive data communicat ion 

presentat ion 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of effect ive data communicat ion 
concepts 

 Messaging exercises, visual izat ion design projects, and storytel l ing exercises 
 Data analysis projects involving real-wor ld datasets and data communicat ion 
 Final  project  assessment : Data communicat ion design, presentat ion, and feedback 

handl ing 

Recommended Resour ces: 

 "Storytel l ing with Data: A Data Visual izat ion Guide for  Business Professionals" by 
Cole Nussbaumer Knafl ic 

 "Data Storytel ling: The Essent ial  Data Science Ski l l  Everyone Needs" by Nancy 
Duarte 

 Online tutor ials and resources for  effect ive data communicat ion techniques 
 Research papers and ar t icles on data communicat ion pr inciples and best  pract ices 
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SEM ESTER I I : 

PAPER 6: 

ADVANCED MACH I NE L EARNI NG 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course delves into advanced topics and techniques in 
machine learning, equipping students with a deep understanding of cut ting-edge 
algor i thms and their  appl icat ions. Students wi l l  learn how to tackle complex 
problems, opt imize models, and interpret  resul ts. The course emphasizes both 
theoret ical  concepts and hands-on implementat ion. 

Week  1-2: I n t r oduct i on  t o Advanced  M ach in e L ear n i ng  

 Importance of advanced machine learning in solving complex problems 
 Overview of advanced machine learning techniques and appl icat ions 
 Ethical  considerat ions and biases in advanced machine learning 
 Principles of model interpretabi l i t y and explainabi l i t y 

Week  3-4: Ensem ble M et hods and  M odel  St ack i ng 

 Int roduct ion to ensemble learning and i t s advantages 
 Bagging: Random Forests and Ext ra Trees 
 Boost ing: AdaBoost, Gradient  Boost ing, XGBoost , L ightGBM 
 Model stacking and blending for  improved per formance 

Week  5-6: Neur al  Net w or k s and  Deep L ear n i n g  

 Basics of ar ti ficial  neural  networks and deep learning 
 Archi tectures: Feedforward, Convolut ional , Recurrent  networks 
 Transfer  learning and pre-t rained models 
 Pract ical  exercise: Bui lding and t raining neural  networks 

Week  7-8: Unsuper vi sed  L ear n i n g Techn iques 

 Dimensional i t y reduct ion: PCA, t -SNE, UMAP 
 Cluster ing: K-Means, H ierarchical , DBSCAN 
 Anomaly detect ion and out l ier  analysis 
 Case study analysis of unsupervised learning appl icat ions 

Week  9-10: Advanced  M odel  Evalu at i on  and  I n t er p r et abi l i t y  

 Model evaluat ion met r ics beyond accuracy: precision, recal l , F1-score 
 ROC curves and AUC for  classi fier  evaluat ion 
 Model interpretabi li t y techniques: SHAP, L IME, feature importance 
 Final  project : Implement ing and evaluat ing advanced machine learning models 
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of advanced machine learning 
concepts 

 Hands-on exercises involving implementat ion of advanced algor i thms 
 Data analysis projects involving real-wor ld datasets and advanced machine 

learning techniques 
 Final  project  assessment : Advanced model implementat ion, evaluat ion, and 

presentat ion 

Recommended Resour ces: 

 "Hands-On Machine Learning with Scik i t -Learn, Keras, and TensorFlow" by 
Aurél ien Géron 

 "Int roduct ion to Machine Learning with Python" by Andreas C. Mül ler  and Sarah 
Guido 

 Online tutor ials and resources for  advanced machine learning tools and techniques 
 Research papers and ar t icles on advanced machine learning pr inci ples and 

appl icat ions 

DEEP L EARNI NG FUNDAM ENTAL S 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of deep learning concepts and techniques. Students wi l l  learn the 
foundat ional  pr inciples of neural  networks, deep archi tectures, and opt imizat ion 
methods, enabl ing them to apply deep learning to a wide range of real-wor ld 
problems. The course emphasizes both theoret ical  understanding and hands-on 
implementat ion. 

Week  1-2: I n t r oduct i on  t o Deep L ear n i n g  

 Importance of deep learning in modern AI  and data science 
 Historical  context  and evolut ion of neural  networks 
 Ethical  considerat ions and biases in deep learning algor i thms 
 Basics of gradient -based opt imizat ion and backpropagat ion 

Week  3-4: Neur al  Net w or k s and  Act i vat i on  Funct i ons 

 St ructure and components of ar ti ficial  neural  networks 
 Act ivat ion funct ions: sigmoid, ReLU, tanh, softmax 
 Feedforward and backpropagat ion in neural  networks 
 Pract ical  exercise: Implement ing a basic neural  network 
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Week  5-6: Conv olu t i onal  Neur al  Net w or k s (CNNs) 

 Int roduct ion to CNNs and their  appl icat ions 
 Convolut ional  layers, pooling layers, and st r ide 
 Transfer  learning with pre-t rained CNNs 
 Case study: Image classi ficat ion using CNNs 

Week  7-8: Recur r en t  Neur al  Net w or k s (RNNs) and  L ong Shor t -Ter m  
M emor y (L STM ) 

 Understanding sequent ial  data and RNNs 
 Long Short -Term Memory (LSTM) networks for  sequence modeling 
 Appl icat ions of RNNs and LSTMs: text  generat ion, t ime ser ies predict ion 
 Pract ical  exercise: Implement ing an LSTM model 

Week  9-10: Gener at i v e Adver sar i al  Net w or k s (GANs) and  Deep 
Rein for cem ent  L ear n i ng  

 Int roduct ion to Generative Adversar ial  Networks (GANs) 
 GAN archi tecture, t raining process, and appl icat ions 
 Basics of deep reinforcement  learning and Q-learning 
 Final  project : Implement ing and applying a deep learning model 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of deep learning fundamentals 
 Hands-on exercises involving implementat ion of neural  networks and deep learning 

techniques 
 Data analysis projects involving real-wor ld datasets and deep learning appl icat ions 
 Final  project  assessment : Deep learning model implementat ion, evaluat ion, and 

presentat ion 

Recommended Resour ces: 

 "Deep Learning" by Ian Goodfel low, Yoshua Bengio, and Aaron Courvi l le 
 "Neural  Networks and Deep Learning: A Textbook" by Charu Aggarwal  
 Online tutor ials and resources for  deep learning tools and techniques (TensorFlow, 

PyTorch) 
 Research papers and ar t icles on deep learning pr inciples and appl icat ions 

NEURAL  NETWORKS AND ARCH I TECTURES 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on providing students with a deep 
understanding of neural  networks, their  archi tectures, and their  appl icat ions. 
Students wi l l  learn the theory behind var ious neural  network archi tectures, their 
components, and how to design and implement  them for  solving complex real-wor ld 
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problems. The course emphasizes both theoret ical  concepts and pract ical 
implementat ions. 

Week  1-2: I n t r oduct i on  t o Neur al  Net w or k s and  Deep L ear n i ng  

 Importance of neural  networks in modern AI  and data science 
 Historical  overview and evolut ion of neural  networks 
 Ethical  considerat ions and biases in neural  network algor ithms 
 Basics of gradient -based opt imizat ion and backpropagat ion 

Week  3-4: F eed for w ar d  Neur al  Net w or k s 

 St ructure and components of feedforward neural  networks 
 Act ivat ion funct ions: sigmoid, ReLU, tanh, softmax 
 Weight  ini t ial izat ion techniques and regular izat ion methods 
 Pract ical  exercise: Implement ing a feedforward neural  network 

Week  5-6: Conv olu t i onal  Neur al  Net w or k s (CNNs) 

 Int roduct ion to CNNs and their  appl icat ions in computer  vision 
 Convolut ional  layers, pooling layers, and spat ial  hierarchies 
 Transfer  learning and pre-t rained CNNs 
 Case study: Image classi ficat ion using CNNs 

Week  7-8: Recur r en t  Neur al  Net w or k s (RNNs) and  Sequence M odel s 

 Understanding sequent ial  data and appl icat ions of RNNs 
 Long Short -Term Memory (LSTM) and Gated Recurrent  Unit  (GRU) networks 
 Sequence-to-sequence models and at tent ion mechanisms 
 Pract ical  exercise: Implement ing a sent iment  analysis RNN model 

Week  9-10: Gener at i ve M odel s and  Fu t u r e Tr ends 

 Int roduct ion to generative models: autoencoders, var iat ional  autoencoders (VAEs) 
 Int roduct ion to Generative Adversar ial  Networks (GANs) 
 Current  t rends in neural  network archi tectures: Transformers, BERT, GPT 
 Final  project : Designing and implement ing a neural  network archi tecture 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of neural  networks and 
archi tectures 

 Hands-on exercises involving implementat ion of var ious neural  network 
archi tectures 

 Data analysis projects involving real-wor ld datasets and neural  network 
appl icat ions 

 Final  project  assessment : Neural  network archi tecture design, implementat ion, and 
presentat ion 
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Recommended Resour ces: 

 "Deep Learning" by Ian Goodfel low, Yoshua Bengio, and Aaron Courvi l le 
 "Neural  Networks and Deep Learning: A Textbook" by Charu Aggarwal  
 Online tutor ials and resources for  neural  network tools and frameworks 

(TensorFlow, PyTorch) 
 Research papers and ar t icles on neural  network archi tectures and appl icat ions 

CONVOL UTI ONAL  AND RECURRENT NEURAL  NETWORKS 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on providing students with an in-depth 
understanding of convolut ional  neural  networks (CNNs) and recur rent  neural  
networks (RNNs), two fundamental  archi tectures in deep learning. Students wi l l  
learn how to design, implement , and apply CNNs and RNNs to solve complex real-
wor ld problems. The course emphasizes both theoret ical  concepts and hands-on 
implementat ions. 

Week  1-2: I n t r oduct i on  t o Convolu t i on al  and  Recur r en t  Neur al  Net w or k s 

 Importance of CNNs and RNNs in modern AI  and data science 
 Role of CNNs in computer  vision and RNNs in sequence model ing 
 Ethical  considerat ions and biases in neural  network algor ithms 
 Basics of gradient -based opt imizat ion and backpropagat ion 

Week  3-4: Conv olu t i onal  Neur al  Net w or k s (CNNs) - Fundament al s 

 St ructure and components of convolut ional  layers 
 Convolut ional  operat ion, st r ide, padding, and fi l ter  sizes 
 Pooling layers and spat ial  hierarchies in CNNs 
 Pract ical  exercise: Implement ing a basic CNN for  image classi ficat ion 

Week  5-6: Conv olu t i onal  Neur al  Net w or k s (CNNs) - Ar ch i t ect u r es 

 Int roduct ion to popular  CNN archi tectures: LeNet , AlexNet , VGG, ResNet 
 Design pr inciples for  deep CNN archi tectures 
 Transfer  learning and fine-tuning with pre-t rained CNNs 
 Case study: Image classi ficat ion using deep CNNs 

Week  7-8: Recur r en t  Neur al  Net w or k s (RNNs) - Basi cs 

 Understanding sequent ial  data and appl icat ions of RNNs 
 St ructure of recurrent  layers: simple RNN, LSTM, GRU 
 Handl ing vanishing gradient  problem in RNNs 
 Pract ical  exercise: Implement ing a basic RNN for  sequence generat ion 

Week  9-10: Recur r en t  Neur al  Net w or k s (RNNs) - App l i cat i ons 

 Sequence-to-sequence models and at tent ion mechanisms 
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 Language model ing, text  generat ion, and machine t ranslat ion with RNNs 
 Time ser ies predict ion and anomaly detect ion using RNNs 
 Final  project : Designing and implement ing a CNN or  RNN-based appl icat ion 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of CNNs and RNNs concepts 
 Hands-on exercises involving implementat ion of CNNs and RNNs archi tectures 
 Data analysis projects involving real-wor ld datasets and CNN/RNN appl icat ions 
 Final  project  assessment : CNN/RNN model design, implementat ion, and 

presentat ion 

Recommended Resour ces: 

 "Deep Learning" by Ian Goodfel low, Yoshua Bengio, and Aaron Courvi l le 
 "Neural  Networks and Deep Learning: A Textbook" by Charu Aggarwal  
 Online tutor ials and resources for  neural  network tools and frameworks 

(TensorFlow, PyTorch) 
 Research papers and ar t icles on CNN and RNN archi tectures and appl icat ions 

TRANSFER L EARNI NG AND M ODEL  FI NE-TUNI NG 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on t ransfer  learning, a powerful  
technique in deep learning, and model fine-tuning, which enables the adaptat ion of 
pre-t rained models to speci fic tasks. Students wi l l  learn how to leverage pre-t rained 
models, ext ract  features, and fine-tune models for  var ious appl icat ions. The course 
emphasizes both theoretical  understanding and pract ical  implementat ion. 

Week  1-2: I n t r oduct i on  t o Tr ansfer  L ear n i ng and  M odel  F i ne-Tun in g  

 Importance of t ransfer  learning in leveraging pre-t rained models 
 Role of model fine-tuning in adapt ing pre-t rained models 
 Ethical  considerat ions and biases in t ransfer  learning and fine-tuning 
 Basics of gradient -based opt imizat ion and backpropagat ion 

Week  3-4: Tr ansfer  L ear n i ng Appr oaches and  St r at egi es 

 Understanding di fferent  t ransfer  learning scenar ios: same, simi lar , and di fferent 
domains 

 Feature ext ract ion and fine-tuning st rategies 
 Popular  pre-t rained models: VGG, ResNet , Incept ion, BERT, GPT 
 Pract ical  exercise: Ext ract ing features from pre-t rained models 

Week  5-6: Tr ansfer  L ear n i ng i n  Comput er  V i si on  

 Using pre-t rained CNNs for  image classi ficat ion and object  detection 
 Fine-tuning CNNs for  speci fic visual  recognit ion tasks 
 Handl ing data and class dist r ibut ion di fferences in t ransfer  learning 
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 Case study: Image classi ficat ion using t ransfer  learning 

Week  7-8: Tr ansfer  L ear n i ng i n  Nat u r al  L an guage Pr ocessing  

 Fine-tuning pre-t rained language models for  text  classi ficat ion and sent iment 
analysis 

 Adapt ing language models for  text  generat ion and machine t ranslation 
 Incorporat ing domain-speci fic vocabulary and tasks 
 Pract ical  exercise: Fine-tuning a pre-t rained language model 

Week  9-10: M odel  Evaluat i on  and  App l i cat i on  of  Tr ansfer  L ear n i ng  

 Evaluat ion met r ics for  t ransfer  learning and fine-tuned models 
 Handl ing over fi t t ing and bias in fine-tuning 
 Applying t ransfer  learning and fine-tuni ng to real-wor ld problems 
 Final  project : Applying t ransfer  learning and fine-tuning to a complex task 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of t ransfer  learning and fine-
tuning concepts 

 Hands-on exercises involving implementat ion of t ransfer  learning and fi ne-tuning 
techniques 

 Data analysis projects involving real-wor ld datasets and t ransfer  learning 
appl icat ions 

 Final  project  assessment : Transfer  learning and fi ne-tuning implementat ion, 
evaluat ion, and presentat ion 

Recommended Resour ces: 

 "Deep Learning" by Ian Goodfel low, Yoshua Bengio, and Aaron Courvi l le 
 Online tutor ials and resources for  t ransfer  learning and model fine-tuning 

(TensorFlow, PyTorch) 
 Research papers and ar t icles on t ransfer  learning and fine-tuni ng techniques 
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PAPER 7: 

BI G DAT A AND CL OUD COMPUTI NG 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on the pr inciples, technologies, and 
appl icat ions of big data and cloud comput ing. Students wi l l  learn how to handle and 
process large volumes of data using cloud-based infrast ructure and tools. The course 
emphasizes both theoretical  concepts and hands-on exper ience in managing and 
analyzing big data in a cloud environment . 

Week  1-2: I n t r oduct i on  t o Bi g Dat a and  Cloud  Comput i ng  

 Importance of big data and cloud comput ing in modern data-dr iven appl icat ions 
 Role of cloud comput ing in scalable and cost -effect ive data processing 
 Ethical  considerat ions and secur i t y chal lenges in big data and cloud comput ing 
 Basics of cloud service models: IaaS, PaaS, SaaS 

Week  3-4: Bi g D at a Ch ar act er i st i cs and  Chal l enges 

 Understanding the 5 Vs of big data: volume, velocity, var iety, veraci ty, value 
 Chal lenges in stor ing, processing, and analyzing bi g data 
 Overview of dist r ibuted comput ing frameworks: Hadoop, Spark, Fl ink 
 Pract ical  exercise: Sett ing up a basic Hadoop cluster 

Week  5-6: Cloud  Ser vi ces for  Bi g Dat a Pr ocessing  

 Cloud plat forms and services: AWS, Google Cloud, Azure 
 Managing big data using cloud-based storage: Amazon S3, Google Cloud Storage 
 Processing big data with cloud-based plat forms: Amazon EMR, Google Dataproc 
 Case study: Running a big data processing job on a cloud plat form 

Week  7-8: Bi g D at a Anal yt i cs and  M ach ine L ear n i ng i n  t he Cloud  

 Implement ing dist r ibuted data processing with Apache Spark 
 Ut i l izing cloud-based machine learning plat forms: Amazon SageMaker, Google AI 

Plat form 
 Running machine learning pipel ines on the cloud: data preprocessing, t raining, 

evaluat ion 
 Pract ical  exercise: Bui lding a cloud-based machine learning model 

Week  9-10: Real -t ime Dat a Pr ocessing and  Fu t u r e Tr ends 

 St reaming data processing with Apache Kafka and Apache Fl ink 
 Real-t ime analyt ics and visual izat ion on the cloud 
 Edge comput ing and Internet  of Things (IoT) appl icat ions in cloud comput ing 
 Final  project : Designing and implement ing a big data analyt ics solut ion on the 

cloud 
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of big data and cloud comput ing 
concepts 

 Hands-on exercises involving cloud-based big data processing and analysis 
 Data analysis projects involving real-wor ld datasets and cloud comput ing plat forms 
 Final  project  assessment : Cloud-based big data analyt ics solut ion design, 

implementat ion, and presentat ion 

Recommended Resour ces: 

 "Big Data: A Revolut ion That  Wil l  Transform How We L ive, Work, and Think" by 
Viktor  Mayer-Schönberger  and Kenneth Cukier 

 Online tutor ials and resources for  big data tools and cloud comput ing plat forms 
(AWS, Google Cloud, Azure) 

 Research papers and ar t icles on big data and cloud comput ing pr inciples and 
appl icat ions 

I NTRODUCTI ON TO BI G DATA TECH NOL OGI ES (H ADOOP, SPARK) 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides an int roduct ion to the fundamental  
concepts and technologies of big data processing, focusing on Apache Hadoop and 
Apache Spark. Students wi l l learn about  the archi tecture, components, and 
appl icat ions of these plat forms in handl ing and analyzing large-scale data. The 
course emphasizes both theoret ical understanding and hands-on exper ience in 
working with Hadoop and Spark. 

Week  1-2: I n t r oduct i on  t o Bi g Dat a and  D i st r i bu t ed  Comput i ng  

 Importance of big data technologies in modern data-dr iven appl icat ions 
 Chal lenges and opportuni t ies presented by large-scale data processing 
 Ethical  considerat ions and pr ivacy concerns in big data analyt ics 
 Basics of dist r ibuted comput ing and paral lel  processing 

Week  3-4: Apach e H adoop - Cor e Concept s and  Component s 

 Int roduct ion to Hadoop ecosystem: HDFS, MapReduce, YARN 
 Archi tecture and data storage in HDFS 
 MapReduce programming paradigm for  batch processing 
 Pract ical  exercise: Sett ing up a Hadoop cluster  and running a MapReduce job 

Week  5-6: H adoop Ecosyst em and  Dat a Pr ocessing  

 Int roduct ion to Hadoop ecosystem components: H ive, Pig, HBase 
 SQL-l ike querying with H ive and data manipulat ion with Pig 
 NoSQL data storage and ret r ieval  wi th HBase 
 Case study: Data processing with Hadoop ecosystem tools 
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Week  7-8: I n t r oduct i on  t o Apache Spar k  

 Overview of Apache Spark and i t s advantages over  MapReduce 
 Spark archi tecture: RDDs, t ransformat ions, act ions 
 Spark programming with PySpark  
 Pract ical  exercise: Wr i t ing and execut ing Spark appl icat ions 

Week  9-10: Spar k  Dat a Pr ocessing and  Advanced  Concept s 

 Data processing and manipulat ion with Spark 's DataFrame API 
 Spark SQL for  querying st ructured data 
 Int roduct ion to Spark St reaming and Machine Learning with ML l ib 
 Final  project : Implement ing a big data processing pipel ine using Hadoop and Spark 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of big data technologies (Hadoop, 
Spark) concepts 

 Hands-on exercises involving Hadoop and Spark cluster setup, MapReduce, and 
Spark appl icat ions 

 Data analysis projects involving real-wor ld datasets and big data processing using 
Hadoop and Spark 

 Final  project  assessment : Big data processing pipel ine implementat ion, evaluat ion, 
and presentat ion 

Recommended Resour ces: 

 "Hadoop: The Defini t ive Guide" by Tom White 
 "Learning Spark: L ightning-Fast  Data Analyt ics" by Holden Karau, Andy 

Konwinski , Pat r ick Wendel l , Matei  Zahar ia 
 Online tutor ials and resources for  Hadoop and Spark (Apache Hadoop website, 

Apache Spark websi te) 
 Research papers and ar t icles on big data technologies and their  appl icat ions 

DATA STORAGE AND PROCESSI NG I N DI STRI BUTED ENVI RONM ENTS 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides an in-depth understanding of data 
storage and processing techniques in dist r ibuted environments, focusing on key 
concepts, technologies, and tools. Students wi l l  learn how to manage, store, and 
process large-scale data across dist r ibuted systems, enabl ing them to design and 
implement  scalable and efficient  data solut ions. The course emphasizes both 
theoret ical  concepts and pract ical  appl icat ions. 

Week  1-2: I n t r oduct i on  t o D i st r i bu t ed  Dat a St or age and  Pr ocessing  

 Importance of dist r ibuted data storage and processing in modern appl icat ions 
 Chal lenges in managing and processing large-scale data 
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 Ethical  considerat ions and secur i t y chal lenges in dist r ibuted environments 
 Basics of dist r ibuted systems and paral lel processing 

Week  3-4: D i st r i bu t ed  F i l e Syst ems and  Dat a St or age 

 Overview of dist r ibuted fi le systems: HDFS, Google Fi le System, Amazon S3 
 Archi tecture and data storage in dist r ibuted fi le systems 
 Data repl icat ion, faul t  tolerance, and data consistency 
 Pract ical  exercise: Sett ing up and using HDFS for  data storage 

Week  5-6: Dat a Pr ocessing Fr am ew or k s 

 Int roduct ion to dist r ibuted data processing frameworks: MapReduce, Apache Spark 
 MapReduce programming model, jobs, and tasks 
 Spark archi tecture, RDDs, t ransformat ions, and act ions 
 Pract ical  exercise: Implement ing data processing tasks with MapReduce and Spark 

Week  7-8: Dat a St or age and  Pr ocessing Techn ologi es 

 Overview of NoSQL databases: MongoDB, Cassandra, HBase 
 Data model ing and querying in NoSQL databases 
 In-memory data processing with Apache Igni te 
 Case study: Designing a dist r ibuted data storage and processing solut ion 

Week  9-10: St r eam Pr ocessing and  Fu t u r e Tr ends 

 Real-t ime data processing and st ream processing frameworks: Apache Kafka, 
Apache Fl ink 

 Lambda and Kappa archi tectures for  data processing 
 Server less comput ing and container izat ion in dist r ibuted environments 
 Final  project : Designing and implement ing a dist r ibuted data processing pipel ine 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of dist r ibuted data storage and 
processing concepts 

 Hands-on exercises involving setup of dist r ibuted fi le systems, MapReduce, and 
Spark appl icat ions 

 Data analysis projects involving real-wor ld datasets and dist r ibuted data processing 
techniques 

 Final  project  assessment : Dist r ibuted data processing pipel ine design, 
implementat ion, and presentat ion 

Recommended Resour ces: 

 "Dist r ibuted Systems: Concepts and Design" by George Coulour is, Jean Dol l imore, 
and Tim Kindberg 

 "Big Data: A Revolut ion That  Wil l  Transform How We L ive, Work, and Think" by 
Viktor  Mayer-Schönberger  and Kenneth Cukier 
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 Online tutor ials and resources for  dist r ibuted data storage and processing tools 
(Hadoop, Spark, NoSQL databases) 

 Research papers and ar t icles on dist r ibuted data storage and processing pr inciples 
and appl icat ions 

CL OUD COM PUTI NG PL ATFORM S (AWS, AZURE, GCP) 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides a comprehensive overview of cloud 
comput ing plat forms, focusing on Amazon Web Services (AWS), M icrosoft Azure, 
and Google Cloud Plat form (GCP). Students wi l l  learn how to leverage cloud 
services for  deploying appl icat ions, managing infrast ructure, and analyzi ng data. 
The course emphasizes both theoret ical  concepts and hands-on exper ience with 
cloud plat forms. 

Week  1-2: I n t r oduct i on  t o Cloud  Comput i ng and  Cloud  Ser v i ce M odel s 

 Importance of cloud comput ing in modern IT infrast ructure 
 Overview of cloud service models: Infrast ructure as a Service (IaaS), Plat form as a 

Service (PaaS), Software as a Service (SaaS) 
 Ethical  considerat ions and secur i t y chal lenges in cloud comput ing 
 Basics of vi r tual ization and container izat ion 

Week  3-4: Am azon  Web Ser vi ces (AWS) 

 Int roduct ion to AWS and i t s services 
 Compute services: Amazon EC2, AWS Lambda, AWS Elast ic Beanstalk 
 Storage services: Amazon S3, Amazon EBS 
 Pract ical  exercise: Sett ing up an AWS account , launching EC2 instances 

Week  5-6: M i cr osof t  Azur e 

 Overview of M icrosoft  Azure and i ts offer ings 
 Azure vir tual  machines, Azure App Service, Azure Funct ions 
 Azure storage solutions: Azure Blob Storage, Azure Table Storage 
 Case study: Deploying a web appl icat ion on Azure 

Week  7-8: Google Cloud  Plat for m (GCP) 

 Int roduct ion to GCP and i t s services 
 Compute services: Google Compute Engine, Google App Engine 
 GCP storage solut ions: Google Cloud Storage, Google Cloud SQL 
 Pract ical  exercise: Creat ing and managing resources on GCP 

Week  9-10: Cloud  An al yt i cs, DevOps, and  Fu t u r e Tr ends 
 

 Cloud-based data analyt ics with services l ike AWS Redshift , Azure SQL Data 
Warehouse, BigQuery 
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 DevOps pract ices in cloud environments: cont inuous integrat ion, cont inuous 
deployment  

 Edge comput ing and server less comput ing 
 Final  project : Deploying a mult i -t ier  appl icat ion on a cloud plat form 

 

Assessment  M et hods: 
 

 Quizzes and assignments to assess understanding of cloud comput ing plat form 
concepts 

 Hands-on exercises involving setup and ut il izat ion of cloud services on AWS, Azure, 
and GCP 

 Appl icat ion deployment  projects involving real-wor ld scenar ios on cloud plat forms 
 Final  project  assessment : Cloud appl icat ion deployment , evaluat ion, and 

presentat ion 
 

Recommended Resour ces: 
 

 "AWS Cert i fied Solut ions Archi tect  Official  Study Guide" by Joe Baron, H isham 
Baz, Tim Bixler , Bi ff Gaut , Kevin E. Kel ly, Sean Senior , John Stamper 

 "M icrosoft  Azure Essent ials: Fundamentals of Azure" by M ichael S. Col l ier  and 
Robin E. Shahan 

 Online tutor ials and documentat ion for  AWS, Azure, and GCP 
 Research papers and ar t icles on cloud comput ing pr inciples and appl icat ions 

 

SCAL ABL E DATA ANAL YSI S AND M ACH I NE L EARNI NG ON TH E CL OUD  
 

Cour se Dur at i on : 10 w eek s 
 
Cour se Descr i p t i on : This course focuses on enabling students to per form scalable 
data analysis and machine learning tasks using cloud comput ing plat forms. 
Students wi l l  learn how to leverage cloud resources and tools to process and analyze 
large datasets, implement  machine learning models, and deploy scalable solut ions. 
The course emphasizes both theoret ical  understanding and hands-on exper ience 
with cloud-based data analysis and machine learning. 
 

Week  1-2: I n t r oduct i on  t o Scalable Dat a Anal ysi s and  Cloud  Comput i ng 
 

 Importance of scalable data analysis and machine learning on the cloud 
 Role of cloud comput ing plat forms in enabl ing scalable solut ions 
 Ethical  considerat ions and secur i t y chal lenges in cloud-based data analysis 
 Basics of vi r tual ization, container izat ion, and auto-scal ing 

 

Week  3-4: Cloud-Based  Dat a St or age and  Pr ocessing 
 

 Ut i l izing cloud-based storage services: Amazon S3, Azure Blob Storage, Google 
Cloud Storage 

 Set t ing up dist r ibuted data processing: Amazon EMR, Azure HDInsight , Google 
Dataproc 

 Leveraging dist r ibuted data processing frameworks: Apache Spark on the cloud 
 Pract ical  exercise: Processing large datasets using Spark on the cloud 

 

Week  5-6: Scalabl e M ach ine L ear n i ng on  Cloud  Plat for ms 
 

 Int roduct ion to cloud-based machine learning plat forms: AWS SageMaker, Azure 
Machine Learning, Google AI  Plat form 
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 Data preprocessing and feature engineer ing in a dist r ibuted environment 
 Training and evaluat ing machine learning models at  scale 
 Case study: Bui lding a scalable machine learning pipel ine on the cloud 

 

Week  7-8: Cloud-Based  M odel  Dep loyment  and  Ser v i ng 
 

 Model deployment  st rategies and considerat ions on the cloud 
 Server less comput ing for  scalable and cost -efficient  model serving 
 Real-t ime predict ion with cloud-based APIs: AWS Lambda, Azure Funct ions, Google 

Cloud Funct ions 
 Pract ical  exercise: Deploying a t rained model for  real-t ime predict ions 

 

Week  9-10: Cloud-En abled  B ig Dat a An al yt i cs and  Fu t u r e Tr ends 
 

 Integrat ing cloud-based big data analyt ics with scalable machine learning 
 Scalable data visual izat ion and repor t ing: AWS QuickSight , Power BI , Google Data 

Studio 
 Edge comput ing and IoT appl icat ions on the cloud 
 Final  project : Designing and implement ing a complete end-to-end scalable data 

analysis and machine learning solut ion on the cloud 
 

Assessment  M et hods: 
 

 Quizzes and assignments to assess understanding of scalable data analysis and 
cloud comput ing concepts 

 Hands-on exercises involving cloud-based data processing, machine learning, and 
model deployment 

 Data analysis and machine learning projects involving real-wor ld datasets and 
cloud plat forms 

 Final  project  assessment : Scalable data analysis and machine learning solut ion 
design, implementat ion, and presentat ion 
 

Recommended Resour ces: 
 

 "Hands-On Machine Learning with Scik i t -Learn, Keras, and TensorFlow" by 
Aurél ien Géron 

 Online tutor ials and documentat ion for  cloud-based data analysis and machine 
learning plat forms (AWS SageMaker, Azure Machine Learning, Google AI 
Plat form) 

 Research papers and ar t icles on scalable data analysis and machine learning on the 
cloud  
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PAPER 8: 

NAT URAL  L ANGUAGE PROCESSI NG 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on providing students with a 
comprehensive understanding of natural  language processing (NLP) techniques and 
appl icat ions. Students wi l l  learn how to process, analyze, and generate human 
language using computat ional  methods. The course covers both theoretical 
foundat ions and pract ical  implementat ions of NLP algor ithms and models. 

Week  1-2: I n t r oduct i on  t o Nat u r al  L an guage Pr ocessing  

 Importance of NLP in modern AI  appl icat ions 
 Overview of NLP tasks: text  classi ficat ion, sent iment  analysis, machine t ranslat ion, 

etc. 
 Ethical  considerat ions and biases in NLP algor i thms 
 Basics of l inguist ic and syntact ic analysis 

Week  3-4: T ext  Pr epr ocessing and  Tok en i zat i on  

 Cleaning and prepar ing text  data for  analysis 
 Tokenizat ion: breaking text  into words and sentences 
 Stopword removal and stemming 
 Pract ical  exercise: Preprocessing text  data using Python/NLTK 

Week  5-6: T ext  Repr esen t at i on  and  F eat u r e En gineer i ng  

 Bag-of-words and TF-I DF representations 
 Word embeddings: Word2Vec, GloVe 
 Document  embeddings: Doc2Vec, sentence embeddings 
 Pract ical  exercise: Generat ing word embeddings and feature vectors 

Week  7-8: Sen t im ent  Anal ysi s and  Text  Classi f i cat i on  

 Binary and mult i -class text  classi fication 
 Sent iment  analysis techniques: lexicon-based, machine learning, deep learning 
 Bui lding and evaluat ing classi ficat ion models 
 Case study: Sent iment  analysis using a movie review dataset 

Week  9-10: Sequence M odel i ng and  Advanced  NL P T op i cs 

 Int roduct ion to sequence model ing: Markov models, H idden Markov Models 
 Int roduct ion to recurrent  neural  networks (RNNs) 
 Sequence-to-sequence models for  machine t ranslat ion 
 Final  project : Implement ing an NLP appl icat ion (e.g., chatbot , language 

t ranslat ion) 
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of NLP concepts and techniques 
 Hands-on exercises involving text  preprocessing, feature engineer ing, and NLP 

model implementat ion 
 NLP projects involving real-wor ld datasets and appl icat ions 
 Final  project  assessment : NLP appl icat ion design, implementat ion, evaluat ion, and 

presentat ion 

Recommended Resour ces: 

 "Speech and Language Processing" by Dan Jurafsky and James H. Mart in 
 "Natural  Language Processing with Python" by Steven Bird, Ewan Klein, and 

Edward Loper 
 Online tutor ials and resources for  NLP l ibrar ies and frameworks (NLTK, spaCy, 

TensorFlow, PyTorch) 
 Research papers and ar t icles on NLP algor i thms, models, and appl icat ions 

BASI CS OF TEXT PROCESSI NG AND ANAL YSI S 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides an int roduct ion to the fundamental  
concepts and techniques of text  processing and analysis. Students wi l l  learn how to 
preprocess, analyze, and ext ract insights from textual data using computat ional 
methods. The course covers both theoret ical  foundat ions and pract ical 
implementat ions of text  processing techniques. 

Week  1-2: I n t r oduct i on  t o Text  Pr ocessing and  Anal ysi s 

 Importance of text  processing and analysis in data-dr iven decision making 
 Overview of text  analysis tasks: text  classi ficat ion, sentiment  analysis, ent i t y 

recognit ion, etc. 
 Ethical  considerat ions and biases in text  analysis algor i thms 
 Basics of l inguist ic and syntact ic analysis 

Week  3-4: T ext  Pr epr ocessing and  Tok en i zat i on  

 Cleaning and prepar ing text  data for  analysis 
 Tokenizat ion: breaking text  into words and sentences 
 Stopword removal, stemming, and lemmat izat ion 
 Pract ical  exercise: Preprocessing text  data using Python/NLTK 

Week  5-6: T ext  Repr esen t at i on  and  F eat u r e En gineer i ng  

 Bag-of-words and TF-I DF representations 
 Word embeddings: Word2Vec, GloVe 
 Document  embeddings: Doc2Vec, sentence embeddings 
 Feature ext ract ion techniques for  text  data 
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 Pract ical  exercise: Generat ing word embeddings and feature vectors 

Week  7-8: T ext  Classi f i cat i on  and  Sent iment  Anal ysi s 

 Int roduct ion to text  classi ficat ion and sent iment  analysis 
 Binary and mult i -class text  classi fication 
 Sent iment  analysis techniques: lexicon-based, machine learning, deep learning 
 Bui lding and evaluat ing classi ficat ion models 
 Case study: Sent iment  analysis using a movie review dataset 

Week  9-10: Named Ent i t y Recogn i t i on  and  Fu t u r e Tr ends 

 Int roduct ion to named ent it y recognit ion (NER) 
 NER techniques and chal lenges 
 Appl icat ions of NER in informat ion ext ract ion and knowledge graph const ruct ion 
 Emerging t rends in text  processing and analysis 
 Final  project : Implement ing a basic text  processing and analysis pipel ine 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of text  processing and analysis 
concepts 

 Hands-on exercises involving text  preprocessing, feature engineer ing, and model 
implementat ion 

 Text  analysis projects involving real-wor ld datasets and appl icat ions 
 Final  project  assessment : Text  processing and analysis pipel ine design, 

implementat ion, and presentat ion 

Recommended Resour ces: 

 "Text  Analyt ics with Python" by Dipanjan Sarkar  
 "Natural  Language Processing with Python" by Steven Bird, Ewan Klein, and 

Edward Loper 
 Online tutor ials and resources for  text  processing l ibrar ies and frameworks (NLTK, 

spaCy, scik i t -learn) 
 Research papers and ar t icles on text  processing and analysis techniques and 

appl icat ions 

TOKENI ZATI ON, STEM M I NG, AND L EMM ATI ZATI ON 

Cour se Dur at i on : 6 w eek s 

Cour se Descr i p t i on : This course provides an in-depth explorat ion of text 
preprocessing techniques essent ial  for effect ive natural  language processing. 
Students wi l l  learn how to break down text  into tokens, reduce words to their  root 
forms using stemming and lemmat izat ion, and understand the importance of these 
techniques in text  analysis and machine learning appl icat ions. The course 
emphasizes hands-on pract ice and pract ical  implementat ions. 
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Week  1: I n t r oduct i on  t o Text  Pr epr ocessing  

 Importance of text  preprocessing in natural  language processing 
 Overview of text  preprocessing techniques: tokenizat ion, stemming, lemmat izat ion 
 Ethical  considerat ions and biases in text  preprocessing 
 Basic l inguist ic concepts relevant  to text  processing 

Week  2: Tok en i zat i on  

 Understanding the concept  of tokens and tokenizat ion 
 Tokenizat ion methods: word-based and sentence-based 
 Handl ing special  cases: cont ract ions, punctuat ion, URLs 
 Pract ical  exercise: Tokenizing text  data using Python l ibrar ies 

Week  3: St emming  

 Int roduct ion to stemming and i t s purpose in text  analysis 
 Porter  stemming algor i thm and i t s var iat ions 
 Snowbal l  stemming algor i thm 
 Pract ical  exercise: Implement ing stemming using Python/NLTK 

Week  4: L emmat i zat i on  

 Int roduct ion to lemmat izat ion and i t s advantages over  stemming 
 Lemmat izat ion approaches: rule-based and machine learning-based 
 Lemmat izat ion l ibrar ies: WordNet  Lemmat izer , spaCy 
 Pract ical  exercise: Applying lemmat izat ion to text  data 

Week  5: App l i cat i ons of  Pr epr ocessing Techn iques 

 Role of tokenizat ion, stemming, and lemmat izat ion in text  analysis 
 How preprocessing improves feature ext ract ion and model per formance 
 Text  classi ficat ion and sent iment  analysis examples 
 Pract ical  exercise: Using preprocessed text  for  sent iment  analysis 

Week  6: Advanced  Top i cs and  Fu t u r e Tr ends 

 Chal lenges and l imitat ions of tokenizat ion, stemming, and lemmat izat ion 
 Integrat ing text  preprocessing into machine learning pipel ines 
 Emerging t rends in text  preprocessing techniques 
 Final  project : Designing and implement ing a comprehensive text  preprocessing 

pipel ine 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of tokenizat ion, stemming, and 
lemmat izat ion concepts 

 Hands-on exercises involving tokenizat ion, stemming, and lemmat izat ion using 
Python/NLTK and other  l ibrar ies 

 Text  preprocessing projects involving real-wor ld datasets and appl icat ions 
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 Final  project  assessment : Text  preprocessing pipel ine design, implementat ion, 
evaluat ion, and presentat ion 

Recommended Resour ces: 

 "Natural  Language Processing with Python" by Steven Bird, Ewan Klein, and 
Edward Loper 

 "Text  Analyt ics with Python" by Dipanjan Sarkar  
 Online tutor ials and resources for  tokenizat ion, stemming, and lemmat izat ion 

l ibrar ies and frameworks (NLTK, spaCy) 
 Research papers and ar t icles on text  preprocessing techniques and appl icat ions 

SENTI M ENT ANAL YSI S, TEXT CL ASSI FI CATI ON, AND NAM ED ENTI TY 
RECOGNI TI ON  

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course provides a comprehensive understanding of 
sent iment  analysis, text  classi fication, and named ent i t y recognit ion (NER) 
techniques, essent ial  for  ext ract ing meaningful  insights from text  data. Students 
wi l l  learn how to analyze sent iment , classi fy text  into predefined categor ies, and 
ident i fy ent i t ies in text . The course covers theoret ical  foundat ions and pract ical 
implementat ions of these techniques. 

Week  1-2: I n t r oduct i on  t o Sen t iment  Anal ysi s, Text  Classi f i cat i on , and 
NER 

 Importance of sent iment  analysis, text  classi ficat ion, and NER in text  data 
processing 

 Overview of sent iment  analysis tasks: polar it y detect ion, emot ion analysis 
 Types of text  classi ficat ion: binary, mult i-class, mult i -label 
 Role of NER in informat ion ext ract ion and knowledge graph const ruct ion 

Week  3-4: Sen t im ent  Anal ysi s Techn i ques 

 Int roduct ion to sent iment  analysis: document-level  and sentence-level 
 Lexicon-based approaches and sent iment  dict ionar ies 
 Machine learning approaches: Naive Bayes, Support  Vector  Machines, LSTM 
 Pract ical  exercise: Implement ing sent iment  analysis using Python 

Week  5-6: T ext  Classi f i cat i on  M et hods 

 Binary and mult i -class text  classi fication 
 Feature ext ract ion techniques: TF-IDF, word embeddings 
 Machine learning algor i thms: Logist ic Regression, Random Forest , Neural 

Networks 
 Evaluat ion met r ics for  text  classi ficat ion 
 Case study: Implement ing a mult i -class text  classi fier 
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Week  7-8: Nam ed Ent i t y Recogn i t i on  

 Int roduct ion to named ent it y recognit ion and i t s appl icat ions 
 Rule-based and machine learning-based NER approaches 
 NER l ibrar ies: spaCy, NLTK, Stanford NER 
 Pract ical  exercise: Implement ing NER for  ent i t y ext ract ion 

Week  9-10: Advanced  Top i cs and  Real -w or l d  App l i cat i ons 

 Chal lenges and l imitat ions in sent iment  analysis, text  classi ficat ion, and NER 
 Cross-domain sent iment  analysis and t ransfer  learning 
 Appl icat ions of sent iment  analysis, text  classi fication, and NER: social  media, 

customer reviews, news ar t icles 
 Final  project : Designing and implement ing an end-to-end text  analysis pipel ine 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of sent iment  analysis, text 
classi ficat ion, and NER concepts 

 Hands-on exercises involving sent iment  analysis, text  classi ficat ion, and NER 
implementat ion using Python and relevant  l ibraries 

 Text  analysis projects involving real-wor ld datasets and appl icat ions 
 Final  project  assessment : Text  analysis pipel ine design, implementat ion, 

evaluat ion, and presentat ion 

Recommended Resour ces: 

 "Natural  Language Processing with Python" by Steven Bird, Ewan Klein, and 
Edward Loper 

 "Text  Analyt ics with Python" by Dipanjan Sarkar  
 Online tutor ials and resources for  sent iment  analysis, text  classi fication, and NER 

l ibrar ies and frameworks (spaCy, NLTK) 
 Research papers and ar t icles on sent iment  analysis, text  classi ficat ion, and NER 

techniques and appl icat ions 

BUI L DI NG NL P APPL I CATI ONS AND CH ATBOTS 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on teaching students how to design, 
develop, and deploy natural  language processing (NLP) appl icat ions, wi th a special 
emphasis on bui lding chatbots. Students wi l l  learn the fundamentals of bui lding 
NLP-based appl icat ions, explore var ious chatbot  archi tectures, and gain hands-on 
exper ience in creating funct ional  and interact ive chatbot  systems. 

Week  1-2: I n t r oduct i on  t o NL P App l i cat i ons and  Chat bot s 

 Overview of NLP appl icat ions in real-wor ld scenar ios 
 Importance and chal lenges of bui lding chatbots 
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 Ethical  considerat ions in chatbot  design and deployment  
 Basics of conversat ional  agents and dialogue systems 

 

Week  3-4: NL P App l i cat i on  D evelopment  
 Defining the scope of NLP appl icat ions 
 Text  preprocessing and feature engineer ing for  NLP 
 Bui lding and t raining NLP models: sent iment  analysis, text  classi ficat ion 
 Pract ical  exercise: Developing a sent iment  analysis appl icat ion 

 

Week  5-6: Chat bot  Design  and  Ar ch i t ect u r e 
 Different  t ypes of chatbots: rule-based, ret r ieval-based, generat ive 
 Archi tecture of a chatbot  system: input  processing, dialogue management , response 

generat ion 
 Intent  recognit ion and ent it y ext ract ion for  chatbots 
 Case study: Analyzing exist ing chatbot  archi tectures 

 

Week  7-8: Bu i l d i ng Chat bot  Pr ot ot ypes 
 

 Select ing a sui table chatbot  framework: Dialogflow, Rasa, Microsoft  Bot  Framework 
 Creat ing chatbot  prototypes using a chosen framework 
 Test ing and fine-tuning chatbot  prototypes 
 Pract ical  exercise: Bui lding a simple ret r ieval-based chatbot 

 

Week  9-10: Advanced  Top i cs and  Fu t u r e Tr ends 
 

 Implement ing advanced chatbot  features: context  handl ing, mult i-turn 
conversat ions 

 Integrat ing chatbots with backend systems and databases 
 Natural  language understanding and dialogue management  
 Final  project : Designing, developing, and deploying a funct ional  chatbot  appl icat ion 

 

Assessment  M et hods: 
 

 Quizzes and assignments to assess understanding of NLP appl icat ion development 
and chatbot  concepts 

 Hands-on exercises involving NLP model bui lding, chatbot  prototyping, and 
integrat ion 

 Chatbot  projects involving real-wor ld scenar ios and appl icat ions 
 Final  project  assessment : Chatbot  appl icat ion design, development , evaluat ion, and 

presentat ion 
 
Recommended Resour ces: 
 

 "Designing Voice User Inter faces: Pr inciples of Conversat ional  Exper iences" by 
Cathy Pear l 

 "Natural  Language Processing with Python" by Steven Bird, Ewan Klein, and 
Edward Loper 

 Online tutor ials and resources for  chatbot  development  frameworks (Dialogflow, 
Rasa, M icrosoft  Bot  Framework) 

 Research papers and ar t icles on NLP appl icat ion development  and chatbot  design 
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PAPER 9: 

TI ME SERI ES ANAL YSI S 

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course focuses on providing students with a 
comprehensive understanding of t ime ser ies analysis techniques and their 
appl icat ions. Students wi l l  learn how to model, analyze, and forecast  t ime-
dependent  data. The course covers both theoret ical  foundat ions and pract ical  
implementat ions of t ime ser ies analysis methods. 

Week  1-2: I n t r oduct i on  t o T ime Ser i es Anal ysi s 

 Importance of t ime ser ies analysis in var ious fields 
 Overview of t ime-dependent  data and i t s character ist ics 
 Ethical  considerat ions in t ime ser ies analysis 
 Basics of t ime ser ies components: t rend, seasonal i t y, noise 

Week  3-4: T ime Ser i es Vi sual i zat i on  and  Pr epr ocessing 

 Plot ting and visual izing t ime ser ies data 
 Deal ing with missing values and out l iers 
 Det rending and deseasonal izing t ime ser ies 
 Pract ical  exercise: Visual izing and preprocessing t ime ser ies data using Python 

Week  5-6: T ime Ser i es Decomposi t i on  and  Smoot h i ng  

 Decomposit ion methods: addit ive and mult ipl icat ive 
 Moving average and exponent ial  smoothing techniques 
 Holt -Winters exponent ial  smoothing for  seasonal data 
 Pract ical  exercise: Decomposing and smoothing t ime ser ies components 

Week  7-8: T ime Ser i es For ecast i ng M et hods 

 Autoregressive (AR) models: AR(p) and ARIMA(p,d,q) 
 Moving average (MA) models: MA(q) and ARIMA(p,d,q) 
 Autoregressive Integrated Moving Average (ARIMA) model ing 
 Case study: Forecast ing future values of a t ime ser ies using ARIMA 

Week  9-10: Advanced  Top i cs and  Real -w or l d  App l i cat i ons 

 Seasonal ARIMA (SARIMA) models 
 Int roduct ion to state space models and exponent ial  smoothing state space model 

(ETS) 
 Time ser ies analysis in finance, economics, and social  sciences 
 Final  project : Model ing, analyzing, and forecast ing a real-wor ld t ime ser ies dataset 
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Assessment  M et hods: 

 Quizzes and assignments to assess understanding of t ime ser ies analysis concepts 
 Hands-on exercises involving t ime ser ies visual izat ion, preprocessing, and model 

implementat ion using Python 
 Time ser ies analysis projects involving real-wor ld datasets and appl icat ions 
 Final  project  assessment : Time ser ies analysis and forecast ing project  design, 

implementat ion, evaluat ion, and presentat ion 

Recommended Resour ces: 

 "Time Ser ies Analysis and I t s Appl icat ions: With R Examples" by Robert  H. 
Shumway and David S. Stoffer  

 "Forecast ing: Pr inciples and Pract ice" by Rob J Hyndman and George 
Athanasopoulos 

 Online tutor ials and resources for  t ime ser ies analysis librar ies and frameworks 
(statsmodels, pandas, matplot l ib) 

 Research papers and ar t icles on t ime ser ies analysis techniques and appl icat ions 

TI M E SERI ES DATA AND I TS CH ARACTERI STI CS 

Cour se Dur at i on : 6 w eek s 

Cour se Descr i p t i on : This course provides a comprehensive int roduct ion to t ime 
ser ies data and i t s unique character ist ics. Students wi l l  learn how to ident i fy, 
analyze, and interpret  t ime-dependent  data pat terns, set t ing the foundat ion for 
more advanced t ime ser ies analysis techniques. The course covers both theoretical 
concepts and pract ical  appl icat ions of t ime ser ies data. 

Week  1: I n t r oduct i on  t o T im e Ser i es Dat a 

 Importance of t ime ser ies data in var ious fields 
 Defini t ion and examples of t ime ser ies data 
 Key di fferences between t ime ser ies and cross-sectional  data 
 Ethical  considerat ions in t ime ser ies analysis 

Week  2: T ime Ser i es Component s 

 Understanding the components of t ime ser ies data: t rend, seasonal i t y, noise 
 Visual izing and interpret ing t ime ser ies components 
 Ident i fying and quant i fyi ng t rends and seasonal i t y 
 Pract ical  exercise: Analyzing t ime ser ies components using Python 

Week  3: T ime Ser i es Vi sual i zat i on  

 Plot ting and visual izing t ime ser ies data 
 Time ser ies plots: l ine char ts, scatter  plots, box plots 
 Ident i fying out l iers and anomal ies in t ime ser ies data 
 Pract ical  exercise: Creat ing t ime ser ies visual izat ions using Python l ibrar ies 
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Week  4: T ime Ser i es Decomposi t i on  and  St at i onar i t y  

 Decomposit ion methods: addit ive and mult ipl icat ive 
 Importance of stationar i t y in t ime ser ies analysis 
 Test ing for  stat ionar i t y: Augmented Dickey-Ful ler  (ADF) test 
 Transforming non-stat ionary data to achieve stat ionar it y 

Week  5: Au t ocor r el at i on  and  L ag Anal ysi s 

 Understanding autocorrelat ion and i t s signi ficance 
 Autocorrelat ion funct ion (ACF) and par t ial  autocorrelat ion funct ion (PACF) 
 Lag analysis and i t s appl icat ions in t ime ser ies analysis 
 Pract ical  exercise: Calculat ing and interpret ing autocorrelat ion using Python 

Week  6: Advanced  Top i cs and  Fu t u r e Tr ends 

 Handl ing i r regular ly spaced t ime ser ies data 
 Time ser ies data in machine learning and predict ive model ing 
 Emerging t rends in t ime ser ies analysis and appl icat ions 
 Final  project : Analyzing and interpret ing a real-wor ld t ime ser ies dataset 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of t ime ser ies data 
character ist ics and concepts 

 Hands-on exercises involving t ime ser ies visual izat ion, decomposit ion, and 
autocorrelat ion analysis using Python 

 Time ser ies analysis projects involving real-wor ld datasets and appl icat ions 
 Final  project  assessment : Time series data analysis and interpretat ion, project 

presentat ion 

Recommended Resour ces: 

 "Time Ser ies Analysis and I t s Appl icat ions: With R Examples" by Robert  H. 
Shumway and David S. Stoffer  

 "Int roduct ion to Time Ser ies and Forecast ing" by Peter  J. Brockwel l  and Richard A. 
Davis 

 Online tutor ials and resources for  t ime ser ies data analysis l ibrar ies and 
frameworks (pandas, matplot l ib, statsmodels) 

 Research papers and ar t icles on t ime ser ies data character ist ics and analysis 
techniques 

FORECASTI NG TECH NI QUES: ARI M A AND EXPONENTI AL  SM OOTH ING 

Cour se Dur at i on : 8 w eek s 

Cour se Descr i p t i on : This course focuses on teaching students the fundamentals of 
t ime ser ies forecast ing techniques, with a speci fic emphasis on Autoregressive 
Integrated Moving Average (ARIMA) and Exponent ial  Smoothing methods. 
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Students wi l l  learn how to model, analyze, and forecast  t ime ser ies data using these 
techniques. The course covers both theoret ical  concepts and pract ical  
implementat ions of forecast ing models. 

Week  1-2: I n t r oduct i on  t o T ime Ser i es For ecast i ng  

 Importance of t ime ser ies forecast ing in decision making 
 Overview of forecast ing techniques: ARIMA, Exponent ial  Smoothing 
 Ethical  considerat ions in forecast ing and decision support  
 Basics of t ime ser ies components and t rends 

Week  3-4: ARI M A M odel i ng  

 Understanding the ARIMA model ing process 
 Autoregressive (AR) and Moving Average (MA) components 
 Differencing for  achieving stat ionar i t y (Integrated component ) 
 Ident i ficat ion, est imat ion, and diagnost ic checking of ARIMA models 
 Pract ical  exercise: Bui lding an ARIMA model using Python 

Week  5-6: Exponent i al  Smoot h i ng M et hods 

 Int roduct ion to Exponent ial  Smoothing methods 
 Simple Exponent ial  Smoothing (SES), Double Exponent ial  Smoothing (Holt 's), and 

Tr iple Exponent ial  Smoothing (Holt -Winters) 
 Parameter  est imat ion and model select ion 
 Case study: Applying Exponent ial  Smoothing methods to real-wor ld data 

Week  7-8: F or ecast  Evaluat i on  and  Advanced  Top i cs 

 Evaluat ing forecast  accuracy: Mean Absolute Error  (MAE), Mean Squared Error 
(MSE), Root  Mean Squared Error  (RMSE) 

 Handl ing seasonal i t y and t rend in Exponent ial  Smoothing 
 Forecast ing with mult iple seasonal it y 
 Final  project : Bui lding and evaluat ing forecast ing models for  a real-wor ld dataset 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of t ime ser ies forecast ing 
concepts and techniques 

 Hands-on exercises involving ARIMA and Exponent ial  Smoothing model 
implementat ion using Python 

 Forecast ing projects involving real-wor ld datasets and appl icat ions 
 Final  project  assessment : Forecast ing model design, implementat ion, evaluat ion, 

and presentat ion 

Recommended Resour ces: 

 "Forecast ing: Pr inciples and Pract ice" by Rob J Hyndman and George 
Athanasopoulos 
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 "Time Ser ies Analysis and I t s Appl icat ions: With R Examples" by Robert  H. 
Shumway and David S. Stoffer  

 Online tutor ials and resources for  t ime ser ies forecast ing l ibrar ies and frameworks 
(statsmodels, pandas, matplot l ib) 

 Research papers and ar t icles on t ime ser ies forecast ing techniques and appl icat ions 

SEASONAL  DECOM POSI TI ON AND TREND ANAL YSI S 

Cour se Dur at i on : 6 w eek s 

Cour se Descr i p t i on : This course provides a comprehensive understanding of 
seasonal decomposit ion and t rend analysis techniques for  t ime ser ies data. Students 
wi l l  learn how to ident i fy, ext ract , and analyze seasonal pat terns and t rends in 
t ime-dependent  data, set ting the foundat ion for  more advanced t ime ser ies analysis 
and forecast ing methods. The course covers both theoret ical  concepts and pract ical 
appl icat ions of these techniques. 

Week  1: I n t r oduct i on  t o Season al  Decomposi t i on  and  Tr end  Anal ysi s 

 Importance of seasonal decomposit ion and t rend analysis in t ime ser ies data 
 Overview of seasonal patterns and t rends: addi t ive and mult ipl icat ive components 
 Ethical  considerat ions in t ime ser ies analysis and interpretat ion 
 Basics of t ime ser ies components: t rend, seasonal i t y, noise 

Week  2: I den t i f y i ng and  Vi sual i zi ng Seasonal  Pat t er ns 

 Detect ing seasonal patterns in t ime ser ies data 
 Per iodici t y and frequency of seasonal patterns 
 Visual izing seasonal pat terns: seasonal subser ies plots, box plots 
 Pract ical  exercise: Ident i fying and visual izing seasonal pat terns using Python 

Week  3: Decomposi t i on  M et hods: Add i t i ve and  M u l t i p l i cat i ve 

 Addit ive decomposit ion: separating components through subt ract ion 
 Mult ipl icat ive decomposit ion: separat ing components through division 
 Decomposit ion algor i thms: moving averages, exponent ial  smoothing 
 Pract ical  exercise: Decomposing t ime ser ies data using Python l ibrar ies 

Week  4: Tr end  Anal ysi s and  Det ect i on  

 Ident i fying and quant i fyi ng t rends in t ime ser ies data 
 Trend est imat ion methods: moving averages, l inear  regression 
 Seasonal adjusted data and deseasonal izing t ime ser ies 
 Pract ical  exercise: Analyzing and interpret ing t rends in t ime ser ies data 

Week  5: Seasonal  Ad just ment  and  Tr end  Ext r act i on  

 Seasonal adjustment  techniques: center ing moving averages, centered rat ios 
 Ext ract ing t rend from deseasonalized data 
 Importance of removing seasonal i t y for  t ime ser ies analysis 
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 Case study: Applying seasonal adjustment  to real-wor ld data 

Week  6: Advanced  Top i cs and  Real -w or l d  App l i cat i ons 

 Deal ing with i r regular  seasonal it y and t rend pat terns 
 Trend analysis in economics, finance, and social  sciences 
 Emerging t rends in t ime ser ies decomposition and t rend analysis 
 Final  project : Analyzing and interpret ing a real-wor ld t ime ser ies dataset  with 

seasonal decomposit ion and t rend analysis 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of seasonal decomposit ion and 
t rend analysis concepts 

 Hands-on exercises involving seasonal decomposit ion, t rend analysis, and 
visual izat ion using Python 

 Time ser ies analysis projects involving real-wor ld datasets and appl icat ions 
 Final  project assessment : Seasonal decomposit ion and t rend analysis, project 

presentat ion 

Recommended Resour ces: 

 "Time Ser ies Analysis and I t s Appl icat ions: With R Examples" by Robert  H. 
Shumway and David S. Stoffer  

 "Forecast ing: Pr inciples and Pract ice" by Rob J Hyndman and George 
Athanasopoulos 

 Online tutor ials and resources for  t ime ser ies decomposit ion and t rend analysis 
l ibrar ies and frameworks (pandas, statsmodels, matplot l ib) 

 Research papers and ar t icles on seasonal decomposit ion and t rend analysis 
techniques and appl icat ions 

APPL I CATI ONS OF DATA SCI ENCE I N FI NANCE, ECONOM I CS, AND 
BEYOND  

Cour se Dur at i on : 10 w eek s 

Cour se Descr i p t i on : This course explores the diverse and impact ful  appl icat ions 
of data science in var ious domains, wi th a focus on finance, economics, and related 
fields. Students wi l l  learn how data science techniques and tools can be used to 
ext ract  insights, make informed decisions, and dr ive innovat ion in di fferent  
indust r ies. The course covers theoret ical  concepts, pract ical  implementat ions, and 
case studies. 

Week  1-2: I n t r oduct i on  t o Dat a Science App l i cat i ons 

 Importance of data science in diverse indust r ies 
 Overview of data-dr iven decision making 
 Ethical  considerat ions and chal lenges in data science appl icat ions 
 Role of data science in finance, economics, heal thcare, market ing, and more 
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Week  3-4: Dat a Sci ence i n  F i n ance 

 Analyzing fi nancial  market  data using data science techniques 
 Risk assessment  and por t folio opt imizat ion 
 Fraud detect ion and ant i-money launder ing (AML) 
 Case study: Predict ive model ing for  stock pr ices 

Week  5-6: Dat a Sci ence i n  Econom ics 

 Economic forecast ing and t rend analysis 
 Ident i fying economic indicators and dr ivers 
 Analyzing consumer behavior  and market  t rends 
 Pract ical  exercise: Analyzing economic data using data science tools 

Week  7-8: Dat a Sci ence i n  H eal t hcar e 

 Predict ive modeling for  disease diagnosis and pat ient  outcomes 
 Drug discovery and personal ized medicine 
 Health informat ics and elect ronic health records (EHR) analysis 
 Case study: Analyzing health data to improve pat ient  care 

Week  9-10: Dat a Science i n  M ar k et i ng and  Beyond  

 Customer segmentat ion and target ing 
 Recommender systems and personal ized marketing 
 Text  mining and sent iment  analysis in market ing 
 Emerging t rends in data science appl icat ions 

Assessment  M et hods: 

 Quizzes and assignments to assess understanding of data science appl icat ions 
concepts 

 Hands-on exercises involving data analysis, model ing, and visual izat ion using 
relevant  tools (Python, R) 

 Case study projects involving real-wor ld datasets and appl icat ions 
 Final  project  assessment : Identi fying, designing, and implement ing a data science 

appl icat ion in a chosen domain 

Recommended Resour ces: 

 "Data Science for  Business" by Foster  Provost  and Tom Fawcet t 
 "Python for  Data Analysis" by Wes McKinney 
 Online tutor ials and resources for  data science l ibrar ies and frameworks (pandas, 

scik i t -learn, matplot l ib) 
 Research papers, ar t icles, and case studies on data science appl icat ions in var ious 

domains 
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PAPER 10: 

CAPST ONE PROJECT  I N DAT A SCI ENCE  

Cour se Dur at i on : 12 w eek s 

Cour se Descr i p t i on : The Capstone Project  in Data Science is the culminat ion of 
the program, providing students with an opportuni ty to apply their knowledge and 
ski l ls to a real-wor ld data science project. Working in teams or  individual ly, 
students wi l l  define a problem, gather  and analyze data, develop and implement  
models, and present  their  findings to stakeholders. The course emphasizes project 
management , col laborat ion, and effect ive communicat ion. 

Week  1-2: Pr oj ect  I n i t i at i on  and  Pr oblem Def i n i t i on  

 Overview of the capstone project  and i t s object ives 
 Ident i fying a real-wor ld problem or  chal lenge 
 Formulat ing a clear  problem statement  and project  scope 
 Defining project  goals, object ives, and del iverables 
 Ethical  considerat ions in select ing and defining a project  

Week  3-4: Dat a Col l ect i on  and  Pr epr ocessing  

 Ident i fying relevant  data sources and datasets 
 Data col lect ion methods: web scraping, APIs, databases 
 Cleaning and preprocessing data for  analysis 
 Exploratory data analysis (EDA) to understand data character istics 

Week  5-6: Exp lor at or y Dat a An al ysi s and  Vi sual i zat i on  

 Performing in-depth exploratory data analysis 
 Visual izing data dist r ibut ions, relationships, and t rends 
 Ident i fying pat terns, anomal ies, and insights in data 
 Pract ical  exercise: Creat ing informat ive data visual izations 

Week  7-8: M odel  Development  and  I mp lement at i on  

 Select ing appropr iate data science techniques and models 
 Feature engineer ing and select ion 
 Model t raining, val idat ion, and opt imizat ion 
 Implement ing machine learning or  stat ist ical  models 

Week  9-10: Evaluat i on  and  Fi ne-t un i ng  

 Evaluat ing model per formance using appropr iate met r ics 
 I terat ive model refinement  and hyperparameter  tuning 
 Addressing over fi t t ing and bias in the model 
 Comparat ive analysis of di fferent  models 
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Week  11-12: Pr oj ect  Docum ent at i on  and  Pr esen t at i on  

 Writ ing a comprehensive project repor t 
 Creat ing clear  and concise documentat ion of the process and methodology 
 Prepar ing and del iver ing a formal project  presentat ion 
 Ethical  considerat ions in project  documentat ion and presentat ion 

Assessment  M et hods: 

 Regular  progress repor ts and updates on project  development 
 Cont inuous supervision and guidance from mentors or  inst ructors 
 Submission of intermediate project  mi lestones and del iverables 
 Final  project  assessment : Comprehensive project  repor t , presentat ion, and 

demonst rat ion of the final  product 

Recommended Resour ces: 

 Guidance and mentorship from facul ty members, indust ry exper ts, or  advisors 
 Online resources for  project  management , data science tools, and best  pract ices 
 Access to relevant  datasets, software, and programming environments 
 Peer review and col laborat ion opportuni t ies within the class 

REAL -WORL D DATA SCI ENCE PROJ ECT: FROM  PROBL EM  
FORM UL ATI ON TO DEPL OYM ENT 

Cour se Dur at i on : 12 w eek s 

Cour se Descr i p t i on : This course provides students with a comprehensive 
understanding of the end-to-end process of execut ing a real-wor ld data science 
project , from problem formulat ion and data col lect ion to model deployment  and 
presentat ion. Students wi l l  gain hands-on exper ience in tackl ing pract ical 
chal lenges and making informed decisions throughout  the project  l i fecycle. The 
course emphasizes project management , col laborat ion, and effect ive communicat ion. 

Week  1-2: Pr oj ect  I n i t i at i on  and  Pr oblem For mu lat i on  

 Overview of the real-wor ld data science project  and i t s object ives 
 Ident i fying a relevant  and impact ful  real-wor ld problem 
 Formulat ing a clear  problem statement , object ives, and scope 
 Defining success cr i ter ia and desired outcomes 

Week  3-4: Dat a Col l ect i on  and  Pr epr ocessing  

 Ident i fying and sourcing relevant  data from var ious sources 
 Data col lect ion methods: web scraping, APIs, databases 
 Cleaning, preprocessing, and t ransforming data for  analysis 
 Ethical  considerat ions in data col lection and handl ing 
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Week  5-6: Exp lor at or y Dat a An al ysi s and  Vi sual i zat i on  

 Performing exploratory data analysis (EDA) to gain insights 
 Visual izing data dist r ibut ions, pat terns, and correlat ions 
 Ident i fying out l iers, anomal ies, and potent ial  biases 
 Pract ical  exercise: Creat ing informat ive data visual izations 

Week  7-8: F eat u r e En gineer i ng and  M odel  Devel opment  

 Feature select ion, creat ion, and t ransformat ion 
 Select ing appropr iate data science techniques and models 
 Model t raining, val idat ion, and opt imizat ion 
 Addressing over fi t t ing and bias in model development 

Week  9-10: M odel  Evaluat i on  and  Dep loym ent  

 Evaluat ing model per formance using relevant  met r ics 
 I terat ive model refinement  and hyperparameter  tuning 
 Prepar ing the model for  deployment : ser ial izat ion, packaging 
 Deploying the model using cloud services or  containers 

Week  11-12: Pr oj ect  Pr esen t at i on  and  Docum ent at i on  

 Creat ing a comprehensive project  repor t  and documentat ion 
 Prepar ing and del iver ing a formal project  presentat ion 
 Demonst rat ing the funct ioning model and i t s impact 
 Ethical  considerat ions in project  documentat ion and presentat ion 

Assessment  M et hods: 

 Regular  progress repor ts and updates on project  development 
 Cont inuous supervision and guidance from mentors or  inst ructors 
 Submission of intermediate project  mi lestones and del iverables 
 Final  project assessment : Comprehensive project  repor t , presentat ion, and deployed 

model 

Recommended Resour ces: 

 Guidance and mentorship from facul ty members, indust ry exper ts, or  advisors 
 Online resources for  project  management , data science tools, and best  pract ices 
 Access to relevant  datasets, software, and cloud services 
 Col laborat ion opportuni t ies and peer  review within the class 

I n t egr at i on  of  Sk i l l s L ear ned  Thr ough out  t he Pr ogr am  

Cour se Dur at i on : 8 w eek s 

Cour se Descr i p t i on : This capstone course aims to consol idate and apply the 
knowledge and ski l ls acquired in var ious subjects throughout  the program. 
Students wi l l  work on a comprehensive project that  requires the integrat ion of data 



 
 

70 | P a g e  
 

science techniques, tools, and concepts learned in di fferent  areas. The course focuses 
on problem-solving, cr i t ical  thinking, interdiscipl inary col laborat ion, and effect ive 
communicat ion. 

Week  1: Over v i ew  and  Pr oj ect  Select i on  

 Int roduct ion to the integrat ion project  and i t s object ives 
 Formulat ing a clear  problem statement  and project  scope 
 Ident i fying relevant  domains and data sources 
 Defining project  goals, del iverables, and t imel ine 

Week  2: Dat a Col l ect i on , Pr epr ocessing, and  Exp lor at i on  

 Gather ing data from diverse sources and domains 
 Cleaning, preprocessing, and t ransforming data for  analysis 
 Exploratory data analysis (EDA) across di fferent  datasets 
 Ethical  considerat ions in handl ing and integrat ing data 

Week  3: Feat u r e Engin eer i n g and  M odel  Dev elopment  

 Feature select ion and engineer ing for  interdiscipl inary insights 
 Select ing appropr iate data science techniques and models 
 Model t raining, val idat ion, and evaluat ion across domains 
 Addressing chal lenges in model integrat ion 

Week  4: I n t er d i sci p l i nar y I n t egr at i on  

 Combining insights from di fferent  models and domains 
 Handl ing confl icts and discrepancies in integrated findings 
 Synthesizing resul ts to create a hol ist ic understanding 
 Pract ical  exercise: Integrat ing models and insights 

Week  5: Vi sual i zat i on  and  Commun i cat i on  

 Creat ing informat ive visual izat ions for  interdiscipl inary insights 
 Effect ively communicat ing integrated findings to stakeholders 
 Storytel ling with data: present ing a coherent  narrative 
 Pract ical  exercise: Designing visual izat ions for  integrated insights 

Week  6: Col l abor at i on  and  Peer  Review  

 Col laborat ive work on integrated projects in teams 
 Peer review and feedback for  cont inuous improvement 
 I terat ive refinement  of integrated analysis and models 
 Ethical  considerat ions in col laborat ive projects 

Week  7: F i nal i zi ng and  Pr esen t i n g I n t egr at ed  Pr oj ect  

 Final izing integrated analysis, models, and insights 
 Prepar ing a comprehensive project  repor t  and documentat ion 
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 Creat ing a formal project  presentat ion for  diverse audiences 
 Receiving feedback and making final  refinements 

Week  8: Pr oj ect  Evaluat i on  and  Ref l ect i on  

 Evaluat ion of integrated projects by inst ructors and peers 
 Reflect ing on the interdiscipl inary learning exper ience 
 Ident i fying lessons learned and areas for  improvement 
 Celebrating achievements and acknowledging cont r ibut ions 

Assessment  M et hods: 

 Regular  progress repor ts and updates on integrated project  development 
 Cont inuous supervision and guidance from mentors or  inst ructors 
 Submission of intermediate project  mi lestones and del iverables 
 Final  project  assessment : Comprehensive project  repor t , presentat ion, and 

demonst rat ion of interdiscipl inary insights 

Recommended Resour ces: 

 Guidance and mentorship from facul ty members, indust ry exper ts, or  advisors 
 Online resources for  interdiscipl inary col laborat ion, project  management , and 

effect ive communicat ion 
 Access to relevant  datasets, software, and programming environments 
 Col laborat ion opportuni t ies and peer  review within the class 

COL L ABORATI ON WI TH  I NDUSTRY PARTNERS I N DATA SCI EN CE  

Cour se Dur at i on : 8 w eek s 

Cour se Descr i p t i on : This course focuses on providing students with hands-on 
exper ience in col laborat ing with indust ry par tners to solve real-wor ld data science 
chal lenges. Through par tnerships with companies or  organizat ions, students wi l l 
work on projects that  require applying data science techniques to address indust ry-
speci fic problems. The course emphasizes pract ical  ski lls, interdiscipl inary 
col laborat ion, and effect ive communicat ion with external  stakeholders. 

Week  1: I n t r oduct i on  t o I ndust r y Col l abor at i on  

 Importance of col laborat ion between academia and indust ry 
 Overview of indust ry par tnership projects in data science 
 Ident i fying potent ial  indust ry par tners and projects 
 Ethical  considerat ions in indust ry col laborat ion 

Week  2: I den t i f y i ng and  Scop ing I ndust r y Pr oj ect s 

 Defining clear  project  object ives and scope 
 Analyzing indust ry needs and chal lenges 
 Formulat ing problem statements and success cr i ter ia 
 Ident i fying data sources and requirements 
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Week  3: Pr oj ect  Pr oposal  and  Plann ing  

 Developing a comprehensive project  proposal 
 Out l ining project  goals, del iverables, and t imel ine 
 Establ ishing roles and responsibi l it ies within the team 
 Ethical  considerat ions in project  planning and execut ion 

Week  4-5: Dat a Col l ect i on , Pr epr ocessing, and  Anal ysi s 

 Gather ing indust ry-speci fic data from par tners 
 Cleaning, preprocessing, and t ransforming data for  analysis 
 Applying relevant  data science techniques to ext ract  insights 
 Col laborat ive data explorat ion and feature engineer ing 

Week  6-7: M odel  Development  and  Evaluat i on  

 Select ing appropr iate models and algor i thms for  indust ry context 
 Model t raining, val idat ion, and opt imizat ion 
 Evaluat ing model per formance against  indust ry benchmarks 
 Addressing chal lenges and i terat ing on model development 

Week  8: Col l abor at i on  and  Communi cat i on  

 Effect ive communicat ion with indust ry par tners and stakeholders 
 Col laborat ive decision-making and problem-solving 
 Prepar ing and del iver ing progress updates and presentat ions 
 Ethical  considerat ions in communicat ing resul ts and findings 

Assessment  M et hods: 

 Project  proposal and planning documentat ion 
 Submission of intermediate project  mi lestones and del iverables 
 Regular  progress repor ts and updates on indust ry col laborat ion 
 Final  project  assessment : Comprehensive project  repor t , presentat ion, and 

demonst rat ion of indust ry impact  

Recommended Resour ces: 

 Guidance and mentorship from facul ty members, indust ry exper ts, or  advisors 
 Online resources for  project  management , col laborat ion, and effect ive 

communicat ion 
 Access to relevant  datasets, software, and programming environments 
 Networking opportuni t ies and engagement  with indust ry par tners 

PRESENTATI ON AND DOCUM ENTATI ON OF DATA SCI ENCE PROJ ECTS 

Cour se Dur at i on : 6 w eek s 

Cour se Descr i p t i on : This course focuses on teaching students how to effect ively 
communicate and present  their  data science projects to diverse audiences. Students 
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wil l  learn the ar t  of storytel l ing, creat ing informat ive visual izat ions, and prepar ing 
comprehensive project  documentat ion. The course emphasizes communicat ion 
ski l ls, data visual izat ion, and project  documentat ion for  successful  project  outcomes. 

Week  1-2: I n t r oduct i on  t o Pr esen t at i on  and  Document at i on  

 Importance of clear  and effect ive project presentat ion 
 Overview of project  documentat ion and i t s signi ficance 
 Ident i fying target  audiences and tai lor ing communicat ion 
 Ethical  considerat ions in present ing and document ing projects 

Week  3-4: St or yt el l i ng and  St r uct u r i ng Pr esen t at i ons 

 Craft ing a compel l ing narrat ive for  project  presentations 
 St ructur ing presentat ions: int roduct ion, problem statement , methodology, resul ts, 

conclusions 
 Tips for  engaging and persuasive storytel l ing 
 Pract ical  exercise: Creat ing a st ructured presentat ion out l ine 

Week  5-6: Vi sual i zat i ons and  Design  Pr i nci p l es 

 Importance of data visual izat ion in project  communicat ion 
 Design pr inciples for  creat ing informat ive visual izat ions 
 Choosing appropr iate char t  t ypes and techniques 
 Pract ical  exercise: Designing effect ive data visual izat ions 

Week  7-8: Cr eat i n g Compr ehensi v e Document at i on  

 Elements of comprehensive project  documentat ion 
 Document ing project  object ives, methods, and outcomes 
 Creat ing clear  and concise technical  documentat ion 
 Ethical  considerat ions in document ing methodologies and resul ts 

Week  9-10: Pr oj ect  Pr esen t at i on  and  Publ i c Speak in g  

 Prepar ing and del iver ing a formal project  presentat ion 
 Effect ive publ ic speaking techniques and pract ices 
 Handl ing quest ions and engaging with the audience 
 Pract ical  exercise: Deliver ing project  presentat ions 

Week  11-12: F i n al i zi ng Docum ent at i on  and  Peer  Rev iew  

 Refining project  documentat ion based on feedback 
 Peer review and col laborat ive edi t ing of documentat ion 
 Creat ing a pol ished and professional project  repor t 
 Ethical  considerat ions in att r ibut ing sources and cont r ibut ions 

Assessment  M et hods: 

 Regular  pract ice sessions and exercises in presentation ski l ls 
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 Submission of draft  project  documentat ion for  peer  review 
 Final  project  assessment : Comprehensive project  repor t , presentat ion, and 

demonst rat ion of effect ive communicat ion 

Recommended Resour ces: 

 "Storytel l ing with Data: A Data Visual izat ion Guide for  Business Professionals" by 
Cole Nussbaumer Knafl ic 

 Online resources and tutor ials for  creat ing effect ive presentat ions and 
visual izat ions 

 Access to software tools for  creat ing visual izat ions and document  format t ing 

 

*  *  *  *  *  *  *  *  *  *  *  *  *  * *  * * 

 
 
 
 

 


