
Our future in big data science 

Damjan Vukcevic 
http://damjan.vukcevic.net/ 

13 October 2015 
SSA Canberra, Young Statisticians’ Workshop 



What is ‘big data’? 

You know it when you see it? 

 

Tell-tale signs: 

• Need >1 computer 

• Need >1 piece of software 

• Need >1 analyst 

  



What is ‘data science’? 



Why does this matter? 

‘The absence of statisticians in Big Data activities is striking’ 
 – Terry Speed (bioinformatician and winner of the 
                            Prime Minister's Prize for Science) 

 

‘Let us own data science’ 
 – Bin Yu (IMS Presidential Address 2014) 

 

‘Statistics is foundational to data science’ 

  – ASA policy statement (The Role of Statistics in Data Science) 



Overview 
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2. Factors for success 

 

3. Our future 

 



1.  My previous projects 



About me 

• Immune system genetics 
• Genetic association studies 
• Meta-analysis of genetic effects 

 

• Lung function in infants 
• Measuring UV exposure 

from skin samples 

Data Science 

Statistical Genetics CEBU (Biostatistics) 

Data Science 
Melbourne 

Victorian Branch 

Day job After hours 



My journey 

2001 2005 2008 2010 2012 

Mathematics 
Statistics 
Bioinformatics 

Statistical genetics Web analytics Statistical genetics 
Biostatistics 

1 2 







Study design (WTCCC, 2007) 

500,000 genetic markers 

3,000 controls 
1958 Birth Cohort 

UK Blood Service 

2,000 cases Bipolar disorder 

2,000 cases Coronary artery disease 

2,000 cases Crohn’s disease 

2,000 cases Hypertension 

2,000 cases Rheumatoid arthritis 

2,000 cases Type 1 diabetes 

2,000 cases Type 2 diabetes 



Results 



Findings 

• Doubled the number of known genetic associations (12 → 24) 

 

• Found common genetic effects common to more than one disease 

 

• Evidence of different genetic architectures: 
autoimmune disease vs other diseases 



Team 

• 20 statisticians/analysts, across 4 institutions 

• Full-time scientific programmer 

• Diversity, parallelisation, and sometimes duplication of work 

• Regular meetings 

• Frequent collaboration and communication 



Computation 

• Every statistician was also a programmer 

• Computing cluster 

• Multiple programming languages environments (C++, R, bash,…) 

• Developed a suite of software in tandem with analysis 



Inferring genotypes 
‘Genotype calling’ 

Designed new method (CHIAMO) 

Hierarchical Bayesian clustering with 
informative priors 

Used data from all individuals 

Allowed for variation between cohorts 

 

Showed Affymetrix data is actually 
reasonably good 



Population structure 
Principal components analysis (PCA) 

Uses data across the whole genome 

Reference panel with known ancestry 



Quality control (QC) & filtering 

• Big data  ⇒  ‘rare’ errors become numerous  

• Artefacts and random noise unavoidable 

• Systematic QC is mandatory 
• Samples 

• Genetic markers 

• Putative associations 

• Automated & manual procedures 



‘Cluster plot’ inspection 



Quality control ‘epic fail’ 

• The letter to Nature… 





Web analytics at Experian Hitwise 

• Hitwise – a Melbourne internet start-up from 1997 

• Acquired by Experian in 2007 

• I worked there 2010–12  

 

• Large team of programmers, web developers, database 
administrators, data managers, data analysts, project managers, sales 
teams,… 

• No statistical expertise 

 



Web analytics 



Questions I tackled 

Population projections (‘total visits’) 

 

Multilevel models to reduce variance for rare event estimates 

 

Estimates of proportion of unobserved search terms 

 

Detection of marketing campaigns from web traffic 

 



Major challenges 

Lack of statistical strategic planning 

 

No statistical team 
(no mentors, no peers, lack of manpower) 

 

Poor sample design (opportunistic sampling) 



2. Factors for success 
Informed by these studies and my general experience 



Factors in 3 parts 

• Projects 

• Methods 

• People 

 



Projects 

The basics 

• Ask the right questions 

• Collect relevant data 

• Collect quality data 

 

Good experimental design 

• Replicates & controls 

• Representative samples 

• Use reference datasets 

Pragmatic analysis 

• Sanity checks and visualisation 

• Systematic quality control 

• Try multiple methods 

 

Capture the ‘Big’ value 

• Use all of the data 

• Combine datasets 

• Use reference datasets 

 



Methods 

Keep it real, make it easy 

• Solve a ‘real’ problem 
(i.e. one that people want solved) 

• Provide a software 
implementation 

• Write documentation 

• Show examples 

 

Without an implementation, your 
method won’t be used by 
practitioners, will be excluded in 
comparisons, and possibly ignored 
in reviews 

Make it robust 

• Follow standards 

• Implementation should work most 
of the time 

• Cope with unexpected/unusual 
data 

• Fail gracefully as a last resort 

 

Robustness beats optimality 



People 

Statistical knowledge 

• Statistical insight, ‘data savvy’ 

• Knowledge of variety of methods 

 

Data analysis skills 

• Data management & manipulation 

• Visualisation & exploratory 
analysis 

• Can run a variety of methods 

Computational skills 

• Programming 

• Unix & cluster computing 

• Software engineering tools & 
principles (version control, code 
reusability,…) 

 

Collaboration & communication 
skills 

• Can work in teams 

• Can talk to non-experts 



3. Our future 



Our future in (big) data science 

Engage with data analysts from other disciplines 

 

Embrace projects beyond our traditional domains 

 

Educate the next generation, reform statistical curricula 



Your future in (big) data science 

Learn software engineering skills 

• Learn to program (R) 

• Version control (Git) 

• Modularisation (R packages) 

• Learn another language (Python) 

 

Get experience with real data 

• Hackathons 
(HealthHack, GovHack) 

• Kaggle 

• Open Knowledge Australia 

Seek out good mentors 

• Supervisor / line manager 

• Group head / senior manager 

• Informal/formal mentors 

• Knowledgeable peers 

 

Cultivate a wide network 

• Attend Meetup events 
(Canberra R Users Group, 
 Canberra Data Science) 

• Enter competitions 

• Organise events 
(e.g. through SSA Canberra) 

 



Your future in (big) data science 

Software engineering 

 

Real data 

 

Mentors 

 

Network 



Contact me 

Web http://damjan.vukcevic.net/ 

 

Email damjan@vukcevic.net 

 

Twitter @VukcevicD 


