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ABSTRACT  

Project Based Learning is a version of active learning that helps improve student learning as 

well as teaching habits that promote future learning. Project Based Learning studies do tend to 

focus on either elementary school or high school studies, so the amount of studies on middle 

schoolers are much rarer. By observing middle school students, this team hopes to fill that gap 

and concluded that Project Based Learning does positively impact middle school students.  
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CHAPTER 1: INTRODUCTION  

The most common way to teach in the American public education system, lectures and exams, is 

not the best environment for learning the skills that allow students to be successful in the modern 

work environment. This system of teaching is contrasted against education focused on projects 

that students can become more interested in, known as Project Based Learning (PBL) (Solomon 

2003). Various versions of PBL have been popular for a long time, with 20th century scholar John 

Dewey talking about practical and student-centered learning as the best approach to education 

(Dewey 1902). PBL is characterized by projects that are based in the real world, teach skills such 

as gathering and analyzing data, and places an emphasis on collaboration. All of these skills are 

desirable traits, particularly in STEM fields. This type of learning is designed to be able to engage 

students and provide real world scenarios to demonstrate the importance of the subject, which 

is critical for convincing students to go along a STEM career path. Children begin deciding to enter 

STEM fields as early as age 9, so focusing on PBL in a middle school level education is vital to 

attracting the students towards STEM careers (Dorsen 2006).  The focus of this project is to 

analyze the effects of PBL on the material comprehension and interest levels of middle school 

students, especially in STEM fields, when compared to more traditional learning methods.  

 

CHAPTER 2: BACKGROUND / LITERATURE REVIEW  

2.1 What is PBL? 

PBL has a wide variety of features that differentiate it from other methods. First, the lesson 

plan is based on a project that provides an environment where either in personal or group 

autonomous work that has a result that can be presented (Jones, Rasmussen, & Moffitt, 1997). 
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Other parts of PBL, such as a teacher’s presence but not involvement, or incorporation of real-

world skills into the project, is why this learning method has such an appeal. PBL has many 

researchers describing different minute aspects that cause PBL to be differentiable from similar 

protocols. Two approaches to Project Based Learning were the basis for this project. The first 

approach to PBL that the project was based on was developed in a paper in 1998 which defined 

PBL as any lesson plan containing the following four criteria: 

1. Learning-appropriate goals, 

2. Scaffolds that support both student and teacher learning, 

3. Frequent opportunities for formative self-assessment and revision 

4. Social organizations that promote participation and result in a sense of agency   

(Barron 1998.) The other analysis of PBL that the project was based upon was John W. Thomas’ 

5 points of PBL, which are: 

1. Projects at the core of the lesson plan 

2. Focused on central concepts  

3. Investigate in a constructive manner 

4. Student Driven 

5. Realistic 

(Thomas 2000). These 9 collective points adhere to a framework that the lesson plans were 

based upon. By combining the two frameworks, the project was able to make sure that the 

more group focused points of Barron and the tenets of a strong PBL project from Thomas were 

both balanced against one another. These 9 elements are based on removing the similar yet not 

identical approaches to learning such as ‘active’ or ‘collaborative’ learning. While these 
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approaches may improve upon standards, this project was singularly focused on PBL and did 

not take those elements into account.  

 

2.2 History of PBL 

 There is a history of PBL studies that indicate the efficacy of this system. PBL’s roots 

trace far back to project-based work in architectural programs during the later years of the 

Renaissance where active learning was introduced to students. As education became more 

refined, this active learning method left these architectural schools and dispersed to other 

areas of learning such as various other trade schools. John Dewey refined the learning method 

even more in the early 20th century with lesson plans based on the principle of learning by 

doing. In the present, the approaches to learning that teachers use to develop their curriculum 

have begun moving towards project-oriented styles of learning. Analysis on PBL has shown that 

the system improves academic achievement, helps students develop a wider range of skills, and 

generally improves motivation (Harmer 2014) 

 

2.3 Massachusetts Science Standards 

The most updated version of the Massachusetts Science and Technology/Engineering 

Curriculum Framework (MSCF) includes specific criteria for science education in Massachusetts. 

The particular standards relevant for the development of the PBL experience developed as part 

of this project include: 
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MS-LS2-4 Analyze data to provide evidence that disruptions (natural or human-made) 

to any physical or biological component of an ecosystem can lead to shifts in all its 

populations.  

MS-LS2-5. Evaluate competing design solutions for protecting an ecosystem. Discuss 

benefits and limitations of each design  

These two standards fit into the characterization of the revisions as programs that, “support 

student engagement, curiosity, analytical thinking, and excitement for learning over the years 

(Chester 2016). These goals for the revisions match with the principles of PBL, especially when 

focusing on the student-led organizational structure of PBL promoting student engagement and 

continued excitation for learning opportunities. Additionally, the MSS places an emphasis on 

fixing students’ misconceptions about the world. These misconceptions can hold on despite 

showing knowledge that contradicts what they believe to be true. PBL is most effective at fixing 

this issue due to student misconceptions becoming more apparent during the project-based 

process, allowing a surveying teacher to help guide students in the right direction while 

allowing students to realize the correct choice on their own. This cohesion between teaching 

standards and optimal student learning practices make the MSCF standards ideal for testing the 

theories behind PBL. Since the two concepts line up, any consequences, positive or negative, 

will focus on PBL’s ability to teach students effectively.  
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2.4 Wetlands 

In order to best satisfy the MSCF, the project team decided that the best way to apply PBL to 

the lesson plan was to focus on a specific environment so that the background the students 

needed for the project was as minimal as possible. A wetland was chosen primarily due to the 

student’s familiarity with wetlands, considering that the school selected was located in a 

wetland. Additionally, wetlands are diverse ecosystems that are impacted by a wide variety of 

ecological disruptions. These disruptions are the focus of the first objective, MS-LS2-4, and 

responding to these ecosystem disruptions are the main focus of the second objective in the 

lesson plan. Wetlands suffer from a span of disruptions that are both natural and man-made, 

allowing students to fully grasp the tenuous nature of the biome.  If this experiment was to be 

done at different schools and different biomes, then the teacher should be encouraged to 

adapt the lesson plan to their own biome as appropriate. This flexibility is in place so that 

students can think about these changes in their own communities.  

 

2.5 Audio, Visual, Kinesthetic Learning 

 Students learn in a variety of ways beyond lectures. There are a wide variety of ways 

that students can utilize their intelligence in order to learn concepts. The Theory of multiple 

intelligences was developed in 1983 by Dr. Howard Gardner, professor of education at Harvard 

University. These different ways of understanding include: 

1. Verbal-linguistic 

2. Logical-mathematical 
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3. Kinesthetic 

4.  Spatial 

5. Musical 

6. Interpersonal 

7. Intrapersonal  

8. Naturalistic 

Different students will prefer different ways of understanding, so a lesson plan that 

incorporates multiple styles is beneficial. In order to bring as many ways of learning as possible, 

both a small lecture to introduce concepts as well as an interactive model were key parts of the 

lesson plan. The discussion at the start of class helped the more visual-linguistic learners, while 

the model wetland helped with both the kinesthetic, interpersonal, and naturalistic 

understanding of the objectives. Graphing the experiment afterwards allowed the logical-

mathematically oriented students to see the model’s disruptions in a more numeric version. 

The other versions of learning were considered less of a priority. Spatial, musical, and 

intrapersonal learning would be good for other projects designed by PBL, but this specific 

lesson plan focused on student collaboration with a physical model. Adaptations of PBL could 

easily implement these learning styles into different projects, but in order to keep the project 

focused, these styles were not a part of the lesson plan.  

 

2.6 The Project 

 The performance standards chosen for this project are MS-LS2-4 and MS-LS2-5 (see 

above) chosen from the teacher whose classes were selected for this project. These two 
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standards can be grouped into one goal; to teach students about disruptions in ecosystems as 

well as how to solve the problems these disruptions present. The project that the group 

selected was based on students building models of wetlands and simulating real world 

disruptions such as flooding or human construction projects. The model wetlands that the 

students built was based on a concept developed by Rand Water, a South African utility 

company (reference 6), with small changes made to the model. The original model utilized a 2-

liter bottle as well as dirt and sand layered to simulate a wetland, with a sprig of grass placed at 

the spout to filter the water. The dirt and sand were broken up with stones in between, not just 

at the top in order to keep the two layers better separated. Additionally, the small amount of 

vegetation at the tip of the bottle was replaced with moss all throughout the top of the model 

in order to better filter the water as well as increase the absorbance of the wetland. These 

changes were made to emphasize the functions of the wetland and to promote the wetlands 

ability to drain water, so that students would not have to build a new wetland for multiple trials 

in their experiments. After building the model wetlands, students went about responding to 

disruptions of their wetlands. Examples of these disruptions include flooding the wetland or 

simulating a construction project’s impact. By highlighting real world issues, the students are 

positively impacted by PBL and will be more engaged with the learning.  

 



   
 

14 | P a g e  
 

CHAPTER 3: METHODOLOGY 

Section 1: Objective 

We collaborated with Mary-Ann Demaria, a 7th grade science teacher at a school in Millbury, 

Massachusetts, to develop an engaging, hands-on project while still meeting the Massachusetts 

science standards. The challenge was to develop a weeklong project that supported the 

following Massachusetts STE standards.: 

1. 7.MS-LS2-4. Analyze data to provide evidence that disruptions (natural or 

human-made) to any physical or biological component of an ecosystem can lead 

to shifts in all its populations. 

 Clarification Statement: 

 • Focus should be on ecosystem characteristics varying over time, including 

disruptions such as hurricanes, floods, wildfires, oil spills, and construction. 

2. 7.MS-LS2-5. Evaluate competing design solutions for protecting an 

ecosystem. Discuss benefits and limitations of each design.*  

Clarification Statements:  

• Examples of design solutions could include water, land, and species 

protection and the prevention of soil erosion.  

• Examples of design solution constraints could include scientific, 

economic, and social considerations 

The objective of our interactive qualifying project (IQP) was to implement a unit that 

addresses the Massachusetts Science Technology and Engineering Learning 
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Standards for middle school students through project-based learning (PBL). Research 

and studies based on PBL in the classroom focuses on four principles of design: 

1. Learning-appropriate goals, 

2. Scaffolds that support both student and teacher learning, 

3. Frequent opportunities for formative self-assessment and revision, and 

4. Social organizations that promote participation and result in a sense of 

agency 

(Barron, 1998) 

Section 2: Methods of data collection 

Data was anonymously collected from the students through a pre and post content knowledge 

assessment implemented by the teacher. A science, technology, engineering, and mathematics 

(STEM) attitude assessment was also performed anonymously before and after the 

implementation of the Project.  An Institutional Review Board (IRB) was submitted and 

approved for this research by WPI. The teacher had 2 classes, Alpha block and Gamma block, 

that used our PBL unit. Alpha block consisted of 15 students, 0% using an English Language 

Learners (ELL) plan, and 47% using an Individualized Education Program (IEP). Gamma block 

consisted of 20 students, 25% using an ELL, and 20% using an IEP. Each class met 4 times a week 

for 50-minute blocks. Classroom observations were conducted annotating the students' 

engagement with the curriculum.  
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Section 3: Lesson plan development 

Disruptions of a wetland was the core of the project creating a relevance to the middle 

school students. Wetlands cover about 590,000 acres of Massachusetts, about 12% of the 

state’s area from the coastline of Cape Cod to the Berkshires (USGS, 1997). Wetlands prevent 

flooding and storm damage, improve water quality, and prevent land erosion. A wetland in its 

natural state is great at filtering runoff before the water reaches main bodies of water as well 

as absorbing excess flow. Once a wetland is disrupted, it can no longer do its job, thus leading 

to an increase in runoff, such as phosphates, and an increase in erosion, having heavy rainfall to 

cause flooding in the adjacent vicinities. Since Colonial times, almost one third of 

Massachusetts' wetlands have been destroyed (MassDEP,2020).  

The project was initially designed to assign each member of the group an expert role, a 

wildlife expert, an environmental engineer, a meteorologist, an atmospheric expert, a 

microbiologist, and a soil expert. These experts would collaborate to design a solution to a 

disruption of a wetland given to them by the teacher.  

Millbury Memorial Junior/Senior High School uses a 5E lesson plan model (Guhlin, 2019) 

emphasizing the categories of engagement, exploration, explanation, elaboration, and 

evaluation. The lesson plan was designed to be at least 5 days long but could be extended to a 

longer period if time permitted. We adapted our lesson plans to incorporate the teachers 

previously instituted student engagement tactics. Each class began with what the teacher called 

a “mindful minute” to allow students to transition from the chaos of the hallways to a focused, 

ready-to-learn mentality. An “entry ticket” and “exit ticket” was used to introduce the topic of 

the day and for students to reflect on what they had just learned.  
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  The Units are designed for which ever medium the teacher has available. Millbury 

Junior/Senior High uses google chrome books in the classroom. Chrome books have been used 

in previous Units by presenting a “Screencastify” presentation. However, other final 

presentation mediums can be used. This can include, but not limited to, a pamphlet, a poster 

board, a power-point, or a video.  

The lesson plans were designed to be adaptable for available time in the classroom.   

 

Section 3.1 Unit 1 

3.1.1 Planned Unit- Building a Wetland 

The objective of day one: 

• Understand the components of a wetland and each components purpose 

• Understand how to convert volume to mass 

• Build a model of a wetland 

The teacher would assign the students to teams of 4. These students would be working 

together and would be presenting the final project together. Students would then split their 

assigned group into 2, so that they would be working with just 1 partner during the rest of the 

activities in the week. A short PowerPoint would be presented to the students by the teacher to 

introduce the topic of a wetland and identify the components of a wetland. Students would 

take notes in their scientific journals from the PowerPoint presentation. Materials would be 

provided for the teacher. The model builds would require a dirt station, a sand station, a gravel 

station, and a moss section. Students would be given 2 handouts, a density activity and model 

build.  
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The first hand out would be a density activity. The students would be introduced to the 

mathematical definition of density and shown an example of how to use the equation. Students 

would then work with their partner to measure the density of each material: sand, gravel, dirt, 

and moss. This would be done by measuring 50mL of the material and then weighing the plastic 

beaker. The data would be annotated in their scientific journals. The densities calculated for 

this activity would be used when measuring the larger volumes of materials during the model 

assembly. See Appendix H-1 for the Density activity sheet.  

 The second handout would be the wetland model assembly. A half of a 2-liter 

bottle would be pre-cut for the students. These bottles would serve as a base for the wetland. It 

was important to choose a clear bottle so students can see the variance in layers. The students 

would measure the materials in the order specified and annotate the volumes in their scientific 

journals.  Pictures of each step would be included to provide a visual aid similar to figure A. The 

instructions provided to the students can be seen in full under appendix H 

 

Figure A: example pictures of the wetland model build 
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 Once the models were finished, the students would label them with their names 

and store them for the next unit. If time permitted, students would calculate the weight of each 

of the previous volumes measured by using the densities found earlier. If not, they would take 

it home for homework and finish the calculations.  

 

3.1.2 Implementation of Unit 1 

The pre-knowledge assessment and the STEM attitude surveys were performed anonymously 

with google forms. The teacher aggregated the data anonymously and delivered the data to us. 

A PowerPoint was used to assist the teacher in discussing with the class what a wetland was 

and how it worked. This method was used to engage the students before they built the models. 

The teacher placed the students in teams of 4. The groups were to build 2 models (2 people 

each building one model). Plastic beakers were used for measurement tools. Each group was 

given a printout of the directions of the model build. The teacher explained the activity 

beforehand and emphasized the specific measurements for each material and the importance 

of following the directions for the sake of order of materials for the build. The density lab was 

not performed due to lack of time.  

Gamma block was the first class. Students were excited to have a new person in the 

room and participated whenever asked engaging questions. Such as what is a wetland? 

Students answered this by referring to the everglades in Florida. Once that was said, this 

triggered other students to answer things such as bogs, or a really wet piece of land, flat, etc. 

The next slide introduced three benefits of a wetland. Students had scientific notebooks in 
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which they were supposed to take notes, such as the amount of material needed for each step 

in the model build. Figure 1 shows the students assembling the models at different stations. 

 

Figure 1: Students assembling models 

   

 Alpha block lost 15 minutes of the first unit due to a medical emergency lockdown. They 

rushed through the presentation portion to ensure adequate time to complete the model 

build.  

 

3.1.3 Observations 

 In future lesson plans, the pre-knowledge assessment and the STEM attitude survey 

can be given to the teacher beforehand and be done on a previous day. This took more 

time than previously allotted. During the brief discussion at the start of class, not many 

students knew wetlands existed in Massachusetts  
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There were a lot of distractions during the transition from one activity to another. 

For example, once the students were finished with both assessments, they were asked 

to quietly place the chrome books back to their stations and return to their seats for 

further instructions. Students would take their time putting away the chrome books and 

would have to be told multiple times to settle down and listen for further instructions. 

The teacher explained the activity beforehand and emphasized the specific 

measurements for each material and the importance of following the directions for the 

sake of order of materials for the build.  

Students still started assembling the models in the wrong order and had to be 

guided by the teacher to read the instructions. Three adults assisted in guiding the 

students. Some of the students wouldn’t take their time to measure what was specified. 

Other students were playing with the materials, such as submerging their hand into the 

sand basin. Once the students were through the first two stations, the flow was more 

fluent. In future setup, it would be beneficial to have two separate sand stations to 

prevent a bottleneck effect on the model completions.   

 

3.1.4 Teacher alteration 

The teacher made an alteration in the lesson plan for day 1. Instead of the density lab, 

she created a flow chart activity lab called “Our wetlands, our world” (California Coastal 

Commissions). In the same groups from day 1, stations were made of different habitat 

card descriptions. The students had to use the flowchart provided to figure out the type 

of wetland it was describing.  

 This was a useful addition to the lesson plan. It exposed the students to the 

multiple types of wetlands that exist.  
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3.2 Unit 2 

 

3.2.1 Planned Unit- Disruptions of an ecosystem 

The objective of day two: 

• Cause disruption of model with given scenarios 

• Collect quantitative and qualitative data 

• Collaborate with team members to design a solution for disruption 

Prior to any of the scenarios, the models would have to be saturated with water to mimic 

a wetland. Students would perform the scenarios in the following order: construction, 

flooding, mining, and vegetation loss.  

 

Scenario 1 would be a construction disruption. Wetlands can absorb a large 

quantity of water, thus preventing flooding in nearby areas. Construction disrupts the 

wetland and thus affects its absorption capabilities. Students would demonstrate this by 

placing a square piece of plastic to represent concrete in their model. The pieces of 

plastic would be pre-cut in 6cm by 6cm squares prior to class. Each model would 

require 4 pieces of plastic. Following the handout given to the student, they would 

remove the vegetation where the plastic would be placed and pour 100 mL of water 

over the sheet of plastic timing how long it took for the water to reach the nozzle. The 

students would use a control by timing 100mL of water poured over an undisturbed 

ecosystem. Next, removing moss the size of the plastic next to the first piece, and 

repeating the experiment, taking note of the time it took each time a piece of plastic was 

added. The handout would include a table where the students would annotate the 
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number of houses and the time it took for water to exit the nozzle. The data collected 

would be used for the following days unit. In this scenario, students would learn about 

collecting quantitative data. 

 

Scenario 2 would be a flooding scenario. Students would measure and pour 300 

mL of water directly over the model and observe the absorption rate of the water. They 

would annotate in their scientific journals for the following:  

• Where does the water go?  

• Does it spill over the edges of the model?  

• In a real-world flood over a wetland, how would a wetland be affected?  

• Discuss with your group the different possibilities. How could you help restore the 

wetland after the flood? 

Scenario 2 would teach the students about collecting qualitative data.  

 

Scenario 3 would be mining sand in the wetland. Students were to remove a 

large chunk of sand by the nozzle. They would pour water onto the model and observe 

the new flow path. They would annotate in their scientific journals for the following: 

• Describe the waters interaction with the hole. (is more sand taken away with the 

water?)  

• Can you think of other scenarios that cause erosion to an ecosystem? 

• What are some preventative things that can be done to minimize the erosion in 

an ecosystem? 

• Could the wetland be fully restored with the mine still there? 

Scenario 3 would teach the students about collecting qualitative data.  
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Scenario 4 would be loss of vegetation due to a high traffic footpath. One of the 

benefits of a wetland is filtration. With the vegetation removed from the ecosystem, the 

quality of filtration is significantly worse than the undisturbed ecosystem. Students 

would mix dirt and water and pour over the unaffected model, collecting an output 

sample. students would then remove all of the moss to mimic a high foot traffic path and 

repeated the dirt water mixture over the model and collected an output sample. 

Students would compare the unaffected wetland filtration to the affected wetland 

filtration capabilities. This scenario would be another lesson of qualitative data 

collection.  

Students would hold a short discussion with their team of possible solutions for 

the scenarios.  

If all 4 scenarios were completed early by the students, additional work would be 

assigned that could either be performed in class or at home per the preference of the 

teacher. The additional work would include the students measuring the surface area of 

their model. Clear instructions and an example would be provided for them to follow. 

This would be used to find the percentage loss of land per house. Ideally, they could 

use these values for graphing in the next unit.  

 

3.2.2 Implementation of unit 2 

Day 2 had complications outside of the classroom control. The day started as a 

late day due to snow, followed by a medical emergency which locked down the 

classrooms. Gamma block had only 25 minutes in class.  The teacher modified the 
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lesson to do a class demonstration with one model of each of the scenarios so that the 

students would be prepared the following day as shown in figure 2.  

After the first class performed the scenarios, it was noted that it was very difficult to 

restore the model to its previous nature after the mining scenario was completed. The 

mining scenario was thus moved to the last scenario for Gamma block class  

 

 

Scenario 1: Each student collected data with their partner. With the model 

saturated, it was difficult for some of the students to know which water drops to stop the 

timer. They were told to stop the timer when a steady stream emerged out of the nozzle. 

Further clarification should be added to the instructions for future use. The teacher 

collected each of the groups data to have a set of class data. 

Figure 2: Demonstration of Scenario 1  



   
 

26 | P a g e  
 

 

Scenario 2: Students didn’t have any issues with this scenario.  

 

Scenario 3: The ratio of sand that was removed from the models varied. Some 

students removed just enough to expand the opening of the nozzle. Other students 

removed almost half of the sand, making it impossible for them to put the sand and dirt 

back without mixing.  

 

3.2.3 Teacher alteration 

The overall project was implemented in December in Massachusetts. Due to heavy 

snowstorms, Millbury middle school was closed for 2 snow days. For Day 2, the teacher 

created lab stations of habitat cards describing what type of wetland it was describing. 

The students used a flow chart provided and with team collaboration, selected the 

correct choice. (our wetland, our world activity). The unit of wetland disturbance was 

performed the following day. 

 

 

3.3 Unit 3 

 

3.3.1 Planned Unit- Graphing the data 

The objective of day three: 

• Define what is a graph 

• Identify the parts of a line graph, a bar graph, and a pie graph 

• Examine various graphs and interpret the information 



   
 

27 | P a g e  
 

• Determine which type of graph is appropriate for representing a 

given set of data presented 

• Graph the data collected from unit 2 

• Complete the activity of selecting the appropriate graph for the 

given data and justify reasoning 

• Analyze data to provide evidence that disruptions to any physical or 

biological component to an ecosystem can lead to shifts in all its 

populations 

 

A short PowerPoint presentation would be presented by the teacher. It would 

define what a graph was, the important aspects of a graph, the various types of graphs, 

and tips on making a good graph. It would also include an example of a poorly executed 

graph and a well-made graph.  

 Students would be expected to graph the data collected from unit 2. The 

first graph they would make would be from unit 2, scenario 1, the construction 

disruption. The data collected would be the number of houses versus the time it took for 

water to exit the nozzle. This would be graphed in the student's scientific journals. 

Students would decide the appropriate graphing method. These graphs would be used 

in their final presentations.  

Finally, the students would complete an activity sheet. The activity sheet would 

include 3 questions. The first question would ask to select the graph that best matches 

the information. The paragraph would contain the average rainfall in Millbury, 

Massachusetts. 2 line graphs would be provided. Students would provide supporting 

reasons as to why they chose the answer chosen. The 2nd question would include pie 
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charts. A breakdown of the wetland types in Massachusetts is described in the 

paragraph. Students would once again select the appropriate answer and justify which 

graph best supports the data. Finally, the 3rd question would include a bar graph. 

Students would have to rank 4 states in order from greatest loss of wetland acreage to 

least loss of wetland acreage over the years.  

For homework, or if students finished early, students were to find a wetland near 

their house and see how it plays a role in their life. A website would be provided for 

them to visit that showcased all of the wetlands in Massachusetts.  

 

3.3.2 Implementation of unit 3 

 

When graphing the data of unit 2, the students used excel or google graphs to 

execute the task. The quality of work across the students varied. Some students 

followed the directions and graphed their data and the class data as shown in figure 3.1. 
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Other students only graphed their data, and some students provided no graphs.

 

Figure 3.1: example of unit 2 graphed data 

 

 

The same quality range applied for the activity sheet as well. Students were 

asked to justify why they chose the answer they did. Some students were very 

descriptive justifying their answer as shown in figure 3.2. Other students were vague in 

their reasoning as shown if figure 3.3. 
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Figure 3.2: descriptive answer for activity 3 

 

 
Figure 3.3: vague answer for activity 3 

 

The homework activity was not completed due to lack of time. This was where 

students were to use the website provided to see what wetlands existed near their 

homes.  

3.3.3 Observations 

No observers were present for this day.  
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3.4 Unit 4 

3.2.1 Planned Unit- Making the presentations 

The objective of day 4: 

• Students will discuss wetlands near their homes to identify local wetlands 

and their purpose 

• Students will collaborate to create a presentation that portrays solutions to 

the scenarios provided.  

Students would work in the groups assigned from unit 1. Together, they would create a 

medium (a poster, a PowerPoint, etc.) to include a title, pictures of their model with 

captions, the graphs from unit 3 with an explanation of the data, and a discussion of the 

results from unit 2. A rubric would be provided displaying the expectations of the 

projects. The rubric was based on 4 sections: information, Solution, Teamwork, and 

Respect of each other. A point system was designed 1 point to 4 points, 4 being 

exceeds expectations and 1 being unsatisfactory of said section.  

3.2.2 Implementation of Unit 4 

Students created Screencastify presentations using a PowerPoint style.  Time 

constraints for this classroom and snow days affected the depth of which students 

would have to thoroughly complete the project. The final project still consisted of group 

collaboration and a scenario while still using the ideas of the expert roles.  

 

CHAPTER 4: RESULTS AND ANALYSIS  
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4.1 Theory to Practice 

 
Project based learning allows for a broad range of learning styles for middle school 

students. This style of learning accommodates and challenges each student to his or 

her potential. With the small survey group (n=40) and a short time constraint of 5 days, 

it is difficult to draw to a conclusion of the impact of project-based learning on middle 

school students. However, after discussing with the teacher of prior implementations of 

the units satisfying the Massachusetts science standards, the teacher has confirmed 

her impression of the effects of PBL on the students. Using qualitative measures as an 

observer of the class, we noticed that the students were excited and eager to learn what 

they would be doing for the units. The responses of the students could have been 

influenced by outside guests in their classroom, in fact, most likely this is to be the case. 

An observer was present for the implementation of unit 1 and unit 2, these were the 

assemblies of the wetland models and the disruptions inflicted upon them. Based on 

observations alone, the students worked well with the teams assigned to them. As in 

most classrooms, there were students who were more eager to play with the materials 

than to use them appropriately. However, with slight guidance, they were back on task. 

Frequently, the teacher reiterated the importance of reading the instructions when 

building the models. The students were eager to start their assemblies with little regard 

to how they should approach the task. However, at the end of the class, all groups 

successfully completed assemblies. 

The final presentations from the groups varied on a quality product. As seen in 

Appendix E, the final projects ranged from only presenting a portion of the data to 

presenting personal data from their group and comparing to the class data. Similarly, 
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the solutions for the disruptions of wetlands also ranged from “just don’t do it”, to a 

viable solution for the disruptions specified in unit two. From Appendix E, the group did 

an excellent job describing the empirical data collected. They included both the class 

data and the group data. The solution they chose to mitigate flooding in a wetland would 

be to add more sand. The second groups data presented only the groups data. 

However, they did an excellent job correlating the relationship between the components 

of a wetland and how to mitigate disturbing it. They suggested building houses on stilts 

to minimize the disruption.  

 

4.2 Surveys 

Pre and post knowledge assessments were performed through google surveys to get a 

baseline of what the students understood before and after the PBL unit. Similarly, a pre 

and post STEM attitude survey was performed anonymously before and after the PBL 

unit.   

 

4.2.1 Pre and Post Test assessment 

A pre knowledge assessment was implemented prior to engaging in the unit plans. The 

same questions were asked in a post knowledge assessment after the final 

presentations.  

 
The following questions were asked to the students: 
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1. What is a wetland? a.  A treeless area beyond the timberline in high-
latitude regions, having a permanently frozen subsoil and 
supporting low-growing vegetation, such as lichens, 
mosses, and shrubs. 
b.  A low area saturated with water. 
c. An arid land with usually sparse vegetation 
d. A growth of trees and other plants covering a 
large area.  

2.  Wetlands can make water 
cleaner to drink 

a.  True  
b.  False 

c. Wetland areas can be 
damaged by: 

a.  Local water runoff 
b.  Mining  
c.  Natural disasters 
d.  All of the above  

4.  The x axis is on the 
bottom of most graphs 

a.  True 
b.  False  

5. Select the following that 
are benefits of a wetland (can be 
more than one answer): 

a. Improved water quality 
b. Flood protection 
c.  Increased runoff 
d. Preventing shoreline erosion 

 
 
 
 
 

https://www.merriam-webster.com/dictionary/arid
https://www.merriam-webster.com/dictionary/sparse
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 Figure 5: pre and post knowledge assessment 

 

Each question shows an improvement of the correct responses post unit. An  

 

4.2.2 STEM attitude survey results 

 

A pre-attitude STEM survey was given to the students prior to the implementation of the unit. 
After the 5-day unit lesson plans, a post-attitude STEM survey was given to the students 
containing the same questions listed below. A full survey can be found in Appendix B. 
 
 
Science:  
 
Q1 Science is exciting. 
Q2 Science is my favorite subject 
Q3 I am sure of myself when I do science 
Q4 I would consider a career in science 

Q5 I expect to use science when I get out of school 

Q6 I care about learning about science 

Q7 Science is an important subject 

Q8 Science is my worst subject 

Q9 I look forward to science class 

Q10 The skills I am learning in science could be important to my future career 
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Engineering and Technology: 
 
Q1 Engineering sounds exciting 
Q2 I know what engineering is 
Q3 Technology is exciting 
Q4 I want to learn about engineering in high school and/or college 
Q5 I am interested in what makes machines work 
Q6 I like (or would like) to build/fix things 
Q7 I am curious about how electronics work 
Q8 Physics interests me 
Q9 I would like to use creativity and innovation in my future work 
Q10 Computer science sounds interesting 
Q11 I would consider a career in an engineering field 
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Math: 
 
Q1 Math is exciting. 
Q2 Math is my favorite subject 
Q3 I am sure of myself when I do Math 
Q4 I would consider a career that uses a substantial amount of math 
Q5 I expect to use math when I get out of school 
Q6 I care about learning about math 
Q7 Math is an important subject 
Q8 Math is my worst subject 
Q9 I look forward to Math class 
Q10 It is important to use math in science classes. 
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4.3 Interview 

 

After the 5-day Unit, an interview was performed with the teacher. In this interview, we sought 

for the teacher’s feedback. We asked about past approaches to the unit to satisfy MS-LS-2-4 

and MS-LS-2-5 and typically classroom atmosphere. In previous implementations, the teacher 

deployed an erosion project. The teacher would use gutters filled with sand to study the effects 

of erosion. However, the teacher thought the project we brought forth was better at satisfying 

the Massachusetts science standards. The teacher typically has a hands-on approach in her 

current classroom style, so adapting to our project-based learning style in her classroom 
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deemed not too difficult. She was asked about her suggestions to adaptations if it were to be 

implemented again. Her answer was clarifying qualitative data and quantitative data, especially 

relating to unit 2. A weakness in our lesson plan was the project end product not being what 

was expected. She thought this was due to time constraints and rushing. Further, to provide 

further supporting information for future implementations, it was suggested by the teacher to 

add more connections to wetlands, such as videos of various examples of wetlands. Due to the 

heavy snowstorms disrupting the implementations of the units, the teacher thought if the units 

were performed at a different time, they would have been able to perform all of the desired 

activities. Unfortunately, the time for the website and the density activity were lost. We asked 

about previous time allotted for these standards in past classes, it was stated that at least a 

week was given as well. To understand the student-to-student relationship, we asked that with 

small groups, does she feel students carried an equal amount of work as their peers. The 

teacher's response was, “Absolutely not equal. Some students will depend on others to pick up 

their slack.” However, she stated that she would absolutely utilize this lesson plan in future 

classes and would, in the future, look forward to working with WPI again. For the full interview, 

see Appendix F. 

4.4 Discussion 

4.4.1 Analysis and Interpretation 

In order to gauge the student's comprehension of the material, pre and post lesson quizzes 

were used to analyze if the students were able to learn the material (Fig 5). The questions 

asked were chosen because they highlight the key points that the project wanted to cover. 

These points include the students understanding what a wetland is and their role in the 
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ecosystem as well as understanding the basics of graphs and analyzing data. The students post-

survey answers were higher by 9.5% on average. This indicates that the students were able to 

learn the lesson objectives,  

 

Additionally, attitude surveys for science, math, and engineering were sent out before and after 

meeting the class to analyze student engagement with the material.  These attitude surveys 

helped to highlight the student's impressions of the stem field. In the science attitude survey, a 

large majority of answers were either neutral or agree. Similarly, the engineering, technology 

and math survey results were average.  

 

4.4.2 Validity of Interpretation 

Overall, our team feels the project was executed well under the circumstances faced. Some 

contributing factors were the multiple snow day interfering with the time constraints. The 

snowstorms caused the units to be performed days apart. Along with this, the teacher had to 

adapt her lesson plans with the snow interference to accommodate all lectures. Some class 

times were split between the units we provided and other units she had scheduled.  The lack of 

available time caused the class unable to perform the task of looking up their house to see what 

wetlands exist near their home. We feel this exercise was important to allow the students to 

see a connection that wetlands existing near their homes as well and the importance to 

mitigating our impact to wetlands. 
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The pre-surveys were given prior to implementing the lesson plans. However, the post survey 

attitude survey wasn't given to the students until after their winter break. The STEM attitude 

survey our team gave the students was very long. We had a category for science, technology 

and engineering, and math. In future executions of this research, it would be recommended to 

either give the surveys to the teacher so the students may perform them in their own time or to 

provide shorter attitude surveys to the students.  

CHAPTER 5: CONCLUSION AND RECOMMENDATIONS  

5.1.1 EFFECTIVENESS IN TEACHING 

The overall project satisfied the standards of LS-MS-2.4 and LS-MS-2.5. It is difficult to compare 

any change in participation of students from previous units as we were not there to observe 

prior lesson plans. However, from the interview with the teacher, it was stated that although 

the groups were small, there were those same students who still depended on their peers to 

“pick up their slack”. From an outside perspective, the students were fully engaged and excited 

to participate and learn from the project-based learning curriculum. The students responded 

well in adapting to changes made in the day’s lessons. Some of the vocabulary used to describe 

a wetland and its benefits were difficult for some of the students to understand. Further 

clarification from the teacher was added so that all students understood fully. More time could 

be spent on approaches to mitigate wetland disturbances to show students what is currently 

being done. Articles were provided for the students to look through, however, with all the 

disruptions in the class time already, there was no time left. The teacher stated she would use 

our units for future implementation of LS-MS-2-4 and LS-MS-2-5. 
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5.1.2 ACCESSIBILITY OF RECREATION 

One overarching goal of the project was to allow it to be recreated with ease to be used 

anywhere. Overall, our team spent about $25 on supplies. The $25 went toward purchasing 

aluminum tins, moss, 2 50-pound bags of gravel, and 2 50-pound bags of sand.  The 2-liter 

bottles we used in our project was generously donated by O’Hara’s liquor store in Worcester, 

Massachusetts. Though, these bottles can also easily be brought in by the students. The plastic 

we used to imitate concrete was plastic pellet stove bags cut up from home. However, any 

other material can be used that is not absorbent. The lesson plans can be adapted to the time 

constraint the teacher has.  

 

 

 
5.1.3 Future Implementation  
 

As with any prototype, adaptations to the original lesson plan will most likely occur. For our 

project to be used by future middle school science teachers, our team would add more time for 

a full 5-day lesson plan. As mentioned previously, we need to add more examples of wetlands 

and possibly videos. Our unit did not cover animal migrations in wetlands; however, this 

adaptation could easily be added as another day extension. More concrete examples of ways to 

mitigate disruptions of a wetland would be beneficial for the students to make a connection. 
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Also, we would alter our design to embrace the engineering design process when the students 

are developing solutions for the disruptions.  

 

5.1.4 Final Remarks 

 

It is hard to conclude whether project-based learning differs from traditional learning based on 

our surveys alone. However, based on the teacher’s feedback and our self-made observations, 

we can say that the students enjoyed coming to class and were eager to learn. Project based 

learning challenges students to think in a non-traditional way and allows them to use their 

creativity to find a solution for said issue. It accommodates for different style learners, whether 

it be kinesthetically or audibly.  Through project-based learning, students are challenged to 

collaborate with their peers and tackle real-life challenges based on issues in the outside world.  

 

 

  



   
 

44 | P a g e  
 

 
REFERENCES  

[1] Solomon, G. (2003). Project-based learning: A primer. TECHNOLOGY AND LEARNING-
DAYTON-, 23(6), 20-20. 
 
[2] Dorsen, J., Carlson, B., & Goodyear, L. (2006, February). Connecting Informal STEM 
Experiences to Career Choices: Identifying the Pathway. Retrieved from 
http://www.yingtrsef.org/wp-content/uploads/ITEST_Literature-Review-Stem-careerchoice-
2.pdf 
 
[3] Dewey, J. (1902). The child and curriculum. Chicago, IL: The University of Chicago Press. 
 
[4] Jones, B. F., Rasmussen, C. M., & Moffitt, M. C. (1997). Real-life problem solving.: A 
collaborative approach to interdisciplinary learning. Washington, DC: American Psychological 
Association.  
 
[5] Chester, M. D. 2016 Massachusetts Science and Technology/Engineering Curriculum 
Framework, 2016 Massachusetts Science and Technology/Engineering Curriculum 
Framework60–64 (n.d.) 
 
[6] Water Wise Education. (n.d.). Retrieved January 25, 2020, from 
http://www.randwater.co.za/CorporateResponsibility/WWE/Pages/WetlandModel.aspx 
 
[7] Barron, B.J., Schwartz, D.L., Vye, N.J., Moore, A., Petrosino, A., Zech, L., & Bransford, J.D. 
(1998). Doing with understanding: Lessons from research on problem- and project-based 
learning. Journal of the Learning Sciences, 7(3-4), 271-311. 
 
[8] Thomas, J. W. (2000). A Review of Research on Project Based Learning. A Review of Research 
on Project Based Learning, 1–46. Retrieved from 
https://my.pblworks.org/system/files/documents/John_Thomas_2000_PBL_Research_Review.
pdf 
 
[9] Guhlin, M. (2019, December 5). Lesson Planning: 5E Model Technology • TechNotes Blog. 
Retrieved February 15, 2020, from https://blog.tcea.org/lesson-planning-5e-model/ 
 
[10] National Water Summary on Wetland Resources. USGS (1997, March 7). Retrieved from 
https://water.usgs.gov/nwsum/WSP2425/state_highlights_summary.html 
 
[11] Protecting Wetlands in Massachusetts. MassDEP (2020). Retrieved from 
https://www.mass.gov/guides/protecting-wetlands-in-massachusetts#-introduction- 
 

http://www.yingtrsef.org/wp-content/uploads/ITEST_Literature-Review-Stem-careerchoice-2.pdf
http://www.yingtrsef.org/wp-content/uploads/ITEST_Literature-Review-Stem-careerchoice-2.pdf
http://www.randwater.co.za/CorporateResponsibility/WWE/Pages/WetlandModel.aspx
https://my.pblworks.org/system/files/documents/John_Thomas_2000_PBL_Research_Review.pd
https://my.pblworks.org/system/files/documents/John_Thomas_2000_PBL_Research_Review.pd
https://blog.tcea.org/lesson-planning-5e-model/
https://water.usgs.gov/nwsum/WSP2425/state_highlights_summary.html
https://www.mass.gov/guides/protecting-wetlands-in-massachusetts#-introduction-


   
 

45 | P a g e  
 

[12] Denig, Stephen J. "Multiple intelligences and learning styles: Two complementary 
dimensions." Teachers College Record 106.1 (2004): 96-111. 
 
[13] OUR WETLANDS, OURWORLD. (2004).  California Coastal Commission. Retrieved March 9, 
2020, from https://www.coastal.ca.gov/publiced/UNBweb/owow_entire.pdf  
   

  

https://www.coastal.ca.gov/publiced/UNBweb/owow_entire.pdf


   
 

46 | P a g e  
 

APPENDIX A: PRE AND POST KNOWLEDGE ASSESSMENT  

1. What is a wetland? 

a.  A treeless area beyond the timberline in high-latitude regions, having a 

permanently frozen subsoil and supporting low-growing vegetation, such as 

lichens, mosses, and shrubs. 

b.  A low area saturated with water. 

c. An arid land with usually sparse vegetation 

d. A growth of trees and other plants covering a large area. 

2.  Wetlands can make water cleaner to drink 

a. True  

b. False 

3.  Wetland areas can be damaged by: 

a. Local water runoff 

b. Mining  

c. Natural disasters 

d. All of the above 

4.  The x axis is on the bottom of most graphs 

a. True 

b. False 

5.  Select the following that are benefits of a wetland (can be more than one answer): 

a. Improved water quality 

b. Flood protection 

https://www.merriam-webster.com/dictionary/arid
https://www.merriam-webster.com/dictionary/sparse
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c. Increased runoff 

d. Preventing shoreline erosion 
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APPENDIX B: STEM ATTITUDE SURVEY 
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APPENDIX C STUDENT DATA EXAMPLES 

Anonymous A: 

 

Anonymous B: 
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Anonymous C: 

 

Appendix D Activity sheet 3 student Answers 

Activity 3 Anonymous A 
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Activity Anonymous B 

 

 

 

APPENDIX E FINAL PROJECT EXAMPLE 

Project Example Group A 
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Project Example B 
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APPENDIX F: INTERVIEW QUESTIONS WITH 7TH GRADE MIDDLE 
SCHOOL SCIENCE TEACHER 
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APPENDIX G LESSON PLANS 

 

Teacher: MaryAnn DeMaria  

Date: Day1  

Duration: 50 minutes 

Subject/ grade level: Science/ 7th grade  

Materials: 
• Scientific journals 
• 2-liter bottles 
• Coarse grain sand 
• Dirt 
• Moss 
• Gravel 
• Beaker (250mL) 
• ruler  

NC SCOS Essential Standards and Clarifying Objectives: MS-LS2-4, MS-LS-5 
    Analyze data to provide evidence that disruptions (natural or human-made) to any physical or 

biological component of an ecosystem can lead to shifts in all its populations. 

 
     Evaluate competing design solutions for protecting an ecosystem. Discuss the benefits  and 

limitations of each design. 

  

Lesson objective(s): 
• Students will be assigned groups project 
• Students will be able to understand the components of a wetland and each 

component's purpose. 
• Students will understand how to convert volume to mass 
• Build a model of a wetland 

  

Differentiation strategies to meet diverse learner needs: 
• Provide examples of scientific journal entries 
• Provide visual aid of final model  
• Extra time for completion of model 

  

ENGAGEMENT 
Students will be given their roles for the end of week presentation. The overall scenario will be 
a hurricane affecting the wetland. 
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Pre-lab questions: 
• What is a wetland? Do any students have an example of where a wetland is in their 

areas  
• Name some benefits of wetlands (group discussion) 
• In what order do you think the materials should go when building the model? Explain. 

 

  

EXPLORATION 
Measuring Lab: 2 wetland models will be built. A model with all of the components will 
represent an undisturbed wetland. The other model will represent a disruption in the wetland. 
Students will be weighing a certain amount of each material and annotating the amounts in 
their scientific journal. These models will be used for the rest of the week to model 
disruptions. 

ELABORATION 
•Students will be developing their lab skills of measuring length 
 
Label the bottle with moss as model 1. Label the bottle without the moss as model 2.  

EVALUATION 
Post-lab questions: 

• What is the importance of measuring the same amount of sand for each model? 
Wetland models will be used for the rest of the week as tools to model disruptions on a small 
scale.  
 

  

 

 

Teacher: MaryAnn DeMaria  

Date: Day 2  

Subject/ grade level: Science/ 7th grade  

Materials: 
• Scientific journal 
• Plastic tub (big enough to hold model) (used for retaining water) 
• Graduated cylinder/beaker  
• Wetland models 
• Water 
• Dirt 
• plastic sheets (Cut into 6cm by 6cm square) 

 

  

NC SCOS Essential Standards and Clarifying Objectives: MS-LS2-4, MS-LS-5 
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    Analyze data to provide evidence that disruptions (natural or human-made) to any physical or 

biological component of an ecosystem can lead to shifts in all its populations. 

 
     Evaluate competing design solutions for protecting an ecosystem. Discuss benefits  and limitations 

of each design. 

  

Lesson objective(s): 
• Students will be able to visualize a disruption of their model wetland and will 

collaborate with one another to resolve the damage caused by disruption.  
• Scenarios: Construction, flood, mining, house runoff 

  

Differentiation strategies to meet diverse learner needs: 
• Group work 
• Directions 
• Visuals 
• Example of scientific journal entry for each scenario 

ENGAGEMENT 
Teacher will hand out a scenario to each group.  
 
Scenario 1 is a construction company building on top of a wetland. Students will collaborate 
to build where it is least impactful. A 6cmx6cm in sheet of plastic will represent the 
construction site. 1.Students will pour 100mL of water onto model and observe the water 
path, writing their observations of the quantity of water coming out of the mouth of the bottle 
collected by the graduated cylinder under the mouth of the bottle. 
2. Students will continue to add Legos and/or sheets of plastic until a noticeable difference in 
water runoff is distinguished.  
3.Ensure students log the amount of water collected with each addition of housing. (data will 
be graphed the following lesson plan) 
 
Scenario 2 is a flood in the area. Students will add 300mL of water to their wetland. How fast 
is the water absorbing? does the water overflow over the model edges? 
 
Scenario 3 is a sand mining company. A large hole will be placed toward the opening mouth 
of the wetland model. Students will pour 100mL of water onto the model and observe the 
water path. Describe the waters interaction with the hole. (is more sand taken away with the 
water?) 
 
Scenario4 high traffic footpath in the wetland has cause partial loss of vegetation. Students 
will be performing a filtration lab.  
In the immediate groups, 2-3 people per model. One group will get the model with the moss. 
The other participants of the group will get the model without the moss or vegetation.  
You are now ready to perform the experiment! 
 
Experiment: 

1. In a graduated cylinder, measure 100mL of water 
2. Pour water into beaker 
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3. Gather about 2 tablespoons of dirt 
4. Pour dirt into the same beaker as the water 
5. Stir the dirt and water so that the dirt dissolves in the water 

a. Annotate in journal the appearance of the dirt and water solution. 

 
6. Pour the water and dirt solution onto the gravel at the back of model 1.  
a. Observe the path of water. Did it go straight through the gravel and sink through the 
sand? Did the water go to the outskirts of the bottle’s edges? 
7. Repeat step 1 through step 8 until water begins to pour out the mouth of the bottle.  
8. Annotate the color of the liquid.  
9. Compare the sample from before it entered the model to the sample post model. 
 . What visual differences do you see? 

 
Once both groups are finished, compare clarity of samples of the final liquid post model. 
Discuss clarity, color, and measurements. Discuss why you see a difference between the 
model samples.  
 

  

EXPLORATION 
•scenario 1 demonstrates the loss of wetland absorption by replacing the wetland surface with 
concrete (the plastic in the model) 
Scenario 2 demonstrates overflow and the importance of the absorption capabilities of a 
wetland.  
Scenario 3 demonstrates erosion of a wetland 
Scenario 4 demonstrates loss of vegetation and why the plants are important by providing 
filtration and slowing down water streams.  
  

ELABORATION 
•students will use their expert roles in each of the scenarios to discuss the impact on the 
wetland, how they will resolve the disruption on the wetland, and what can be done in future 
cases to either prevent or mitigate the impact on the ecosystem. 
 

 

  

EVALUATION 
•Students will be able to visualize a disruption of their model wetland and will collaborate with 
one another to resolve the damage caused by disruption.  
 

 

  

 

 

 

Teacher: MaryAnn DeMaria  
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Date: 12/5/2019  

Subject/ grade level: 7th grade, Science 

Materials: 
• Scientific Journals 
• Student data from day 2 
• A straight edge (ruler)  

NC SCOS Essential Standards and Clarifying Objectives: MS-LS2-4, MS-LS-5 
    Analyze data to provide evidence that disruptions (natural or human-made) to any physical or 
biological component of an ecosystem can lead to shifts in all its populations. 
 
     Evaluate competing design solutions for protecting an ecosystem. Discuss the benefits and 
limitations of each design.  

Lesson objective(s):  
Identify graphs and their matching written information to each other 
 
Create graphs that describe the student’s data from Day 2.    

Differentiation strategies to meet diverse learner needs: 
-Extra time to complete objectives(50%more) 
-Examples of what we are looking for 
-Check list of graphic organizers 
-Chunking of information (break down tasks into smaller chunks) 
-Copy of notes 
-Directions, preview read aloud 
-Word banks 
-Visuals 
-Scaffolding (framework supports of lesson plan) 
-Teacher facilitated group  

ENGAGEMENT 
• Describe how the teacher will capture students’ interest. 
By using the student’s personal data, the students will be interested in the results.  
• What kind of questions should students ask themselves after the engagement? 
 
 
  

EXPLORATION 
• Describe what hands-on/minds-on activities students will be doing.  
After a discussion about graphs (x and y axes, line vs bar), the student’s will take their data 
and reform it into a graph 
• List “big idea” conceptual questions the teacher will use to encourage and/or focus 
students’ exploration 
When should bar graphs be used over line graphs? 
Why would the X-axis have the dependent variable?  
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ELABORATION 
• Describe how students will develop a more sophisticated understanding of the 
concept. 
• What vocabulary will be introduced and how will it connect to students’ observations? 
X/ Y axis, Bar/Line Graph, Dependent/Independent Variable 
All of these will be utilized with visual aids and creating their own graphs 
• How is this knowledge applied in our daily lives? 
Graphs are the most common way to format data both in academic and common usages.  
 
  

EVALUATION 
• How will students demonstrate that they have achieved the lesson objective? 
Graphs will be generated that accurately reflect the student’s data   

 
Exit Ticket: Students will turn in their graphs they made that day 
Homework: Find a wetland nearby their house at 
http://maps.massgis.state.ma.us/images/dep/omv/wetviewer.htm to look into how wetland play a 
role in their life. 
 

 

Teacher: MaryAnn DeMaria  

Date: 12/6/2019  

Subject/ grade level: 7th grade, Science  

Materials: Poster Board, Markers, computers (screencastify program)  

NC SCOS Essential Standards and Clarifying Objectives: MS-LS2-4, MS-LS-5 
    Analyze data to provide evidence that disruptions (natural or human-made) to any physical or 

biological component of an ecosystem can lead to shifts in all its populations. 

 
     Evaluate competing design solutions for protecting an ecosystem. Discuss the benefits  and 

limitations of each design.  

Starting Action: The Mindful minute 

Lesson objective(s): 
 
Students will discuss wetlands near their homes in order to identify local wetlands and their 
purpose 
  
Students will collaborate to create a poster that portrays solutions to the scenario provided.   

Differentiation strategies to meet diverse learner needs: 
-Extra time to complete (50%more) 
-Examples of what we are looking for 

http://maps.massgis.state.ma.us/images/dep/omv/wetviewer.htm
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-Check list of graphic organizers 
-Chunking of information (break down tasks into smaller chunks) 
-Copy of notes 
-Directions, preview read aloud 
-Word banks 
-Visuals 
-Scaffolding (framework supports of lesson plan) 
-Teacher facilitated group  

ENGAGEMENT 
• Describe how the teacher will capture students’ interest. 
The Mindful Minute will help direct the student’s focus towards the teacher 

EXPLORATION 
• Describe what hands-on/minds-on activities students will be doing.  
Students will be discussing local wetlands and their impacts on the local area 
Students will be collaborating with other students to put together a presentation for the 
scenario tasked to the group for presentation on the next class period.  
• List “big idea” conceptual questions the teacher will use to encourage and/or focus 
students’ exploration 
What would the local area look like without any wetlands? 
Does anyone live inside a wetland?  

ELABORATION 
• Describe how students will develop a more sophisticated understanding of the 
concept. 
 
Students will engage with each other to create a final presentation of data collected from unit 
2 and design a solution as a team to mitigate the scenarios from unit 2.  
  

EVALUATION 
• How will students demonstrate that they have achieved the lesson objective? 
Students will develop an understanding of the role that wetlands play in their local area 
 
Students will create a poster that presents their idea on how to solve the issue 
 

 

  

 

 

Teacher: MaryAnn DeMaria  

Date:  

Subject/ grade level: 7th grade, Science  

Materials:  
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NC SCOS Essential Standards and Clarifying Objectives:  

Lesson objective(s): 
  

Differentiation strategies to meet diverse learner needs: 
  

ENGAGEMENT 
• Describe how the teacher will capture students’ interest. 
• What kind of questions should the students ask themselves after the engagement? 
  

EXPLORATION 
• Describe what hands-on/minds-on activities students will be doing.  
• List “big idea” conceptual questions the teacher will use to encourage and/or focus 
students’ exploration 
  

ELABORATION 
• Describe how students will develop a more sophisticated understanding of the 
concept. 
• What vocabulary will be introduced and how will it connect to students’ observations? 
• How is this knowledge applied in our daily lives? 
 

 

  

EVALUATION 
• How will students demonstrate that they have achieved the lesson objective? 
• This should be embedded throughout the lesson as well as at the end of the lesson 
 

  

 

APPENDIX H: PRESENTATIONS FOR EACH DAY 

 

Day one supporting slides 

 



   
 

67 | P a g e  
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H-1 Day one activity sheets (Density and model build) 
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Density activity sheet: Scientific Journal Entry Example 
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Day 1.5 Our Wetland, Our World Activity Sheet 
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DAY 2 SUPPORTING SLIDES 
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Day 2 Scenario Statements 
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Scenario one: Construction Disruption 
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Scenario two and Scenario three 
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Scenario four 
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Day three Supporting Slides 
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Day three Activity 
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Day three Activity sheet Answer Key 

1. A      2. B    3. Florida, California, Arizona, Alaska 
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Day Four Supporting Slides 

 

Rubric for Final Project  
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DAY BY DAY BREAKDOWN: TEACHER GUIDELINES 

 

 

 

Real world articles containing consequences for violating wetland code. 
 
 
310 CMR 10.00: Wetlands Protection Act Regulations is a 246-page document defining 
the regulations in protecting Massachusetts ecosystems. If these regulations are 
violated by a company or group, then a large sum of money, also known as a fine is 
penalized to the company or group.  
 
 
 



   
 

94 | P a g e  
 

 


	ABSTRACT
	AUTHORSHIP PAGE
	TABLE OF CONTENTS
	CHAPTER 1: Introduction
	CHAPTER 2: background / literature review
	2.1 What is PBL?
	2.2 History of PBL
	2.3 Massachusetts Science Standards
	2.4 Wetlands
	2.5 Audio, Visual, Kinesthetic Learning
	2.6 The Project

	CHAPTER 3: Methodology
	Section 1: Objective
	Section 2: Methods of data collection
	Section 3: Lesson plan development
	Section 3.1 Unit 1
	3.1.1 Planned Unit- Building a Wetland
	3.1.2 Implementation of Unit 1
	3.1.3 Observations
	3.1.4 Teacher alteration

	3.2 Unit 2
	3.2.1 Planned Unit- Disruptions of an ecosystem
	3.2.2 Implementation of unit 2
	3.2.3 Teacher alteration

	3.3 Unit 3
	3.3.1 Planned Unit- Graphing the data
	3.3.2 Implementation of unit 3
	3.3.3 Observations

	3.4 Unit 4
	3.2.1 Planned Unit- Making the presentations
	3.2.2 Implementation of Unit 4


	CHAPTER 4: Results and Analysis
	4.1 Theory to Practice
	4.2 Surveys
	4.2.1 Pre and Post Test assessment
	4.2.2 STEM attitude survey results

	4.3 Interview
	4.4 Discussion
	4.4.1 Analysis and Interpretation
	4.4.2 Validity of Interpretation


	CHAPTER 5: Conclusion and recommendations
	5.1.1 Effectiveness in Teaching
	5.1.2 Accessibility of Recreation
	REFERENCES
	APPENDIX A: Pre and Post Knowledge Assessment
	APPENDIX B: STEM Attitude Survey
	Appendix C Student Data Examples
	Anonymous A:
	Anonymous B:
	Anonymous C:
	Appendix D Activity sheet 3 student Answers
	Activity 3 Anonymous A
	Activity Anonymous B

	Appendix E Final Project example
	Project Example Group A
	Project Example B

	Appendix F: Interview Questions with 7th Grade Middle School Science Teacher
	Appendix G Lesson Plans
	Appendix h: Presentations for each Day
	Day one supporting slides
	H-1 Day one activity sheets (Density and model build)

	Density activity sheet: Scientific Journal Entry Example
	Day 1.5 Our Wetland, Our World Activity Sheet


	Day 2 Supporting slides
	Day 2 Scenario Statements
	Scenario one: Construction Disruption
	Scenario two and Scenario three
	Scenario four

	Day three Supporting Slides
	Day three Activity
	Day three Activity sheet Answer Key
	Day Four Supporting Slides
	Rubric for Final Project

	Day by Day Breakdown: Teacher Guidelines

