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Over the last decade, STEM (Science, Technology, Engineering, and Math) initiatives 

have been injected into public school curricula.  Additionally, a heavy emphasis on critical 

thinking in the form of teaching with “more depth than breadth” has been placed on the Next 

Generation Science Standards being written by the National Science Foundation (NSF) after 

which many states are modeling their own science standards for public education.  Ohio is one of 

those states, through the federal Race to the Top and Common Core in Reading and Math, using 

the new NSF standards as a model. 

Standardized test data shows a deficit in critical thinking and complex process skills in 

most public school systems.  In an effort to increase performance in these areas of weakness, 

RULH Middle School participated in the PBL training offered through Wright State University 

in conjunction with ESSEA.  “A well-cultivated critical thinker raises vital questions and 

problems, formulating them clearly and precisely; gathers and assesses relevant information, 

comes to well-reasoned conclusions and solutions, testing them against relevant criteria and 

standards; thinks open-mindedly, recognizing and assessing assumptions, implications, and 

practical consequences; and communicates effectively with others in figuring out solutions to 

complex problems... It entails effective problem-solving and communication abilities (Ceylan 

and Lee, 2003).”  Students in elementary and middle school are concrete thinkers; but their 

innate curiosity about their world, breeds critical thinking skills.  To reach the level described 



above, students must be presented with challenges that require them to use complex process 

skills, thereby developing those skills as one would in sports, by practicing them.  The ESSEA 

PBL unit in which RULH students participated was an excellent example of a compilation of 

critical thinking skills.  The students were required to ask questions, search for answers, come to 

a conclusion, create something from nothing, analyze for success or failure, make changes, and 

communicate results.   

In many other countries, engineers are sitting in positions of power making policy, 

making decisions that affect the economies of the respective nations.  However, in the United 

States, fewer students enter Science, Technology, Engineering, and Math (STEM) related fields 

than in competing global economies (Sullivan, 2006).  Despite the dwindling numbers of college 

students entering the aforementioned areas, many public, private, and charter schools are 

showing significant success in STEM curricula.  According to Sullivan, “Exposure to 

engineering may be most profound in grades 3 through 8. In these formative years, hands-on 

engineering experiences, conveyed through inquiry-based, design-oriented instructional 

methodologies, can support the learning of standards-based science and mathematics while 

stimulating student learning and making engineering come alive. By including engineering in 

early STEM learning, youngsters can begin to imagine themselves as engineers creating new 

products and processes for the benefit of humankind (2006).”  If the careers that will be available 

when my students graduate college are going to be in a STEM-related field, then my goal is to 

offer them the encouragement and arm them with the knowledge necessary to meet the career 

challenge head-on. 

The focus of this action research will be growth of student knowledge about hydro-

fracture mining of natural gas and its environmental impacts, awareness of Earth systems 



science, and success in employing the engineering/design process in an effort to increase critical 

thinking and complex process skills.  This focus is of particular interest because STEM 

initiatives, and our new state standards, place a heavy emphasis on the engineering aspect of 

science. Framing science topics within a societal context as a means of connecting the material to 

students’ lives in an attempt to make science more personally meaningful to students and having 

students routinely employ the process of solving problems will certainly be impactful in their 

real futures (Clarkson LEA, 2006).  They must be able to communicate in writing about their 

research as they will do in the work force.  Specifically, I will address the question:  How does 

using the engineering/design process affect a student's ability to successfully research a topic, 

gain understanding, develop a product, and communicate results?  I will use rubrics, pre- and 

post- assessments, and student work samples to collect data. 

During the years of grades 5-8, all Ohio public school students must use the following 

scientific processes, with appropriate laboratory safety techniques, to construct their knowledge 

and understanding in all science content areas:  

•   Identify questions that can be answered through scientific investigations;  

•   Design and conduct a scientific investigation;  

•   Use appropriate mathematics, tools and techniques to gather data and information;  

•   Analyze and interpret data;  

•   Develop descriptions, models, explanations and predictions;  

•   Think critically and logically to connect evidence and explanations;  

•   Recognize and analyze alternative explanations and predictions; and  

•   Communicate scientific procedures and explanations.  

 



During the month of May, after our state testing concluded, in order to engage and enrich 

our students during those last few weeks, we implemented our PBL plan.  A pre-assessment ESS 

analysis was given prior to beginning the following plan.  Students showed a minimal knowledge 

of Earth System Science.  The only knowledge they had was due to a video they had seen in 

Language Arts class on the impacts of fracking on humans.  In retrospect, this skewed the 

results.  In future classes, I will definitely reevaluate the timing and the method of pre-

assessment for better data gathering.  Nonetheless, the results of the pre-assessment for all 

groups revealed an average lack of knowledge about fracking and virtually no vocabulary 

relating to earth systems science.  The questions the students raised, upon research and 

investigation, made solid connections to ESS concepts.  For example, “How is shale made?  

[How] does fracking affect humans?  Does [fracking] affect global warming?”  

The engineering design challenge was broken into the following sections: 

IDENTIFY THE PROBLEM: 

1.   "The fracturing of Marcellus Shale to extract vast amounts of natural gas is prompting many 

states to explore the possibilities of "fracking" as a new and viable clean energy source in order 

to help rejuvenate the economy and combat the effects of burning fossil fuels (coal.) Residents of 

coal mining states and the surrounding areas need economies and environments that are safe, 

productive and competitive on a global scale. Your state representative, Doug Green, is the chair 

of the subcommittee on alternative energy in Ohio. He and his constituents have asked your team 

for an ESS analysis of the "fracking" issue to provide some valuable insights for dealing with 

this possible economic versus environment dilemma. Please include the environmental 

implications, economic impacts, and human resource challenges in your report." 

2.   In order to prepare for the report and analysis, students must identify what they know, what 



they think they know, and what they need to find out about fracking. Each group will formulate a 

chart with this information and use the ESSEA resources to conduct their research. 

IDENTIFY THE CRITERIA AND CONSTRAINTS: 

1.   In addition to the analysis and report, students will use the design process to engineer a 

method of extracting as much "fracking material" from a specified layer as possible. The group 

with largest profit margin and lowest waste (i.e., environmental impact) will be declared the 

"winner" of the challenge.  

2.   Students will work in small groups (3-4 students).  

3.   Each piece of "equipment" used will have a cost attached to it (the more effective the tool, 

the higher the cost). The fracking material grosses a certain dollar amount per unit extracted.  

4.   Each group will also receive a prepared pan of layered materials. In order to determine the 

composition of the layers, the students must perform core sampling and construct a layer 

diagram which identifies the types of materials and the position of layers.  Inside each pan is a 

layer of desired fracking material.  

5.   Students will need to generate a budget and create a form in which to track their income and 

expenditures.  

BRAINSTORM POSSIBLE SOLUTIONS: 

1.   Each group will explore a variety of materials identified as EQUIPMENT, such as syringes, 

tubing, straws, water, balloons, forks, toothpicks, chenille stems, spoons, etc. Depending on the 

potential effectiveness of each piece of equipment, a dollar amount will be assigned. 

GENERATE IDEAS: 

1.   As students manipulate each piece of equipment, they will generate ideas on how they could 

be used and record them on a preliminary "blueprint" of their designs. 



EXPLORE POSSIBILITIES: 

1.   In order to be successful in the design challenge, students will need to identify and research 

questions that they have about the process and structure and function of horizontal drilling.  

2.   During this stage, students will use ESSEA resources to explore different possibilities for 

how to construct an effective extraction system. 

3.   Also, students will create at least two different sets of blueprints (each showing a different 

design possibility) identifying where and how each piece of equipment will be used and calculate 

the construction cost of each design. 

SELECT AN APPROACH:  

1.   As a group, the students will make a final decision on the design. 

2.   Each group will submit their design and budget for approval by the Fracking Oversight 

Committee Chairperson, Mrs. Lawson. 

BUILD A MODEL OR PROTOTYPE: 

1.   Upon approval, each group will build a prototype of their design. 

2.   Using an electronic scale, students will measure the mass of extracted materials and record 

them into one of two categories: Fracking Material/Waste Material. 

3.   When they have completed extracting and weighing the fracking material and waste, students 

will calculate revenue and cost of each category. 

REFINE THE DESIGN: 

1.   Based on the groups' calculations, an opportunity to modify/refine the design of their system 

for improved profitability will be given. 

2.   Each modification must be approved by the Chairperson before any changes are made. 

3.   Once a final design is completed and approved, additional extraction may occur. 



4.   Each group will submit a final set of blueprints and completed budget for judging by the 

Panel of Fracking Experts, Mr. Guess, Mrs. Lawson, and Mr. Turner. 

The post-assessment was an ESS analysis written in five to eight-paragraph essay format.  

The students were asked to introduce the essay by explaining what Earth Systems Science is and 

what each of the spheres are.  At the start of the project, we read an article from the ESS 

documents entitled, “What is Earth Systems Science?”  The students referred to the article in 

constructing their essay introduction.   

The next paragraph answered the question, “How does the event [hydraulic fractured 

mining of natural gas] affect each of the spheres?”  Examples of the effects included: Fracking 

can release methane into the water system and into the air; fracking is suspected of causing 

earthquakes from shifting rock layers; construction of large fracking wells and mines can destroy 

habitats.  Many students named similar such effects, however, several students were able to 

supply more complex statements, such as: Fracking uses five million gammons of water per well 

per day causing water to become scarce in some areas.   

The next section of the essay answered the reverse question, “How does each sphere 

affect the event?”  This was more difficult for the students to complete without intervention from 

the teacher.  Some examples provided were: The deepness, density, and composition of rock 

layers can affect drilling; the climate of an area can affect the types of materials used because of 

rust and freezing, etc.; water sources can limit where some companies are allowed to drill; the 

inhabitants of an area may not be willing to allow drilling.  This particular exercise required 

much discussion amongst the group members.  It was at this point that the conversation began to 

bear fruit in the form of genuine knowledge of the language and concepts of ESS.  Because of 



the struggle, students of all abilities were on an equal playing ground.  It was impressive to sit in 

on those conversations and hear students communicate as scientists. 

The next section was rather lengthy as there were twelve sphere-to-sphere situations to be 

explained.  The classes conducted an article review of the National Geographic feature article 

titled, “The New Oil Landscape” (March, 2013) in order to help identify some of the 

innumerable interactions between and among spheres.  The teacher modeled highlighting in four 

different colors (one color for each of the four spheres) parts of the article that related to a 

sphere.  This strategy paid dividends and supported the students’ previous connections and 

helped to add to them.  Once again, the discussions were more advanced and their understanding 

of the ESS content and vocabulary was impressive.  Examples of the complex relationships 

about which students wrote include:  The chemicals in the water, when released, can affect the 

climate (HA); Bacteria growing in wells creates highly toxic waste gases that go into the air 

(BA); An abundance in natural gas can create jobs and improve the economy (LB); 

Methane in the air can pollute rain causing acid rain and spreading the pollution over large areas 

(AH).   

The final element of the analysis essay was an explanation of learning.  Students were 

asked to explain what they had learned about the spheres of ESS and how each sphere interacts 

with the others. Below is an example of a typical response: 

The spheres benefit and harm each other in many ways.  From 

knowing what each sphere does and what they contain, there is 

a better understanding on how they affect one another.  For 

instance, when the air is polluted, it can cause acid rain.  Acid 

rain affects the water, or hydrosphere, by contaminating it.  



The contaminated water affects the biosphere because when 

living organisms, even humans, try to go to this water as a 

water source, they can get sick and even possibly die.  Also, 

when there is acid rain, it can harm the lithosphere, or land.  

Acid rain puts chemicals and harmful fluids into the ground.  

All the spheres are affected like this and in many other ways. 

 This project was much more difficult and time consuming than I ever expected; however, 

I can honestly say that I am so glad that I participated.  There was so much that I learned about 

my students, from my students, and about how students learn.  I take pride in my teaching and in 

the fact that my students generally enjoy my classes and learn from me.  I am what one could call 

a “good teacher.”  But, this project elevated my teaching.  It forced my students to think, to 

problem-solve, to defend and support an argument.  For approximately twenty days, the students 

were immersed in thematic critical thinking in three of four core classes.  They were learning 

about a topic of which they had no prior knowledge, but which will most assuredly affect them at 

some point in their lives.  Overall, the students’ critical thinking skills showed improvement.  

When I shared the progress of the project with my district leadership team, they expressed great 

enthusiasm for the concept of problem-based learning.  Our principal was so impressed with the 

depth of learning and student engagement that he has asked that each of the four grade levels in 

our building develop at least on PBL to be taught in the 2013-2014 school year. 

 Although this project was extremely successful, it was the first run and has several areas 

which need improvement.  First of all, the pre-assessment must be given previous to ANY 

introduction on the topic in order to gauge actual prior knowledge.  Second, the post-assessment 

rubric will be shared with students and used to gather numerical data.  Finally, my goal is to 



infuse each of my three units with one PBL as a culminating event to encourage critical thinking, 

process skills, and written communication of learning.  As much as possible, I also plan to use 

spherical interactions to build connections throughout the course of the school year rather than 

solely within the confines of the project timeline. 
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