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(Very short) Introduction 
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Project-based learning (PBL) is a teaching approach that engages students in 

sustained, collaborative real-world investigations. Projects are organized around a 

driving question, and students participate in a variety of tasks that seek to 

meaningfully address this question. 

Projects can be complex tasks, based on challenging questions, problems, events 

and or activities, that involve students in the design, implementation, reflection, 

problem–solving and decision making that give students the opportunity to work 

collaboratively and independently over a period of time, that concludes with a realistic 

product, presentation, activity or event. 

Characteristics: 

● Projects are central and not peripheral to the 

curriculum; 

● PBL are focussed on questions or problems 

or activities that “drive” students to 

encounter (and struggle with) the central 

concepts and principles of a discipline; 

● Projects involve students in a constructive 

investigation; 

● Projects are largely student driven; 

● Projects add value and are realistic and 

authentic (not school like). 

Requiriments to students: 

● Think critically, creatively, and collaboratively, 

● Access the knowledge in the disciplines, 

● Develop effective oral and written 

communication skills, 

● Apply their learning by designing products and 

performances, 

● Assess their own learning, 

● Develop as a self-directed, independent and 

interdependent learner, 

● Integrate technology meaningfully. 



This is a workshop.. 

So, let´s start to learn 

by working! 
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● Level: 1st-2nd year undergraduate 

● Studies: STEM 

● Key math contents: Data analysis: linear regression; ODE: Logistic 

equation; Fitting data. 

● SDG related: 

  

  

● Competences:  

 
 

 

● ICT tools: DESMOS, Google Calc, Generative AI 

● Activities:  

In this exercise, 

you are 

student: To be 

solved in this 

workshop 

Exercise 1: Yeast (logistic) growth 

● On SDG dimension: 3 

● On mathematical dimension: 5 

 

Mathematics 

● Thinking mathematically 

● Modeling mathematically 

● Posing and solving mathematical 

problems 

● Making use of aids and tools 

Sustainability 

● Systems thinking competency 

● Critical thinking competency 

● Integrated problem-solving 

competency 



6/  

Exercise 1: Yeast (logistic) growth 

Yeasts are tiny but mighty organisms that play a crucial role in many aspects of our 

lives, especially in food production. Here's why they are important: 

● Food and Beverage Production: Yeasts are essential for the 

fermentation process, which is used to produce a variety of 

alcoholic beverages like beer, wine, and cider. In these processes, 

yeast consumes sugars and converts them into alcohol and 

carbon dioxide. They are also key to baking, where yeast 

fermentation causes dough to rise, resulting in fluffy breads and 

pastries.  

● Nutritional Value: Some types of yeast, like brewer's yeast, are a 

good source of vitamins, particularly B vitamins, and protein. 

● Medicine: Yeasts are used in the production of some medications, 

such as insulin. 

● Biofuels: Certain yeast strains can be used to produce biofuels, 

which are renewable energy sources derived from organic matter. 

● Scientific Research: Because of their relatively simple cell 

structure and rapid reproduction rate, yeasts are widely used as 

model organisms in scientific research. 

 
With the help of: 
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Yeasts, due to their well-defined growth patterns and ease of study, have become a 

favorite subject for mathematical modeling of microbial growth. Here are some 

common models used to describe yeast growth: 

● Logistic Model: This classic model, developed by Pierre-

François Verhulst, represents a population's growth initially at 

an exponential rate, but eventually slowing down and reaching a 

carrying capacity limited by available resources  

(https://pubmed.ncbi.nlm.nih.gov/35033338/). 

● Gompertz Model: This model is useful for describing yeast 

colony growth on solid surfaces like agar plates. It captures the 

initial slow growth phase (lag phase), followed by an exponential 

growth phase, and finally a stationary phase where growth 

plateaus due to limitations (https://pubmed.ncbi.nlm.nih.gov/25099389/). 

● Mechanistic Models: These more complex models delve 

deeper into the biological processes underlying yeast growth. 

They consider factors like nutrient uptake, cell division rates, 

and even toxin production by some yeast strains  

(https://www.sciencedirect.com/science/article/pii/S0166445X20304872). 

The choice of model depends on the specific aspect of yeast 

growth being studied. Simpler models like the Logistic model 

provide a good starting point, while complex mechanistic 

models offer more detailed insights but require more data and 

computational power. 
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Consider the growth of a population of yeast. Researchers 

collected the data in Table 1 from a yeast population grown in 

liquid culture, measuring the population size (in number of 

individuals per mL of culture) at different points in time (in 

hours). Figure 1 is a scatter plot of these data. 
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The Logistic Differential Equation is a mathematical tool used to model population 

growth that takes into account resource limitations. Here are the key fundamentals: 

 Logistic Differential Equation 

● Population Change: It describes the rate of change of a population (dN/dt) over time 

(dt). This rate of change is represented by a derivative. 

● Growth Proportionality: The rate of change is proportional (r) to the current population 

size (N). This means that larger populations tend to grow faster (but not infinitely). 

● Resource Limitation: The equation incorporates a factor that slows down growth as the 

population approaches a carrying capacity (K). This carrying capacity represents the 

maximum population sustainable with available resources (like food or space). 

● Logistic Term: The term that considers resource limitation is typically (1 - N/K). This term 

approaches zero as the population (N) gets closer to the carrying capacity (K), reducing 

the growth rate. 

● Exponential Growth: When the population is small relative to the carrying capacity (N << 

K), the (1 - N/K) term is close to 1, and the growth rate is approximately proportional to 

the population size (rN), resembling exponential growth. 

By solving this differential equation, you can obtain mathematical functions that describe 

how the population grows over time, reaching an equilibrium at the carrying capacity. 
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Logistic 

Equation 

Solution (without know the parameters): 

Resolution of the equation is 

the standard procedure.  

Our aim is the construction of 

the equation (i.e., determinate 

r and K) for this real case. 



● What do we mathematically identify 

in these table? 

● What math activities can we 

construct? 

● What SDG can be attended by these 

mathematical activities? 

● What activities on SDG dimension 

can we produce? 

● Which competences can we 

address in our T&L process? 

● …..Your turn 

Goal of Excercise 1:  

Design a mini-PBL based 

on the Logistic equation  
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Growth rate per capita 

CONSTANT 

First analysis: Incomplete 

In perspective, an obvious biological 

reason for this discrepancy is that the 

model assumes that the per capita 

growth rate remains constant r, 

irrespective of population size.  

 

In reality, as population increases, 

overcrowding and resource 

depletion can be expected to cause 

the per capita growth rate to 

decrease as population N increases. 

 

Which model do we choose? 

This value can also be obtained by 

studying all the data: 

Activity on spreadsheet. 

To the exponential 

growth.... 

...we apply a reduction over  
r when N increase 

Logistic 

Our view/solution: 
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Logistic Eq.: 

Solution: Separable Var. Equation 

K is the limit 

capacity of the 

system 

What we have 

taught in previous 

courses 

What parameters 

does give DESMOS? 
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Second analysis: Logistic solution 

:  

If we continue the above curve, the S-shape that fits the data gives us 

an idea of the logistic expression of the best solution that approximates 

the data. 
KEY IDEA 1: We look for a 

relationship where the per capita 

growth rate decreases as N increases, 

we choose linear decreasing model: 

Logistic Eq. 

Aim: How do we obtain (estimate) the 

fundamental parameters r and K of the 

equation from the data? 
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KEY IDEA 2: We operate with the expression N/(K-N) without yet knowing the paramet 

We are now going to use the 

experimental data to look for 

these two parameters, r and K. 

L 

● Step 1: We calculate the table of ln(N/K-N) values for different values of K, 

which we get from the trend of the data for large t values. 

● Step 2: We fit the data by regression and choose K so that we have the best 

estimate. This step is where the linear trend of the data materialises (what we 

were looking to confirm). 

● Step 3: With K fixed, linear regression gives us the value of r that determines 

the logistic model that best fits the da 
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Exercise 2: Air Quality Index 

● Level: High School (2nd year) – 1st year undergraduate 

● Studies: STEM 

● Key math contents: ?? 

● SDG related: ?? 

● Competences: ?? 

● ICT tools: ?? 

● Activities: ?? 

In this exercise, you 

are professor: 

To be completed in 

this workshop 
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Exercise 2: Air Quality Index 
https://www.airnow.gov/aqi/aqi-

basics/ 
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https://waqi.info/ 

https://aqicn.org/map/world

/ 

https://www.iqair.com/world-air-quality-ranking 19/  
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Air Quality Index (AQI)/IMECA Index (Mexico) 

Parts per billion (ppb) is a unit of measure by which concentration is measured. It refers 

to the number of units of a given substance (agent, etc.) per billion (109) units of the 

whole. 

1 ppm= 1 mg/l 
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AQI intervals Concentrations   

● What do we mathematically identify 

in these table? 

● What math activities can we 

construct? 

● What SDG can be attended by these 

mathematical activities? 

● What activities on SDG dimension 

can we produce? 

● Which competences can we 

address in our T&L process? 

● …..Your turn 

Goal of Excercise 2:  

Design a mini-PBL on the AQI 

scores 

 

Tips: 



Our view/solution: 


