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Abstract - Algae based hands on K-12 education activities were developed and implemented to expose middle school 
students and educators to engineering careers and challenges.  The activities were also integrated with concepts from the 
humanities such as ethics, racial and gender biases, history of civilization and public policy.  The project involves hands on 
experiments, data collection and analyses along with technical writing in the form of a report and formal oral presentations.  
The activities were also developed to meet the New Jersey Next Generation Science Standards. An interactive game titled 
"Algae City" was also developed.  Results indicate that the students were excited by the project and assessment data indicated 
that the interest in pursuing engineering as a career increased after participation in the project. 
 
Index Terms - Algae, Project Based Learning, Engineering, Education 
 
I. INTRODUCTION 
 
Algae are a photosynthetic microorganism found 
worldwide.  An innovative project titled “Algae Grows 
the Future” was developed for engineering and K-12 
students and educators integrating the use of algae for 
various engineering applications [1].  The goal of the 
project is to expose K-12 students and educators to 
engineering careers via innovative use of algae.  In 
recent years the use of algae has made a major impact 
in various industries including biofuel, food, health 
products, cosmetics, aquaculture, medicine, 
wastewater treatment, carbon dioxide sequestration 
and much more [2].  As such the use of algae to teach 
engineering and scientific principles is an innovative 
contemporary approach.   Since life sciences are an 
integral component of our K-12 education system, the 
algae based activities are easy to adopt and integrate in 
the school curriculum.  Algae are easy to grow and do 
not require excessive specialized treatment. Algae 
based educational activities can also be easily related 
to learning concepts from the humanities and social 
sciences.  Many communities around the globe are 
dependent on algae for fulfilling basic needs such as 
nutrition and as a pollution prevention agent.  This 
allows the algae based educational modules to also 
address global issues such as poverty, hunger, race and 
gender biases, public policy etc.  The activities 
developed in this project are also linked to the NAE 
Grand Challenges in engineering [3] and the UN 
Millennium Development Goals [4]. 
 
II. PROJECT GOALS 
 
The broad educational goals of this project as specified 
in the proposal are:  
 

 To establish social relevance in the engineering 
curriculum through different learning contexts,   

 To increase participation of underrepresented 
students and ensure a high level of student 
retention in STEM areas by introducing science 
and engineering principles via a familiar 
microorganism such as algae, and 

 Develop scalable, transferrable and cost-effective 
curricular materials that integrate engineering 
and humanities.  

 
III. EXPERIMENTAL MODULES 
 
A number of hands on experiments were developed 
using algae [5].  Each experiment was integrated with 
a select concept from the humanities and social 
sciences.  Experiments were developed such that they 
are affordable and easy to implement in the K-12 
classes.  They also allow students and educators to 
learn about data collection and analyses, technical 
writing and oral presentations.  The activities 
developed are listed below: 
a) Algae growth studies:  These experiments focus 

on growing algae and understanding their growth 
needs.  Students can collect data on algae growth 
with time and determine the growth coefficient. 

b) Algae dewatering studies:  These experiments 
focus on separating the algae from water by 
simple methods such as evaporation to high end 
energy intensive methods such as filtration and 
centrifugation.   

c) Biofuel from algae:  These experiments focus on 
extracting oil from dry algae using simple 
techniques such as pressing versus the use of 
solvents.   
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d) Materials from algae:  Students learn the use of 
sodium alginate, an algae based gel in 
applications for the food and cosmetic industry. 

e) Algae for Pollution Prevention:  These 
experiments focus on the removal of nitrogen and 
phosphorus from wastewater using algae.  
Sequestration of carbon di-oxide by algae can also 
be demonstrated in the same experiment. 

f) Algae and Photosynthesis:  Students determine 
photosynthetic rates and learn about gas transfer 
fundamentals via hands on experiments. 

 
IV. GAMING AND LEARNING 
 
In order to enhance student interest in learning we 
also developed a game titled “Algae City” [6-9].  
Algae City is an interactive and educational game that 
allows learning to be fun and visual.  The users of the 
game  are able to play through various modules within 
the game that offer multiple ways to convey that the 
use of algae can be a game changer for the world.  
 
The Algae City game features four main modules with 
five mini modules. The algae modules reinforce the 
hands on learning activities and focus primarily on: 
water treatment, algae growth, algae derived biofuel 
and algae based cosmetics. The mini-game modules 
focus on materials, pharmaceutical gels, batteries, 
nutrition, and fish feed.  When designing these games 
two major priorities were considered: fun and 
educational content.  A flowchart depicting the setup 
of the game is presented in Figure 1. 

 
Fig. 1: Flowchart Demonstrating Goals and Scope of the Algae 

City Game 
 
Additionally, an algae cartoon character was added to 
the game to provide a more welcoming and fun 
environment for the users. 

V. HUMANITIES AND SOCIAL SCIENCES 
 
The algae based project also allows the integration of 
important skill sets for students.  The experiments and 
games foster teamwork, critical thinking and 
communication skills.  It is important that K-12 
students realize that engineering also requires 
excellence in other areas than only science and 
mathematics. 
 
Students in teams are also assigned to research a 
particular country and understand how algae can grow 
the future for their assigned nation.  Each team has to 
investigate and learn about the history, geography, 
government and politics, economy, social culture, and 
racial-ethnic-gender issues.  This forces the students 
to learn about how the non-engineering topics are as 
important for the well-being of a nation. 
 
 In order to make learning meaningful and fun, the 
teams are also assigned movies and videos that expose 
them to social and cultural issues.  For example teams 
watch movies such as Erin Brokovich, A Civil Action, 
The Bhopal Express, The Whale Rider, The Hidden 
Figures, The Wind Rises and A Rabbit Proof Fence.  
Gender biases/ethics in STEM fields are also exposed 
to the students by teaching them about Rosalind 
Franklin [10], Henrietta Lacks [11] and Stephanie 
Kwolek [12]. 
 
VI. IMPLEMENTATION 
 
The project was implemented in multiple sections of 
grades six and seven in local middle schools for the 
spring semester.  A total of 120 students participated 
in the study.  Engineering students worked with the 
school students in helping them setup experiments, 
collect and analyze data and make formal 
presentations.  A day long workshop was also 
conducted to train state teachers on the project. Pre 
and post surveys were conducted to determine the 
impact of the project.  The results of the questions “Do 
you know what an engineer does?” and “What is your 
interest level in pursuing engineering as a career?” are 
presented below: 
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Results of the survey indicate that the project 
generated much enthusiasm for careers in science and 
engineering after the exposure even though students 
were aware of what an engineer’s job entails. These 
are encouraging results regarding the impact of the 
algae project. 
 
The project is also well disseminated through a 
dynamic website [13]. 
 
CONCLUSIONS 
 
The "Algae Grows the Future" project is an innovative 
example of project based learning for K-12 students 
and educators.  It allows an easy cost effective 
integration of core concepts from science and 
engineering with the core science standards set by the 
state of New Jersey. It also allows for a smooth 
transition to concepts from the humanities and social 
sciences.  As such the project provides students a 
strong foundation in global issues and challenges that 
requires engineering solutions. 
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