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Approach to 
Learning

Problem/Project-based 
learning (PBL) is a 

student-centered pedagogy 
in which students learn about 

a subject through the 
experience of solving an 
open-ended problem. 

Students learn both thinking 
strategies and domain 

knowledge.
 

Problem/Project-based Learning 



http://www.siue.edu/facultycenter/services_resources/teaching/faculty_resources/pbl.shtml



4 C’s of PBLs:
1. Communication
2. Critical thinking and 

problem solving
3. Collaboration
4. Creativity and 

innovation



Types of PBL
- In Class/Lab
- Cross-Curriculum



Leading with 
Biology

Fall 2015

Helping Others 
Live Healthy

● Connection of life can be 
made in any other core 
subject

● Students learn to use science 
inquiry throughout all courses  

● Biology is the only science 
state end of course exam.

Fall 2014

Operation: 
Contain Ebola



In Class/Lab PBL Examples 



PBL in the Lab
(1) Define the Problem Carefully
What exactly are you trying to determine? Does the 
problem have several components? 

(2) Explore Possible Solutions
Brainstorm ideas that may contribute to a solution. Justify 
your ideas to group members. Clarify for them the biology 
involved. Have them paraphrase your ideas. Make a list of 
learning issues. What do we know? What don't we know? Is 
this problem analogous to any past problem? What core 
biological concepts may apply to this problem? Assign 
research tasks within the group.

(3) Narrow Your Choices
After developing a list of hypotheses, sort them, weed 
them, and rank them. List the type of data required to test 
each hypothesis. Give priority to the simplest, least costly 
tests. It is easier to get information on the diet of a subject 
than it is to do sophisticated biochemical tests.

(4) Test Your Solution
Seek the data that you need to test your ideas. If all your 
possible solutions are eliminated, begin the cycle again: 
define, explore, narrow, test. When you encounter data that 
confirm one of your hypotheses you may be asked to write 
a biological explanation of your solution and justify it using 
the available evidence.



To ensure that students gain basic 
concepts of genetics.

Driving Questions:

How similar and different are we 
from each other? 

How do genes on chromosomes  
work?

How do genetic crosses provide 
information about inheritance?

 "Genetics in the 21st Century - National Association of Biology 
Teachers." https://www.nabt.org/files/galleries/AprilABTOn-0001.pdf. 

https://www.nabt.org/files/galleries/AprilABTOn-0001.pdf






Examples
(4) A Case of Wilting Plants
A farmer was alarmed to notice tomato plants that were stunted and withered.
There is a comprehensive literature on ABA-deficient mutants, and many easily accessible web resources, e.g., Plant Biology 2000 
Abs 706, XVI International Botanical Congress Abs 6158, etc.

(5) A Case of an Unusual Pregnancy
A 94-year-old woman admitted to hospital for pneumonia had a swollen abdomen. A CT scan revealed a fetus. The woman had 
dementia so was unable to explain what had happened. [New England Journal of Medicine 321:1613-14.]
This case prompts exhaustive brainstorming of all aspects of reproductive physiology and will produce many imaginative hypotheses.

(6) A Case of Declining Biodiversity
In a coyote-control experiment coyote population density was greatly reduced. The number of rodent species then declined from ten to 
only two! Rodent species richness did not change on comparison areas where coyote density remained high. [Journal of Wildlife 
Management 63:1066-81.]
This case opens many avenues of biology for exploration, including trophic levels, population regulation, population limitation, 
competitive exclusion, niche breadth, keystone species, umbrella species, predator control policy, biodiversity, and species richness.

(9) A Case of Murder
Obtain a selection of DNA-typing profiles (RFLP autorads or STR electropherograms) from local police, and construct a brief but 
equivocal fictional case history. 
Another good source of DNA typing problems is wildlife census data from hair traps (e.g., grizzly bears).

Problem-based Learning in Biology with 20 Case Examples

http://capewest.ca/pbl.html


Cross-Curriculum PBL Examples 



Driving Question: 

How Can We Help People Live 
Healthier Lives? 

Optimizing 
Homeostasis - 
Fall 2015



Driving Question: 

How Can We Stop the Spread of 
Ebola? 

Operation: 
Contain Ebola - 
Fall 2014



Driving Question: 

What is the relationship between Life 
and the Physical Environment?

Wild Things - 
Spring 2013



Driving Question: 

What Can Be Done in Order to Provide 
Clean Water for Everyone?

Rain to Drain - 
Spring 2011



Where Do You 
Start?

● Find the driving question

● Connect the core subject’s 
content together

● Align the objectives 



● Cross-Curriculum collaboration

● Hook by engagement  

● Group size and selection

● Duration and lesson plans

● Final products and objectives

● Assessment and grading 

● Reflection period 

How Do You 
Design the PBL? In other words, you need... 



Learning Objectives Connector

Social Studies Science Mathematics 

English

Next, connect science 
objectives together by 
establishing the scientific 
research that describe the 
standards from social studies. 

Begin aligning with standards 
from World Geography. 
Typically, these are your most 
specific objective and dealing 
with them first will assure they 
are met during your PBL.

Finally, align your math 
objectives to support the 
scientific research with 
quantitative DATA that allows 
students to understand the 
numerical impact of your PBL, 
and teach them the objectives 
standards that solve the 
problems. 

Throughout your selection of objectives 
for the three subjects, use the standards 
in English to help students communicate 
and support their PBL experience



Learning Objectives Connector

Social Studies Science Mathematics 

English

The student is expected to: 
investigate how populations 
respond to external factors; know 
that interdependence and 
interactions occur within an 
environmental system;  recognize 
that long-term survival of species 
is dependent on changing 
resources; describe how 
environmental change can 
impact ecosystem stability.

The student is expected to:
describe the human and physical 
characteristics of the same regions 
at different periods of time;  explain 
how changes in societies have led 
to diverse uses of physical features; 
examine the physical processes that 
affect biosphere; understands the 
patterns and characteristics of 
major landforms, climates, and 
ecosystems of Earth. 

The student is expected to: 
apply mathematics to problems 
arising in everyday life; use a 
problem-solving model that 
incorporates analyzing given 
information, and evaluating the 
problem-solving process and the 
reasonableness of the solution;  
Three-dimensional figures and 
apply the formula for the area to 
solve problems using appropriate 
units of measure.

Research/Gathering Sources. Example from STEM 
Academy’s 
Water PBL



http://www.edtx.org/

Q & A

Contact Information:
Lane Smiley, lsmile1@neisd.net
Angela Vercher, angela.vercher@apsb.org

Resources :

http://bie.org/

http://capewest.ca/pbl.html

http://www.ascd.org/

mailto:lsmile1@neisd.net


Looking to the future. 



● T-STEM Academy
● Magnet Program
● Grades 6 - 12
● Multiple Degree Pathways
● All Core Classes Taught by 

STEM Teachers

PURPOSE:  The purpose of the STEM Academy is to 
increase student achievement by engaging and exposing 

students to innovative STEM instruction

 

VISION:  The STEM Academy creates visions of future 
academic and career possibilities and enables students to 

translate those visions into the realities of college 
graduation, informed citizenship, and international 

leadership.

MISSION:  The STEM Academy serves as a model of 
problem-based, technology-rich curriculum that enables and 

empowers students and faculty to engage in professional 
learning environments where science and math serve as 

vehicles for discovery, innovation, and independent problem 
solving.

School Address:
1400 Jackson Keller Road 
San Antonio, TX, 78213



NEISD STEM Academy 
Demographics
73% Hispanic 
20% White
3% Black
3% Two or more 
2% Asian 

25



NEISD STEM Academy 
Demographics

50% EcoDis
28% At-risk
16% Gifted & Talented 
4% English Language 

Learners 
2% Special Education

26



T-STEM 
Academy

What they are:

 T-STEM Academies are demonstration schools 
and learning labs that develop innovative methods 
to improve STEM-related instruction.

T-STEM Design Blueprint: A framework to 
establish and maintain T-STEM Academies that 
sets forth benchmarks as standards of excellence 
in the following key areas:

(A)  mission driven leadership;
(B)  school culture and design;
(C)  student outreach, recruitment, and retention;
(D)  teacher selection, development, and retention;
(E)  curriculum, instruction, and assessment;
(F)  strategic alliances; and
(G)  academy advancement and sustainability.



High Tech High operates thirteen schools in San 
Diego County: four elementary schools, four middle 
schools, and five high schools. All of these schools 
serve a diverse, lottery-selected student population; 
all embody the High Tech High design principles of 
personalization, adult world connection, common 
intellectual mission, and teacher as designer.

http://www.youtube.com/watch?v=bcSsrgPmajE


Planning 

Understanding by Design (UbD) Mctighe & Wiggins: “Teaching for understanding”  

3 Stages: Planning with the end in mind. 

Identify Desired 
Results

Creating transfer 
goals that are aligned 
to the content and 
have applicable use 
in the real world. 

Determine 
Assessment Evidence

Planning assessments 
that will let you know 
when the students 
have achieved the 
desired results. 

Planning for 
Instruction

Constructing 
opportunities that will 
allow students to 
make meaning of the 
content and reach the 
desired results.

Stage 1 Stage 3Stage 2



  STEM Endorsement     vs.    STEM Education
Endorsement: 

House Bill 5 states that all Texas district are required to 
offer at least six science courses that fulfill the STEM 
endorsement pathway. 

STEM endorsement is a coherent sequence of courses 
for four or more credits in career and technical 
education (CTE) that consists of at least two courses in 
the same career cluster, including at least one advanced 
CTE course, which includes any course that is the third 
or higher course in a sequence.

Education:

STEM is an interdisciplinary and applied approach that is 
coupled with hands-on, problem-based learning. 

Science, 
Technology, 
Engineering 

& Math

Science

Computer 
Science Math Science

Combination of 2
STEM 

Endorsement

Technology

Engineering

Math

Real World 
Applications

STEM 
Education

What separates STEM from the traditional science and 
math education is the blended learning  environment and 
showing students how the scientific method can be 
applied to everyday life. It teaches students 
computational thinking and focuses on the real world 
applications of problem solving. 



A Case of 
Declining 

Biodiversity

Journal of Wildlife Management 
63:1066-81

In a coyote-control experiment 
coyote population density was 
greatly reduced. The number of 
rodent species then declined from 
ten to only two! Rodent species 
richness did not change on 
comparison areas where coyote 
density remained high. 

This case opens many avenues of 
biology for exploration, including 
trophic levels, population regulation, 
population limitation, competitive 
exclusion, niche breadth, keystone 
species, umbrella species, predator 
control policy, biodiversity, and 
species richness.



Learning Skills
● Critical Thinking
● Creative Thinking
● Collaborating
● Communicating

Literacy Skills
● Information Literacy
● Media Literacy
● Technology Literacy

Life Skills
● Flexibility
● Initiative
● Social Skills
● Productivity
● Leadership

- See more at: 
https://k12.thoughtfullearning.com/FAQ/what-are-21st
-century-skills#sthash.JD6wrk01.dpuf

21st Century Skills:


