
20-H04 Course description 

Name of the course 
Engineering Statistics (25 ECTS)  
- teachers: Rajić, R.; Vrbaški, A.; Kuhinek, D.; Malvić, T.; Posavec, K.; Vulin, D. 

Goals of the course 

Statistics – theoretical part 
Analyze concepts from the application of probability in construction of models for 
statistical analysis 
Introduce statistical tests for data analysis 
Introduce regression models for examination of the dependence of the characteristics 
of the observed phenomenon  
Present the application of the programming language R in solving statistical problems 
 
Statistics in Geology 
Present importance of selection and editing of input data; know statistical distribution 
and their application on geological data; often applied statistical tests and correlation, 
regression and similar tools for description of relations among geological variables. 
Connect the application of surface integration in volume calculations of the 
subsurface structures. 
 
Statistics in Mining (engineering measurements) 
Present the use of statistical methods for measurement result analysis, measurement 
system components calibration results, design of experiments and determination of 
measurement quality 
Demonstrate result measurement uncertainty calculation. 
Present the use of expert software for automating measurement data analysis. 
 
Statistics in Petroleum Engineering 
Categorize variables for production forecasts and optimization 
Establish connection between multiple variables by multivariate analysis for case 
when observed parameters did not provide good correlation with univariate analysis 
Separate different data sets by discriminant analysis. 
Determine the perspective methods for drilling stimulation and hydrocarbon 
production enhancement by stochastic methods, and by defining the quality of the 
prediction 
Quantify, by correlations i.e. linear regression and by outlier definition, the 
representativeness of petrophysical and/or well-log and/or geomechanical and/or 
production data 
 
Statistics in Geological Engineering 
Analyse measurements, errors and uncertainties in data 
Present distributions, confidence and prediction intervals 
Present methods for time series analysis 
Analyse tools for data analysis in Excel-u® 
Present specifically designed software for time series analysis 

Expected learning 
outcomes (levels 8.2) 

After completing the learning process, from the chosen topic the doctoral candidate 
will be able to: 
 
LO group 1: Statistics – theoretical part (5 ECTS) – lecturers R. Rajić and A. Vrbaški 
Apply an appropriate statistical test for data analysis (without a computer and by 
using a computer) (2 ECTS) 
Apply linear and nonlinear regression model or multiple linear regression model when 
examining the dependence of two or more characteristics of the observed 
phenomenon (without a computer and by using a computer) (2 ECTS)  
Interpret the results of statistical methods correctly (1 ECTS)  
 
LO 2: Statistics in Geology (5 ECTS) – lecturer T. Malvić 
Select geological and, in general, subsurface data that could be analyzed with 
statistical tools (above) (1 ECTS). 



Analyzed measurements errors, determinism and stochastics in subsurface models, 
correct application of normal, binomial, Poisson, log-normal and uniform distributions 
(0,5 ECTS). 
Review the correct application of one- and two-tails tests in geology, especially 
parametric t and F and ANOVA (0,5 ECTS).  
Recognize the importance of linear correlation and its limitations as well as of rank 
correlations (1 ECTS).  
Distinguish prizmoidal, trapezoidal and Simpson formulas in geological structures 
approximation (1 ECTS). 
Interpretation of results obtained by given tools and methods, using own researching 
data, and publish scientific paper after exam (1 ECTS). 
 
 
LO group 3: Statistics in Mining (engineering measurements) (5 ECTS) – lecturer D. 
Kuhinek 

1. Design a measurement system (selection of components based on the 
component properties (1 ECTS), 

2. Design measurement system verification (0,5 ECTS), 
3. Make measurement uncertainty budget of measurement/calibration (1 

ECTS), 
4. Select and use measurement/calibration results data analysis method (1 

ECTS) 
5. Design a Labview VI for automation of measurement system (1 ECTS) 
6. Design automated data analysis using NI Diadem (0,5 ECTS) 

 
LO group 4: Statistics in Petroleum Engineering (5 ECTS) – lecturer D. Vulin 
- Separate different production intervals by discriminant analysis (1 ECTS) 
- Define the quality of the prediction and analyze stochastically processes in 

development of hydrocarbon and geothermal energy recovery methods based on 
fluid and rock parameters in the reservoir and recorded production data (1 ECTS) 

- Determine candidate wells for hydraulic fracturing, based on the basic fluid and 
rock properties by determining significant variables and by using the fuzzy-logic 
method (1 ECTS) 

- Determine the probability of the reserves based on the volumetric equation in the 
function of porosity (so-called P10, P50, P90, i.e. tenth, fifty and ninety percentile) 
(1 ECTS) 

- Define, i.e. statistically predict the composition of hydrocarbons based on 
measured composition (the generally accepted method is based on the assumption 
of gamma distribution) (1 ECTS). 

 
LO group 5: Statistics in Geological Engineering (5 ECTS) – lecturer K. Posavec 
- Determine measurement methods and analyze errors and uncertainties in data (1 

ECTS) 
- Define data distributions with accompanying confidence and prediction intervals 

(1 ECTS) 
- Suggest methods for time series analysis (1 ECTS) 
- Perform statistical analysis using tools for data analysis in Excel® (1 ECTS) 
- Perform statistical analysis using specifically designed software for time series 

analysis (1 ECTS) 

Course content 

Statistics – theoretical part 
1. Statistical tests: a test for comparison of the variances of two samples (F-test); a 
test for comparison of a sample expectation and a population expectation when the 
sample variance is known (z-test); a test for comparison of a sample expectation and a 
population expectation when the sample variance is unknown (t-test); a test for 
comparison of expectations of two samples (t-test) – unrelated large samples, 
unrelated small samples, related samples; a test for comparison of a sample 



proportion and a population proportion; a test for comparison of the proportions of 
two samples; a test of belonging to a distribution (χ2-test) 
2. Regression and correlation analysis: linear regression (regression line, least squares 
method, confidence intervals for regression line coefficients, testing of the hypothesis 
about coefficients of regression line); correlation coefficient; nonlinear regression 
(square, cubic, exponential, power function, rational function); multiple linear 
regression (regression equation, determination coefficient, corrected determination 
coefficient)  
 
Statistics in Geology:  
1. Importance of selection and editing of input data (measurement errors, description 
of geological model using determinism and stochastics); 2. Statistical distribution and 
their application on geological data (normal/Gauss, binomial, Poisson, log-normal, 
uniform distribution, measures of central tendency); 3. Often applied statistical tests in 
geology (t-test, F-test, ANOVA); 4. Correlation, regression and other statistical tools for 
present relations among geological variables (relations among correlation, standard 
deviation, co-variance, regression, examples of non-linear connections, ranking 
correlation coefficients); 5. Surface integration and application in volume calculation of 
“closed” geological structures (prizmoidal, trapezoidal and Simpson equations and 
applications); 6. References 
 
Statistics in Mining  
Measurement errors of direct and indirect measurements. Determination of minimal 
number of measurements to achieve wanted reliability of results. Statistical tools for 
measurement results analysis. Use of MS Excel for statistical analysis (normal and t 
distribution, descriptive statistics, histogram, regression without and with weighted 
factors, regression with more independent variables, t-test and F-test for comparison 
of measurement result repeatability, multicomponent transducer compensation 
matrix). Assessment of possibility and justification of measurement. Measurement of 
deformation, displacement, force, pressure, temperature, electrical measurements 
(voltage, current, resistance, power, energy), acoustical measurements (sound and 
noise), vibration measurements (displacement, velocity, acceleration). Measurement 
transducers and their properties (determination from calibration results. Static and 
dynamic properties and determination using static procedures. Labview software. 
Automatization of measurement systems. Remote measurement. Analog and digital 
measurement. Measurement chain. Measurement filters. Coding of digitized 
measurement data. Properties of devices for acquisition, archiving and analysis of 
digitized measurement data. Principles of measurement uncertainty calculation with 
examples. Data analysis using NI Diadem software and data analysis automation. 
 
Statistics in Petroleum Engineering 
The engineer who enrolled the PhD study in the field of Petroleum Engineering will be 
introduced to the chapters of the statistics that have the following titles: 
1. Outlier analysis (and determination of residuals), exclusion of non-quality data, 
substitution of non-existent data. 
2. Univariate analysis and multivariate analysis - variable pair correlations, 
determination of significant variables. 
3. Probability estimation and analysis 
4. Linear discriminant analysis 
5. Determination of optimal value of independent variables by nonlinear regression 
6. Classification of the prediction quality in Reservoir Engineering - Student Residual 
7. Basic types of distribution, distribution in petroleum engineering (most common 
are: normal, lognormal and similar, e.g. gamma). 
8. Frequency distribution, graphical representation of probability distribution. Tornado 
diagram, spider diagram. 
9. Measures of central tendencies, data dispersion measures, asymmetry (skewness), 
shrinkage (kurtosis). Determination of sample population parameters. 



10. Analysis using Monte Carlo and Latin Hypercube "sampling" method. 
In this way, PhD student will prove that he/she mastered the above-mentioned 
chapters by the preparation of seminar work or by publishing scientific work related to 
the following specific problems (the student may also suggest a problem closely 
related to his field of research): 
1. Regression of petrophysical data - formation factor as a function of porosity 
(outliers, correlations, linear regression) 
2. Separation of different production intervals (discriminant analysis) 
3. Determining the perspective method for Enhanced Oil Recovery based on the basic 
fluid and rock parameters in the reservoir and the historical performance data of a 
particular method (stochastic analysis, definition of predictive quality) 
4. Determination of wells for hydraulic fracturing based on basic fluid and rock 
parameters in the reservoir (determination of significant variables, fuzzy logic) 
5. Determine the type of porosity distribution from laboratory data and well-log 
measurements, generate a greater number of data stochastically and determine the 
likelihood of reserves based on a simple volumetric equation as porosity function (so-
called P10, P50, P90, i.e. tenth, fifty and ninety percentile) 
6. Prediction of hydrocarbon composition based on measured component fractions. 
The generally accepted method is based on the assumption of gamma distribution and 
determination of its parameters (Whitson, C.H., Soreide, I. and Anderson, T.F., 1989. 
C7 + characterization of related equilibrium fluids using the gamma distribution). 
Determine the distribution that fits best to the measured composition and, according 
to distribution parameters, generate a series of random samples for further analysis of 
thermodynamic fluid behavior. 
7. According to production data in a certain production period, determine the 
production decline curve for future production (decline curve analysis). Exclude the 
data that, because of a number of factors (bad data acquisition, changes in production 
regime, production stimulation by hydraulic fracturing, etc.), are the noise in typical 
output curve trend (outliers, weighted residuals, linear regression, etc.) 
8. Determination of pore size distribution based on capillary pressure measurement, 
dominant pore geometry estimation and relationship of wettability and specific rock 
composition (multivariate analysis, frequency distribution, distribution and probability 
diagrams). 
 
Statistics in Geological Engineering 
(1) Measurements, errors and uncertainties (measurement methods, random and 
systematic errors, uncertainty calculation, precision and accuracy in data); (2)  
Data distributions (symmetric and asymmetric, 68% and 95% confidence intervals, 
Excel®'s NORMINV() function, Excel®'s NORMSINV() function; (3) Time series analysis: 
correlation, regression, cross-correlation, trend analysis (linear and nonlinear 
regression including linear and nonlinear 68% and 95% confidence and prediction 
intervals, Mann-Kendal test, statistically significant trend); (4) Tools for data analysis in 
Excel® - Data Analysis Tools: variance, standard deviation, covariance, descriptive 
statistics, correlation, regression; (5) Specifically designed software for time series 
analysis: recession analysis, cross-correlation analysis, aquifer recharge analysis, 
geochemical background analysis (Iterative 2δ technique and Calculated distribution 
function with application of Lilliefors test) 

Forms of teaching (and the 
allocation of ECTS) 

Statistics – theoretical part 
Lectures (1 ECTS) and learning from the given literature (4 ECTS) 
 
Statistics in Geology 
The subject will include lectures (4 ECTS) and seminar with computer modelling (1 
ECTS). Teaching materials exist in the following forms: university book, several 
scientific papers, (freeware) software and measurement equipment. 

Statistics in Mining  
Lectures (1 ECTS,) 



Computer exercises (1 ECTS),  
Practical laboratory work – measurement and drafting a paper for publication (3 ECTS) 
 
Statistics in Petroleum Engineering 
Teaching will be conducted through lectures with practical examples, namely 
computer exercises (3 ECTS), the project task that includes data collection, processing 
and interpretation, and finally, the presentation and/or presentation of the results (2 
ECTS). 
 
Statistics in Geological Engineering 
Lectures (1 ECTS) 
Computer exercises (2 ECTS) 
Student project (2 ECTS) 

Evaluation procedures of 
the PhD candidates 

Statistics – theoretical part 
Exam (written part, a part using a computer) 
 
Statistics in Geology 
Students are obligate to write seminar and present results to colleagues and 
professor. The exam includes written and oral part. The results need to be published 
in scientific paper. 
 
Statistics in Mining  
Student project. 
Oral exam. 
 
Statistics in Petroleum Engineering 
Student project/seminar/scientific paper. 
Oral exam. 
 
Statistics in Geological Engineering 
Student project. 
Oral exam. 

 


