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DEGREE COMPETENCES TO WHICH THE SUBJECT CONTRIBUTES

Specific:

1. Solve mathematical problems that may arise in engineering. Apply knowledge of linear algebra; geometry; differential geometry;
differential and integral calculus; differential equations and partial differential equations; numerical methods; numerical algorithms;
statistics and optimisation.

Transversal:
2. EFFICIENT ORAL AND WRITTEN COMMUNICATION - Level 2. Using strategies for preparing and giving oral presentations. Writing
texts and documents whose content is coherent, well structured and free of spelling and grammatical errors.

TEACHING METHODOLOGY

The teaching methodology is distributed as follows:
- Lectures: 30%

- Computer lab sessions: 10%

- Independent study of learning materials: 35%

- Problem solving: 20%

- Exams: 5%

LEARNING OBJECTIVES OF THE SUBJECT

Consolidate the fundamental concepts of statistics.
Identify the role of statistics in engineering problems.
Improve the students' skills in applying statistical tools to engineering modeling and problem-solving.

Use statistics to solve engineering problems or establish models.

STUDY LOAD
Type Hours Percentage
Hours large group 45,0 30.00
Self study 90,0 60.00
Hours small group 15,0 10.00

Total learning time: 150 h
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CONTENTS

1. INTRODUCTION

Description:
Statistics in engineering.

Objectives of statistics.
Statistical method.

History of statistics.

Specific objectives:
Demonstrate the important role of Statistics as a methodology in the study and resolution of various problems in engineering.

Understand and appraise the possibilities of Statistics.
Review the historical evolution of Statistics.

Learn to install and start working with the statistical software R.

Related activities:
Practice 1: Introduction to R.

Full-or-part-time: 3h

Theory classes: 1h 30m
Laboratory classes: 1h

Self study : Oh 30m
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2. DESCRIPTIVE STATISTICS

Description:
Definition of descriptive statistics (exploratory data analysis).

Objectives of descriptive statistics.

General concepts (population, sample, variable, observation).

Types of data.

Frequency distribution.

Graphic representations.

Measures of central tendency.

Measures of variability.

Boxplot.

Sample moments.

Chebyshev inequality.

Measures of skewness and kurtosis.

Linear regression.

Specific objectives:

Describe a methodology for organizing, representing and summarizing data sets to facilitate their evaluation and interpretation.

Know and appreciate the techniques for obtaining information from data.

Use the R software as a tool for the statistical descriptive analysis of a data set.

Build frequency tables.

Represent frequency tables.

Calculate and interpret the numerical descriptive measures of a data set.

Construct and interpret the boxplot.

Learn to calculate the parameters of the linear regression and evaluate the goodness of fit.

Related activities:
Practice 2: Descriptive statistics

Practice 3: Linear Regression

Test 1

Full-or-part-time: 14h
Laboratory classes: 4h
Self study : 10h
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3. ELEMENTS OF PROBABILITY

Description:
Definition of probability.

Sample space of a random experiment.

Events. Types of events.

Operations with events.

Probability rules.

Conditional probability.

Independent events.

Total probability theorem. Bayes theorem.

Some counting rules: permutations, variations, combinations.

Specific objectives:
Describe the outcomes of a random experiment in terms of the sample space.

Define the probability function.

Know the probabilistic elements for modeling random systems.

Understand and apply the concepts of conditional probability and independent events.

Know the main probability rules and apply them judiciously in practical problem-solving.

Introduce and motivate, through practical examples, the concepts needed for the study of statistical inference.

Related activities:
Solving probability problems

Test 2

Full-or-part-time: 16h
Theory classes: 6h
Self study : 10h
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4. DISCRETE RANDOM VARIABLES AND CONTINUOUS RANDOM VARIABLES

Description:
Definition of a discrete random variable.

Probability mass function.
Probability distribution function.
Measures of central tendency.
Measures of dispersion.

Moments of a random variable.
Chebyshev theorem.
Transformation of random variables.

Definition of a continuous random variable.

Probability density function.
Probability distribution function.
Measures of central tendency.
Measures of dispersion.

Moments of a random variable.
Chebyshev theorem.
Transformation of random variables.

Specific objectives:
Present the concept of discrete random variables.

Calculate and interpret the expectation and variance of random variables.

Understand and properly handle discrete random variables.
Relate the new concepts with those studied in descriptive statistics.

Present the concept of continuous random variables.

Calculate and interpret the expectation and variance of random variables.

Understand and properly handle continuous random variables.
Relate the new concepts with those studied in descriptive statistics.

Related activities:
Resolution of a report on discrete random variable problems

Resolution of a report on continuous random variable problems

Test 2

Full-or-part-time: 20h 30m
Theory classes: 6h
Self study : 14h 30m
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5. DISCRETE PROBABILISTIC MODELS AND CONTINUOUS PROBABILISTIC MODELS IN ENGINEERING

Description:
DISCRETE MODELS:

Uniform distribution.
Bernoulli, binomial, negative binomial, and hypergeometric distribution.
Poisson distribution.

CONTINUOUS MODELS:
Uniform distribution.

Exponential distribution.
Normal distribution.

Specific objectives:
Define and study the probability distributions most commonly used in engineering.

Use the R software as a computational tool for solving problems on probabilities and random variables.

Related activities:
Resolution of problems on probabilistic models

Practice 4: Discrete Probabilistic models
Practice 5: Continuous Probabilistic models

Test 3

Full-or-part-time: 24h
Theory classes: 6h
Laboratory classes: 4h
Self study : 14h
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6. SAMPLING. CENTRAL LIMIT THEOREM

Description:
Types of sampling.

Statistical distributions.

Laws of large numbers.

Central Limit Theorem.

Distribution of the mean and sum of variables.

Distribution of the sample variance of the normal variable.

Specific objectives:
Present some basic theoretical elements associated with random sampling and statistical inference.

Know the most common techniques of data collection.

Illustrate different techniques that allow applying the inductive process of statistical inference to obtain useful and reliable results.

Learn some practical applications of the central limit theorem.

Use the normal distribution to approximate some discrete distributions.

Related activities:
Resolution of a report on sampling problems

Practice 6: Sampling. Sampling distributions of statistics

Test 4

Full-or-part-time: 20h
Theory classes: 6h
Laboratory classes: 2h
Self study : 12h
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7. POINT ESTIMATION AND INTERVAL ESTIMATION

Description:
Point estimation: method of moments and method of maximum likelihood.

Estimators: definition and properties.

Confidence interval estimation of the mean, variance and proportion.

Specific objectives:
Estimate the value of a parameter from sample information.

Study the two most common methods for determining point estimates.

Study the most important properties of the estimators.

Know the sampling distributions of the estimators associated with normal, binomial and Poisson random variables.

Explain and apply interval estimation of the mean and variance of normal populations and approximately normal populations.
Use common sampling distributions, such as the Student's T distribution.

Know how to use the tables of the usual distributions associated with interval estimation.

Use the R software for calculating confidence intervals.

Related activities:
Resolution of problems on point estimation

Resolution of problems on interval estimation
Practice 7: Confidence intervals
Test 4

Test 5

Full-or-part-time: 23h
Theory classes: 9h
Laboratory classes: 2h
Self study : 12h
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8. HYPOTHESIS TESTING

Description:
Hypothesis testing of parametric models.

Errors associated with hypothesis testing.
p-value computation.
Statistical power.

Model testing.

Specific objectives:
Study statistical hypothesis testing and its application to means, proportions and variances.

Be able to apply judiciously the most common statistical tests, appreciating their possibilities and limitations.
Calculate the p-value associated with a hypothesis test.
Understand the decision errors associated with hypothesis testing.

Use the R software as a computational tool to solve problems on statistical hypothesis tests.

Related activities:
Resolution of problems on statistical hypothesis testing

Practice 8: Hypothesis testing

Test 5

Full-or-part-time: 29h 30m
Theory classes: 10h 30m
Laboratory classes: 2h

Self study : 17h

GRADING SYSTEM

The course is based on a continuous assessment system, where the final grade is calculated from the weighted sum of five tests:
Test 1, conducted during regular class hours in the computer lab of each enrollment group. (15%)

Test 2, paper-based, scheduled on a single date and time for all course groups. (20%)

Test 3, conducted during regular class hours in the computer lab of each enrollment group. (15%)

Test 4, conducted during regular class hours in the computer lab of each enrollment group. (15%)

Test 5, paper-based, scheduled on a single date and time for all course groups. (35%)

For further details, please read carefully the regulations section for taking the tests.

This course DOES NOT have a resit examination.
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EXAMINATION RULES.

I. COMMON ASPECTS FOR ALL 5 TESTS

- Identification: It is mandatory to keep your ID card/Passport or UPC student card visible on the desk throughout the entire test.

- Leaving the classroom: Leaving the classroom will not be permitted until the first 30 minutes have elapsed since the start of the
test.

II. COMPUTER LAB TESTS BLOCK (Tests 1, 3, and 4)

Common Regulations for the Computer Lab Block

- Duration: Up to 90 minutes.

- Location and Attendance: The test will take place in the computer labs assigned to the corresponding enroliment group during their
regular schedule. Specific dates for each laboratory group are available in the Statistics Metacourse on ATENEA. Each student must
attend the test within their officially enrolled group. All on-screen instructions must be read carefully before starting.

- Classroom Organization: Students shall place all their belongings in the designated area (side of the room or platform), away from
their reach and without disturbing anyone.

- Quiz Structure: It consists of several questions and/or theoretical and practical problems on the ATENEA platform.

- Attempts and Language: Only one attempt will be allowed to complete the quiz. The quiz is available in Spanish and Catalan; only
one of the versions must be chosen and solved. In case both quizzes are completed, the final grade will be the lower of the two
recorded marks.

- Confidentiality: Test questions or solutions cannot be communicated, copied, or disseminated until the testing period has concluded
for all groups.

- Prohibited Physical Materials: The use of calculators, tablets, additional computers, smartwatches, mobile phones, smart glasses,
headphones, etc., is NOT permitted. Devices must be completely turned off (not in silent or airplane mode) and stored inside
backpacks. A frequency signal detector may be used during the test. Only the use of the lab computer, mouse, and keyboard is
permitted.

- Computer Restrictions: The use of online communication tools, personal notes, calculation websites, or artificial intelligence tools is
NOT permitted. Access is strictly limited to the ATENEA quiz and the R console.

- Data Entry and Technical Format:

o The decimal point (.) must be used to separate decimal places.

o No intermediate approximations should be made; all digits provided by R must be entered.

o It is mandatory to attach the executed R code in the corresponding box at the end of each exercise, whenever the exercise requires
calculations using R.

- Completion and Grades: Upon completion, students must collect their belongings and leave the classroom without disturbing the rest
of the group. Grades will be published globally once the testing period has closed for all groups.

Specific Details per Test

- Test 1:

o Evaluated topics: Introduction to R, Descriptive Statistics, and Linear Regression.

- Test 3:

o Evaluated topics: Discrete random variable models and Continuous random variable models.
- Test 4:

o Evaluated topics: Sampling and Confidence interval estimation.

III. PAPER-BASED WRITTEN TESTS BLOCK (Tests 2 and 5)

Common Regulations for the Paper Block

- Classroom Organization: The test will be paper-based and conducted in a continuous session. Students must be seated in the
assigned classroom at the start of the test and place all their belongings in the designated area (side of the room or platform), away
from their reach and without disturbing anyone.

- Student Identifier: The course defines a unique numerical identifier for each student (maximum of three digits) which does NOT
match the DNI. It is mandatory to check this code beforehand in the corresponding file in the ATENEA Metacourse (ordered by DNI)
and memorize it for the exam.

- Identification and Data: Each person must write their first and last names IN CAPITAL LETTERS, the group, the DNI/Passport, and
the assigned Identifier in the header of each sheet of the booklet, even if a problem is left blank.

- Permitted Material: The use of a basic non-programmable calculator and a pen (blue or black) is permitted. The use of notes, books,
formula sheets, or tables is strictly prohibited. Submitting answers in pencil or red pen is not allowed.

- Electronics Prohibition: Carrying or using mobile phones, smartwatches, smart glasses, tablets, laptops, headphones, or calculators
with connectivity is completely prohibited. Devices must be completely turned off (not in silent or airplane mode) and stored inside
backpacks. A frequency signal detector will be used during the test.

- Resolution and Submission Criteria:

o Unstapling the booklet is strictly prohibited under any circumstances at any time during the test.
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o Problems must be solved exclusively in the spaces defined on the corresponding question sheets. Work written on the draft/scratch
paper sheets will not be evaluated.

o The final answer must be written in the designated box (if available in the question sheet).

o Each person is free to start by answering whichever problem they choose, although it is advised to manage time effectively
throughout the test and address the simplest problem first.

o It is mandatory to provide an analytical and coherent development of the answers. A lack of development or inconsistency will be
penalized in the evaluation.

o At the end of the test, students will collect their belongings and hand in the complete, stapled booklet in an orderly manner before
leaving the classroom.

- Calculation and Rounding Criteria:

o Intermediate calculations: It is recommended to operate with the maximum number of decimal places possible during the
intermediate steps of the analytical process to avoid rounding errors.

o Final results: Final answers must be entered with a minimum of 4 decimal places, applying mathematical rounding correctly.

- Answering Questions: During the test, the teaching staff present in the classroom will not answer questions regarding course
content, interpretation of questions, resolution procedures, evaluable R usage, or obtained results. They will only address logistical or
technical incidents unrelated to the assessment, without providing academic guidance.

Specific Specifications per Test

- Test 2:

o Evaluated topics: Probability (1 problem), Discrete random variables (1 problem), and Continuous random variables (1 problem).

o Duration: Up to 60 minutes.

0 Booklet structure: Contains the 3 problems (one problem per sheet, printed single-sided) and a draft/scratch paper sheet.

- Test 5:

o Evaluated topics: Thematic blocks of Point estimation (1 problem), Confidence intervals (1 problem), and Hypothesis testing (2
problems).

o Duration: Up to 90 minutes.

0 Booklet structure: Contains the 4 problems (one problem per sheet, printed single-sided), draft/scratch paper sheets, and a printed
appendix with R commands (some of which will be necessary for resolution, while the rest act as distractors).
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RESOURCES

Audiovisual material:
- Nom recurs. Resource

Computer material:
- Probabilitat i estadistica matematica : teoria i problemes resolts.
://discovery.upc.edu/discovery/fulldisplay?docid i :

Hyperlink:
- The concise encyclopedia of statistics. https:

Other resources:
Supporting teaching material that will be shown in ATENEA throughout the course:

NOTES AND SLIDES.

EXPLANATORY VIDEOS OF THE THEORETICAL FUNDAMENTS
SOLVED PROBLEMS

PROPOSED PROBLEMS

PROBLEM RESOLUTION FORUM

QUESTIONNAIRES

COMMUNICATION FORUM

VIDEOS FOR EACH OF LAB COMPUTER SESSION
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