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S
ince the release of the Next Generation Science Standards (NGSS), teachers have 
been working to integrate engineering content and practices with teaching science 
and math concepts. The Ocean Platform Engineering Design Challenge was tested 

during a professional development program for elementary teachers, secondary science 
teachers, and science faculty from over 80 school districts and four universities, and it was 
implemented with 160 students. Because the NGSS have raised engineering design to the 
same substantive level as scientific inquiry, one of the goals of the program was to enhance 
inquiry-based teaching by helping educators properly integrate engineering content and 
practices into their classrooms (NGSS Lead States 2013). 
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The 6E Learning by DeSIGN lesson presented in 
this article shows teachers how to help students ex-
plore the motion and forces that act on objects in the 
ocean and on the coast, design and build a structure 
to withstand a physical simulation of those forces, and 
analyze collected data to draw conclusions about the 
environmental impacts on structures and the design 
constraints that must be considered by scientists and 
engineers (Burke 2014). The engineering design chal-
lenge in this lesson was the product of a collaborative 
effort among various content-area experts, similar to 
the model implemented at Salisbury Middle School in 
Salisbury, Maryland (Pavlekovich, Benardi, and Mal-
ach 2012). Many engineering design activities are best 
taught when collaboration occurs between science ed-
ucators and technology and engineering (T&E) educa-
tors, thus providing a richer learning experience that 
addresses standards across various content areas. 

Connections to the Standards

The design challenge satisfied an array of standards 
across multiple disciplines, including MS-ETS1: En-
gineering Design and MS-PS2: Motion and Stability: 
Forces and Interactions. The design challenge also en-
gages students in the crosscutting concept Influence of 
Science, Engineering, and Technology on Society and 
the Natural World. Additionally, this lesson supports 
a number of Common Core State Standards and Stan-
dards for Technological Literacy (see sidebar for full 
standards alignment). 

Preparing for the activity

In the 6E instructional model, “engineer” joins the 
other 5Es to address the design and engineering com-
ponent integral to STEM education. Its focus on blend-
ing design and inquiry fits well within the context of 
science education, while building background knowl-
edge, priming the brain, and structuring information 
in order to differentiate the experience for all students 
(Wormeli 2007). Furthermore, many school systems 
require their teachers to use the 5E lesson model, so 
using the 6E variation helps teachers emphasize links 
between science and engineering in a format with 
which they are already familiar.

Directions on the construction of the wave bin used 
in the design challenge can be accessed in this arti-
cle’s online connections supplement at www.nsta.org/
middleschool/connections.aspx. If teachers do not have 
access to the tools needed to construct the handles of 
the wave bin, an easy alternative is to generate waves 
by carefully fanning a piece of plywood or plastic inside 
the bin. Figure 1 provides a list of suggested materials 
for each group to construct their platform. These ma-
terials can be found for minimal cost (less than $20) at 
most retail stores. Because these are suggested mate-
rials, the teacher can decide to provide different items 
depending on the resources they have available. 

Although not necessary, Grade 6–8 students should 
ideally have some baseline knowledge about the struc-
ture of the Earth, environmental impacts, and designing 
engineering solutions to be successful with this activity.  
There are various engineering design process (EDP) 

Material Quantity Material Quantity

Drinking straws 30 Roll of duct tape 1

Coffee stirrers 15 Metric ruler 1

Craft sticks 30 Washers (various sizes) 6

Plastic building sticks (e.g., Mod-L-Stix) 15 Nuts and bolts 6

Plastic water/soda bottles 2 Paper and binder clips (various sizes) 10

Plastic pool noodle section (15.24 cm [6 in.]) 1 Pipe cleaners 6

Plastic cups 2 Cable ties 6

Glue gun and glue 1 Styrofoam plates, egg cartons, or cups 2

Craft wire 1 Cardboard (30.5 cm × 30.5 cm [12 in. × 
12 in.])

1

Straight pins 20

Suggested materials per group for the platform design solutionFIGURE 1
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Connecting to the Next Generation Science Standards (NGSS Lead States 2013) 

Standards
MS-ETS1: Engineering Design www.nextgenscience.org/msets1-engineering-design

MS-PS2: Motion and Stability: Forces and Interactions www.nextgenscience.org/msps2-motion-stability-forces-
interactions

Performance Expectations
The materials, lessons, and activities outlined in this article are just one step toward reaching the performance 
expectations listed below.

MS-ETS1-1.  Define the criteria and constraints of a design problem with sufficient precision to ensure a 
successful solution, taking into account relevant scientific principles and potential impacts on people and the 
natural environment that may limit possible solutions.

MS-PS2-2. Plan an investigation to provide evidence that the change in an object’s motion depends on the sum 
of the forces on the object and the mass of the object. 

Dimension Name or NGSS code/citation
Matching student task or question taken directly 
from the activity

Science and 
Engineering 
Practices 

Constructing Explanations and 
Designing Solutions

Students design and test an ocean platform that 
can withstand the forces of the ocean. They write a 
justification for why they chose their final solution and 
why they believe the structure succeeded or failed.

Disciplinary 
Core Ideas 

PS2.A: Forces and Motion 
• The motion of an object is 

determined by the sum of the 
forces acting on it.

ETS1.B: Developing Possible 
Solutions
• A solution needs to be tested, and 

then modified on the basis of test 
results, in order to improve it.

Students complete a card-sort activity about 
oceanography and forces and discuss how the forces 
from natural processes impact the environment and 
humans. 

Students design, test, evaluate, and improve their model; 
record data; and sketch each iteration of their model. 
They present a final design solution, justifying their 
selection based on the data collected.

Crosscutting 
Concepts 

Influence of Science, Engineering, 
and Technology on Society and the 
Natural World

Students write a paragraph describing the impact of the 
forces from earthquakes and tsunamis on marine life, the 
coastline, and structures and how engineers can help 
remedy some of these situations. 

Connecting to the Common Core State Standards (NGAC and CCSSO 2010)
ELA/Literacy: RST.6-8.1, RST.6-8.9, WHST.6-8.7, and SL.8.5

Mathematics: MP.2 and 7.RP.A.2

Connection to the Standards for Technological Literacy (ITEA/ITEEA 
2000/2002/2007) 
Grades 6-8 Benchmarks: STL 3F, STL 5C, STL 9F, STL 9H, STL 10F, STL 10H, and STL 11K

models that students may be familiar with; therefore, 
teachers should collaborate with T&E teachers at their 
school or nearby schools to ensure consistency and rele-
vance of EDP models students may have previously used. 
In this lesson, the Virginia Initiative for Science Teaching 

Achievement (VISTA) EDP graphic was used with stu-
dents (see Resources). As with the inquiry process, it is 
important to emphasize that students do not need to fol-
low EDP steps in a prescribed order. 

Graphic organizers providing space for students to 
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record their thoughts at each stage of the EDP and 
inform the design and testing of their solution are of-
ten helpful.  One such graphic organizer is provided 
on page 11 of the online connections supplement for 
this article.  Additionally, students keep notes of their 
observations and data in a STEM journal, which can 
also be used as a formative assessment. Kelley (2011) 
described the importance of using a STEM journal as 
an ongoing formative assessment and end-of-lesson 
summative assessment to better inform the teacher 
and student about progress on a complex design chal-
lenge. He provided additional guidelines for STEM 
notebooks, including how to evaluate students, which 
teachers may find informative (see Kelley 2011). 

Because the processes of scientific inquiry and en-
gineering design are similar to the Common Core liter-
acy processes of purpose setting, predicting, compos-
ing, and communicating, writing in science is seen as 
the process of constructing understanding and build-
ing knowledge: the minds-on complement to hands-on 
inquiries. Throughout this lesson, students write their 
own observations, data, and conclusions. They are en-
couraged to draw a dashed line, the Line of Learning, 
below their entries and write ideas, facts, or questions 
learned from discourse. The Line of Learning strategy 
(1) helps students learn to have meaningful “scientific 
conversations” using their notebook entries and (2) al-
lows the teacher to identify what big ideas a student 
may have missed from the investigation. Several re-
source books are available to assist teachers with stu-
dent engagement and teaching literacy in the content 
areas (see Marzano, Pickering, and Heflebower 2010 
and Campbell and Fulton 2003 in Resources).

Safety precautions

Any time instructors and students are working in 
the lab, they should wear indirectly vented chemical 
splash goggles, which for this activity will protect eyes 
from splashing water and sand particles. The activity 
should be performed away from electrical outlets and 
near a sink, or outside if possible, in anticipation of 
spilled water. Additionally, during the fabrication of the 
platform, all hot glue guns can be placed at one station 
so the teacher can monitor students and limit burns or 
misbehavior. Lastly, all safety precautions specified in 
NSTA’s “Safety in the Science Classroom, Laboratory, 
or Field Sites” should be followed (2013).

Differentiation strategies

This lesson can easily be modified to safely accom-
modate learners of all levels. For students who are not 
reading and performing math and science at their cur-

rent grade level or are English-language learners, pair 
them with students who are stronger in these areas. 
At the start of the design challenge, allow students 
to discuss their designs and share possible solutions. 
Facilitate discourse at the end of each class period or 
transitioning points to allow students to regroup, pres-
ent observations, and discuss findings. Throughout 
the lesson, have students remain with the same group 
to allow struggling or English-language learners to re-
fine their STEM journal entries and compare their ob-
servations and findings with those of their classmates. 
Collaborating with others also helps reduce behavioral 
issues. To accommodate the various learning styles of 
students, the 6E lesson plan incorporates elements that 
appeal to all learners. For students who have difficulty 
with the wave bin, place the bin on the floor to allow 
easier access. Additionally, after a student develops a 
design, the teacher can assist with construction. 

Engage (45 minutes) 

To integrate literacy in connection with the Common 
Core State Standards, vocabulary terms (e.g., kinetic en-
ergy, potential energy, buoyancy, gravity, friction, sum 
of forces, energy transfer, and mass) were introduced 
using a card-sort activity (available with this article’s 
online connections supplement). The instructor should 
cut the 16 questions and answers (provided in the online 
connections supplement) into individual strips prior to 
distributing them to student groups. Each group of two 
to four students is prompted to sort the 16 statements 
into three categories according to what they know about 
each statement: agree, disagree, or do not know. Stu-
dents should then clip the cards together according to 
category and store them in a safe location where they 
can be referred to again during the evaluation phase. 
This activity should take about 20 minutes. Students re-
visit the card sort at the end of the lesson as a summa-
tive post-test. This method helps students identify key 
vocabulary terms for the unit, and the teacher identifies 
misconceptions regarding oceanography and forces 
during discourse.

After the card sort, students are further engaged by 
being asked questions about their prior knowledge/ex-
periences with earthquakes or tsunamis and how the 
forces resulting from these natural processes impact 
the environment and humans (see sample prompts pro-
vided in the Engage portion of the online connections 
supplement). As a class, students view and discuss seg-
ments of the National Geographic video about the 2011 
tsunami in Japan (see Resources) and the six-minute 
SeaOrbiter movie (see Resources). The instructor may 
have to clarify and discuss with students the compo-
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nents of the EDP so they can proceed without omitting 
essential stages (see the EDP graphic organizer in the 
online connections supplement). 

Explore (45 minutes)

In the Explore phase, the design challenge is intro-
duced to students and the critical components of the 
EDP and scientific inquiry are highlighted. A scenar-
io is presented in which students assume the role of 
oceanographer engineers who are tasked with design-
ing a self-sustaining platform, which allows scientists 
to study the long-term effects of tsunamis on marine 
life. The platform has to withstand the movement of 
sediment and water without collapsing or losing or 
damaging a payload, with minimal harm to the envi-
ronment or marine life. The platform could be fixed, 
floating, underwater, partially underwater, or above 
water. A more descriptive version of this scenario can 
be found in the online design brief (available with this 
article’s online supplements).

One major concept taught in this lesson, structural en-
gineering, is introduced with a design challenge to allow 
students to explore structures and the EDP. We used the 
Featherweight Challenge (Love and Ryan 2012), but the 
Paper Table Challenge (WGBH Educational Foundation 
2008) is another exceptional activity for students to ex-
plore structures. These activities serve as safe and easy 
introductory lessons to teach students the essence of the 
EDP (Love and Ryan 2012). They also provide prompts 
for students to discuss their observations, which illumi-
nates student misconceptions and allows them to share 
their knowledge about earthquakes, tsunamis, struc-
tures, and effects on marine life. One misconception 
that emerged was that squares are structurally stronger 
than triangles. The Featherweight Challenge helped stu-
dents see this is false and incorporate this information 
into their platform designs. Using the prompts provided 
in the online lesson plan, students developed and re-
corded additional questions in their journals for further  
research. 

Explain (45 minutes)

Here students have an opportunity to explain and re-
fine what they learned about science concepts (e.g., 
earthquakes, tsunamis, marine life) and engineering 
concepts (e.g., structures, materials) during the ex-
plore phase. Our students were intrigued by tectonic 
plates and surprised to learn from the instructor and 
the National Geographic video (see Resources) that 
tsunamis are not always extremely high waves as de-
picted in cartoons or movies. In addition, a discussion 

arose concerning the impact these natural disasters 
have on peoples’ lives and the environment, and how 
technology is used in these situations with either posi-
tive or negative outcomes. For example, students cited 
access to fresh water as a challenge for victims of a 
natural disaster and discussed various solutions to the 
problem, such as building a filtration system with ma-
terials that may be available. Again, the prompts pro-
vided online assisted in scaffolding student discussions 
toward higher-order learning. These topics helped ad-
dress some of their misconceptions and also evoked 
more questions and design ideas. A quick formative 
assessment such as questioning for understanding or 
an exit ticket can check for student misconceptions 
before moving ahead. As a result, students were bet-
ter prepared to design a structure that could withstand 
a simulated tsunami. The teacher again reviewed the 
design challenge, emphasizing the platform specifica-
tions for the structure (see the design brief, available 
with this article’s online supplements). 

Students are told to complete the following tasks of 
the EDP while designing their solution:

1. Complete a detailed design and sketch before 
constructing their model. 

2. Test, evaluate, and improve their model within 
the allotted time (45 minutes), remembering to 
sketch each iteration of their model.

3. Record their data.

4. Present a final design solution, justifying their 
selection based on the data collected.

The evaluation rubric (see the design brief) is in-
troduced and students are encouraged to reference it 
throughout the process to meet all requirements. Dur-
ing this time, students are prompted to record notes in 
their STEM journals. Before students are allowed to 
build, safety precautions are reiterated (e.g., wear safe-
ty goggles at all times, use caution with scissors and 
hot glue guns). The instructor should strictly empha-
size and always model safer working habits. Through-
out the Explain phase, students are encouraged to par-
ticipate in a discussion of the criteria and constraints 
while the teacher continually checks for understanding 
by asking questions. 

Engineer (135 minutes)

The Engineer phase may vary in time based on progress 
of students and should facilitate learning through the 
use of inquiry and design. Allow students ample time to 
design (30 minutes), test, and retest (60 minutes), but 
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not an excessive amount of time. One method that helps 
keep students on track is displaying an online countdown 
timer at the front of the classroom. Teachers can also 
help students stay on task by circulating the room and 
encouraging them to begin constructing their design 
or reminding them how much time remains. Emphasis 
is placed on the value of failure. Students should docu-
ment their attempts in their STEM journals while they 
design, test, redesign, and retest their platforms. Before 
collecting building materials, each student should show 
the instructor their design (Figure 2). Once their design 
is approved, they move into the fabrication phase of the 
build (Figure 3). Students often forget to document their 
progress (a critical learning tool), so they must be con-
tinually reminded to record detailed notes, sketches, 
and results in their STEM journals. 

To ensure consistency and less spillage during test-
ing, the instructor creates the waves by simultaneously 
moving both handles attached to the Plexiglas forward 
and backward (Figure 4). Students’ structures are ei-
ther set on the mound of sand or floating, allowing the 
Plexiglas to swing freely. Interestingly, only one group 
of students created an anchored platform, while the 
rest of the students created floating platforms. Reseal-
able zipper storage bags filled with different masses of 
sand are used to test how much the structure can hold 
while being subjected to the waves (the structure must 
hold at least 150 g). 

Students are prompted to observe and experiment 
with different types of waves (e.g., small, rapid waves 
versus larger, less frequent waves). Attaching a protrac-
tor to the side of the bin so that the zero degree mark 
aligns with the perpendicular handle allows students 
to document consistent wave strengths. A measuring 
tape affixed to the side of the bin (online supplement, 
Figure 2) allows students to document different wave-
lengths and wave heights. Students use stopwatches to 
determine how the frequency (time = 30 s) affects their 
structure and to verify how long their structure with-
stands the wave action. Students also measure the ef-
ficiency of their structure by massing it on a scale and 
dividing that amount by the mass of the sand bags the 
structure holds. Because the bins are clear, students 
are instructed to observe the effects of the waves and 
current on the shoreline. Students are provided with 
a graphic organizer for recording this information 
(Figure 5). At the conclusion of the Engineer phase, 
students are prompted to write a justification for why 
they chose their final solution and why they believe the 
structure succeeded or failed (see prompts in lesson 
plan, available with this article’s online supplements). 
The steps of the EDP are reiterated to help them de-
scribe how they arrived at their final solution. 

Enrich (90 minutes)

To enrich this lesson with math Common Core State Stan-
dards, students chart their data for their group on a linear 
graph and participate in a discussion about the meaning 
of correlation. Each group of students produces multiple 
linear graphs, looking for correlations between the vari-
ables they identified and documented (e.g., mass held 
versus time to failure). Once they complete their group 
graphs, they write an analysis of the data in their STEM 
journals. Then a blank graph is projected onto the white-
board and a student from each group is asked to place 
their group data points for one of the graphs on the board 
(Figure 6). This process is completed for every graph, 
with discussions occurring about each one and focusing 
on identifying patterns among the variables (e.g., as their 
structure held more mass, it took less time to collapse). 

The teacher also facilitates a discourse session, 
identifying crosscutting applications of the design con-
cepts and making connections to broader real-life con-
texts. The higher-order thinking prompts included in 
the sidebar and the online connections section helped 
students to analyze the impact their designs had on 
the environment and how they compared to full-size 
ocean platforms. These prompts fueled rich classroom 
discussions and discourse. During discourse, our stu-
dents cited topics such as correlations they identified 
and ideas for how to deaden the waves so the struc-
ture would stand longer. One student suggested that 

Students designing a solutionFIGURE 2
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non-anchored designs would float in the middle of the 
ocean, making it difficult for the scientists and sup-
port personnel to locate. After observing the simulated 
coastline of the wave bin, students expressed concerns 
about the erosion of the coastline and the impact for 
both the environment and structures. Efficiency was 
also an item students discussed in regards to the con-
straints engineers face. Lastly, students recorded any 
additional information or questions for further re-
search in their STEM journals. 

Evaluate (45 minutes)

Aside from the formative evaluation the instructors 
used via questioning students while circulating around 
the lab, the student STEM journals and a rubric are 
also used as summative evaluations. Encourage stu-

dents to use the rubric provided in the design brief for 
a self-assessment of their design solution and their use 
of the EDP. Using the prompts included in the lesson 
plan (available online), students are asked to reflect on 
their performance and determine ways they could im-
prove it. The results are recorded in their STEM jour-
nal, and the teacher uses these to discuss the student’s 
progress with them. Finally, students are asked to 
write two paragraphs, the first summarizing their find-
ings from their correlation charts and platform-design 
testing observations, including evidence from their in-
vestigations and explaining how forces influence struc-
tures; and the second describing the impact that forces 
from earthquakes and tsunamis have on marine life, 
the coastline, and structures and how engineers can 
help to remedy some of these situations, based on their 
observations.

Students fabricating a solutionFIGURE 3 Students testing their solutionFIGURE 4

Trial 1 Trial 2

Small 
waves

Big  
waves

Small 
waves

Big  
waves

Mass of platform (g)

Mass held by platform (g) 

Efficiency (%) = (mass of platform [g] ÷ mass held [g]) 
x 100

Time till Failure (s)

Waves per 10 seconds

Sample group data collection chart FIGURE 5
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Conclusion

The Ocean Platform Engineering Design Challenge is 
one example of how engineering design can be used to 
seamlessly integrate crosscutting concepts from various 
disciplines. Students are actually able to see the waves 
and forces acting on their structure. This activity pro-
vides an opportunity for science educators and T&E ed-
ucators to collaboratively teach crosscutting concepts, 
as called for in the NGSS and the Common Core. Safety 
precautions are required in regards to the materials and 
tools used. Because T&E educators can provide exper-
tise here, collaboration to deliver engineering lessons 
like this in a safer manner is critical (Roy 2014). 

This activity does take considerable preparation 
time to construct the bin and gather the materials for 
students. Additionally, the clean-up is also time con-
suming (e.g., a piece of clear tubing was used to siphon 
and drain the water). If teachers do not want to con-
tend with the potential problem created by water spill-
ing in their classroom, there is a similar activity that 
simulates a tower being able to withstand an earth-
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among class groups FIGURE 6

quake (ASEE 2010). While this alternative activity is 
less messy, it does not allow students to calculate data 
generated with the Ocean Platform Design Challenge. 

Furthermore, this article demonstrates the utility of 
the 6E Learning by DeSIGN model to help science and 
T&E educators teach crosscutting concepts. Science 
educators should consider using this model when plan-
ning lessons that integrate engineering design while also 
enhancing students’ inquiry and problem-solving skills. ■
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