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The Energy of Ocean WavesMiddle School Sample Classroom Assessmer

Introduction

Ocean waves am@n example of mechanical waves in the natural environrretitis task, students us
these properties of ocearavesto investigate the relationship between amplitude and energy, and
the energy of ocean wavean have both negative and positivgacts orhuman societyusing
examples such amastal erosion and alternative energy generation. The studedeta$e associate
wave height with the amount of sediment carried by the wavevdhdhe amount of energy produce
by wave energy converters. The students also use data to evaluate the components of two spe
wave energy converter designs.

This taskis derived from data published in the following papers:

Bian, S., Hu, Z., Xue, Z., & Lv, J. (2012). An observational study of the carrying capacity of suspended s
during a storm evenEnvironmental monitoring and assessméa®(10), 6036044.

Faiz, J., & EbrahimiSalari, M. (2011). Comparison of the performance of two direct wave energy convers
systems: Archimedes wave swing and power hlaayrnal of Marine Science and Applicatid®©(4), 419
428.

Silva, D., Rusu, E., & Soares, C. G. (201Bjaluation of various technologies for wave energy conversion i
the Portuguese nearshorenergies 6(3), 13441364.

Standards Bundle

(Standards completely highlighted in bold are fully assessed by the task; where all parts of the standaraksaessbby the task, bolding
represents the paresssessedl

CCSSM

MP.1 Make sense of problems and persevere in solving them.

MP.3 Construct viable argumentsand critique the reasoning of others

MP.4 Model with mathematics.

8.FA.2 Compare properties of two functionseach represented in a different way
(algebraically, graphically, numerically in tables, or by verbal description3.

8.FA.3 Interpret the equation y = mx + b asefining a linear function, whose graph is a
straight line; give examples of functions that are not linear.

8.FB.4 Construct a function to model a linear relationship between two quantities.

Determine the rate of change and initial value of théunction from a description
of a relationship or from two (X, y) values, including reading these from a table o
from a graph. Interpret the rate of change and initial value of a linear function in
terms of the situation it models, and in terms of its grap or a table of values.

8.FB.5 Describe qualitatively the functional relationship between two quantities by
analyzing a graph (e.g., where the function is increasing or decreasing, linear or
nonlinear). Sketch a graph that exhibits the qualitatve features of a function that
has been described verbally.

8.SPA.1 Construct and interpret scatter plots for bivariate measurement data to
investigate patterns of association between two quantities. Describe pattersisch
as clustering, outlierpositive or negative association, linear associatioand
nonlinear association
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8.SPA.2 Know that straight lines are widely used to model relationships between two
guantitative variables. For scatter plots that suggest a linear association,
informally fit a straight line, and informally assess the model fit by judging the
closeness of the data points to the line.

8.SPA.3 Use the equation of a linear model to solve problems in the context of bivariate
measurement datajnterpretingthe slope and intercept.

NGSS

MS-PS23 Ask questions about data to determine the factors that affect the strength of
electric and magnetiforces.

MS-PS41 Use mathematical representations to describe a simple model for waves that
includes how the amplitude of a wave is related to the energy in a wave.
MS-PS42 Develop anduse a model to describe that waves are reflected, absorbed, or

transmitted through various materials.

MS-ETS1-1  Define the criteria and constraintof a design problenwith sufficient precision to
ensure a successful solutidaking into account relevant scientific principlesand
potential impacts on people and the natural environment that may limit possible
solutions.

MS-ETS1-3  Analyze data from test$o determine similarities and differences amongeveral
design solutions to identify the best characteristics of ea¢hat can be combined
into a new solution to better meet the criteria for success

CCSSELA/Literacy

W.8.2 Writeinformativekxplanatory texts to examine a topic and convey ideas, concep
and information through the selection, organization, and analysis of relevant
content.

WHST.6-8.2  Write informative/explanatory texts, including the narration ofhistorical eents,
scientific procedures/ experiments, or technical processes.

W.8.2.a & WHST.6-8.2.a
Introduce a topic clearly, previewing what is to follow; organize ideas, concepts,
and information into broader categories; include formatting (e.g., headings),
graphics (e.g., charts, tablesand multimediavhen useful to aiding
comprehension.

W.8.2.b & WHST.6-8.2.b
Develop the topic with relevant, wellchosen facts, definitions, concrete details,
quotationspr other information and examples.

W.8.2.c & WHST.6-8.2.c
Use appropriate and varied transitions to create cohesion and clarify the
relationships among ideas and concepts.

W.8.2.d, & WHST.6-8.2.d
Use precise language and domaigpecific vocabulary to inform about or explain
the topic.

W.8.2.e Establlsand maintain a formal style.

WHST.6-8.2.e Establish and maintain a formal style and objective tone.

W.8.2.f & WHST.6-8.2.f
Provide a concluding statement or section that follows from and supports the
information or explanation presented.

W.8.7 & WHST.6-8.7
Conduct short research projects to answer a question (including a sejenerated
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guestion), drawing on several sources and generating additional related, focused
guestions that allow for multiple avenues of exploration.
SL.8.4 Present dlas and findings, emphasizing salient points in a focused, coherent
manner with relevant evidence, sound valid reasoning, and wethosen details;
use appropriate eye contact, adequate volume, and clear pronunciation.

Information for Classroom Use

Connections to Instruction

This assessment task was designed to be used for students at the 8th grade level in math and
within a physical science instructional unit on energy and waves or an environmental or earth s
unit on ocean waves alternative energyconsistent with the"8grade California Integrated Learning
Progressions Model (NGSS, vol. 2, Appendix KJiven time constraints, Task Components B and
could be altered or removed from the assessment task to more specificaltyditinit on alternative
energy, with careful attention paid to whether or not the changes affect the full assessmefS# M
1 or the cited CCS# standards. The taskldressesome conceptaddresseth 6th and 7th grade
math standard&.g. 6.EE.66.EE.9, 6.NS.5, 6.NS.6, 6.SP.4, and 7.EBut)s designed tassess
conceptaddresseth the 8th grade standards, suchreleling with functions anchore advanced
graphing and interpretation of datdask Components B and D could be simplified fodsis in
lower grads by having students identigompaat i ve r el ati onships 1in
increases the other al so | rastertetasre stoh e ro tt ther
without having them derive an equatifumction comparduncions, or specifically match the data tg
therelationshipE a A It should be noted that such changesildaffect the alignment of these partg
of the assessment task to the ciedncestandards, such that a standard fully asseasbe 8" grade
taskmay be instead partially assesseé" grade(e.g, MS-PS41).

In a blended math/science course or in a setting where there is collaboration between teachers
different classes, the plotting and data interpretation in Task GunpoB and E could be used as
summative assessmenttbé math content standards and formative assessmethiefecience
standards. Task Component A could be a summative assessment of wave structure, but becau
interpretation of the data is essehtt constructing the explanations in the assessment task and
because parts of the assessment task build on one another, most of the other task components
serve as formative assessmaevtiether in a math @ascience course.

This task includes'8grade standards for ELA/Literacy related to short research projects, informa
writing, and speaking and listening. Students can be formatively assessed on the research star
on specific informative writing standards on Task components B, €, and F. On Task Componel
G, students can be summatively assessed on either all of the standards on informational writing
the standard for speaking and listening, depending on whether they elect to prepare a report
(informational writing) or mke a presentation (speaking and listening). Becausé'tpade
ELA/Literacy standards and the WHST standards for research and for writing informational text
almost identical, this task provides an excellent opportunity for interdisciplinary cxtadn.

Approximate Duration for the Task
The entire task could take betweg5 class periods (450 minutes eachgpread out over the coursg
of an instructional unjtwith the divisions listed below:

Task Component A: up to 1 class period, depanididone as homework.

Task Componer: 1i 2 class period(s), depending on whether the explanation in Il is used as

homework.
Task Component C:i2 class period(s), depending on whether the description is used as homev
Version tpublishedNovember2014 Page3 of 26
View Creative Commons Attributiof.0 Unported License at By

http://creativecommons.org/licenses/by/4.0/. Educators may use or adapt.



Task Component D: 12 classperiod(s).

Task Component E: 138 class period(s), depending on if part of the task component is used as
homework.

Task Component F: 13 class periods.

Task Component G:12 class period(s), depending if done as homework

Assumptions
It is assumed thatudents should have a working understanding of electromagnetic generators,

waves, and erosian order to complete this assessment.tdsks also assumed that teachers have
knowledge ofand are comfortableith, discussbn ofdifferent designsfovave energy converters as
well as the mathematical relationship between amplitude and lagidigeriod and frequency.

Materials Needed
In order to create the scale model in Task Component C, students will at minimum need a basir
with water,rock t 0 cr e at @and somedboagda dtherado)éo mgenerate waves.

If students decide to do outside researclawave energy converter design for Task Component G
they will need to have access to the internet or other sources of information

Although not necessalfgr completng the task, teachers may choose to read the paparsvhichthis
task is derivedgee task page one for full referend®isin et al., 2012Faiz and Ebrahim&alari, 2011;
Silva et al., 2013), in which case teacheaild need to obtain access to the article in the associate
journals.

Supplementary Resources
0 Information on linear motors, the type of electromagnetic generators found in wave ener
convertershttp://en.wikipedia.org/wiki/Linear_motor
0 Information on wave energy, including a list of wave energy converter designs and a list
related referencesitp://en.wikipedia.org/wiki/Wave power
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http://en.wikipedia.org/wiki/Wave_power

Assessment Task

Context

The coastal environment is a very dynamic pldeer. example, cean wavesepeatedlycrash against
beaches and coastWhile this can lead foin for summertime beaegoers, the high energy of ocear
waves interacting with the beach otene can lead to erosion, the loss of land, and the collapse-o
side cliffs. Because of the serious concerns these beach interactions pose to coastal communit
scientists and engineers use wave propedieg)as absorption, transmission, and reflectitityreate
solutions to mitigate coastal erosion. Additionatlyastal communities and island nationsehatarted
to explore the positive effects of thaergy of oceawaves Specifically, he energy of ocean waves
can be harvested by technology as an alternative, renewable energy &mgioeers must design
energycapturing devicethd rely on the principles of wave physics to maximize the amount of en
produced, and the design prog&songoing at many companies as they optimize the ocean wave
energy technology.

In class, you have learned about émergy and movement of wavéow let us explore the positive
and negative effects of ocean waves in human society.

Task Components

A. Draw a visual representation of the cross section of an ocean wave. Ocean waves are ty
described by the wave height and the wave period. The wave height is measured from
bottom of a wave (trough) to the top of a wave (cr&x)your drawing, idicate and label the
still water level, the amplitude, the wavelength, andihee heightThenwrite an algebraic
equatiorthat relates wave height to amplitude. The wave period is the amount of time it t
for one wave to go bylhe wave frequency the number of waves in a given time period.
Write an algebraiequatiorthat relates the period of the wave to the frequency.

B. Ocean waves have enough energy to pick up and carry sand and other sediment. This v
action helps to move sand up and downlibach slope as well as along the length of the
beach. This shapes the beach over time. The most drastic changes to beaches happe
storms occur because higher energy waves carry more sediment than lower energy wav
During a big storm, a beach carperience a large amount of erosion.

In order to investigate how much sediment stormy ocean waters can carry away from bg
scientists gathered data from ocean waters off the coast of the Shandong Peninsula in t
Yellow Sea, Chinaduring a storm irthe spring of 2010. The numbers in the chart provide
(Attachment 1) were derived from the sc
values and the amount of sediment carried by the waves from differerst jpaiime during
the storm. Thee data areepresented on the scatterplot provided (Attachment 2).

I. Estimate andrw a trendine (approximatdine of best fit) for the dataset on the scatt
plot and derive an equation for your line. What does your tieadndicate abouthe
relationshipor patterrbetween wave height and the amount of sediment the wave is
moving?

Il.  Compare your trenlihe and equation with the tretides and equations of two of your
classmates (or thoggvenby your teacher)Consider the pattes you observe among
the trendlineshow are they similar, and how are they differem@scribesimilarities
and differences in the slopejntercept, and fit of the data among the trénes and
indicate which trendine is most representative of thatdset.
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Ill. Given that higher energy waves carry more sedimentdbdower energy waves,
construct an explanation ftre relationship deveen wave energy and amplituddse
your plot and/or trentine as evidenct support your ideas

C. Peopldiving on or near the coast are worried about the loss of sand due to wave erosior
cannot stop the waves from coming, but they can build structures that will affect the wav
before it reaches the shore. Some beaches are naturally protected dme affshl reefs, and
engineers have created structures called breakwaters that work like coral reefs to proted
beaches from the full ffct of the ocean wave energy.

Move board back
rock “breakwater” and forth to make
waves

Create a scalepresentatioof a beach and breakwater system as shown. Use a board to
simulate ocean waves and watch what happens to those waves as they interact with the
breakwater. Use your observations of the waves in your sg@iesentatioto create a
description of how the breakwater affeot changsthe wavereflection, absorptio, and/or
transmissiorbefore they reach the beach.

D. Engineers have been working through the design process to produce and refine new
technologies to harness the renewable energlyedEarth. Radiation from theus and the
movement of air and water aat sources of energy that can be transformed into electrical
energy for use by human society. Island and coastal communities have come to see oc
waves in a new light as they turn to wave energy as an alternative energy source. Wav{
converterdransfer the up and down movement of the ocean surface into electric energy
through an el ectromagneti c g e nHew rauchoenergy
can be produced from ocean waves

The data in the chart provided (Attachm
different wave energy converter designs. All of the dagdor a wave period of 10 seconds.
The amount of energy produced changes as the wave height incrElasdkeoretical numbel
represent the change in energy as the wave amplitude increases following the relationsk

One unit of energy & dqroné EHaAt of the a

The scatterplots for each wave design (Attachment 4) show the theoretidagns as a line
and the actual numbers as points. The wave designs cannot capture all the energy avai
the waves. Every design has a wave height above which the amount of energy produce
not increase. Also, some designs are more effectivedtiers, so the amount of energy
produced for the same wave height also varies.

I. Discusswhetherthe pattern of actual data on the energy produced vs. wave amplitug
scatter plots reflesthe theoretical mathematical relationship between the energy an
amplitude of a wavasstated above (that is, dee actual data follow the relationship
E & Zas the theoretical data)® Keep in mind that there is a wave height above whic|
the amount of ezrgy produced does not changeo bt consider the points on each
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scatter plot above this wave height when answering the question. Use the data tabl
and/or scatter plots as evidence in your discussion.

Il. Describethe usefulness of the different wave energy converter designsusBithe
amount of energy each design can produce and the range of wave togiglish each
design is most effective. Also, consiaenetherone design is better at producing
electrical energy than another by comparing the energy production for theveame
height. Is the design that produces the greatest amount of energy for one wave heig
the same design that produces the greatest amount of energy for all the other wave
heights?

E. Wave energy converters use electromégrgenerators to transfim mechanical wave energy
to electric energy. As the wave moves up and down, magnets inside the energy conver
move up and down. These magnets move within coiled copper wires causing electrons
move and kectrical energy to be create@hereare many different designs for wave energy
converters. Each of the designs worka glightly different way to use the movement of the
waves to move the magnets within the electromagnetic generator. Thesadésign
electromagnetic generators can fifeedent, as well. Because of these differences, some wa
energy converters are better than others at converting wave energy to electrical energy.

The diagram provided (Attachment 5) shows the design of two different wave energy
converters: th®ower Bwy (PB) and theArchimedes Wave Syst¢AWS). The data chart
provided (Attachment 6) shows the variation in the voltage and energy production for ed
system at different points in time over one wave period.

I. Graphically represent the voltage and enelagta. Choose and create a graphical
representation that best shows the range in thqtti@aaximum and minimum values
and that has an appropriate scale, axis labels, unit labels, legend, and title. Repres
such as bar graphs, line plots,mstaend leaf plots, or other data displays should be
considered. Use this plot as evidencenake a clainfor which wave converter design i
more effective at transferring the wave energy to electrical enélgy .tlesedata to
constuct an argument fawhy this converter design is more effective.

II. Consider the situation where the differences in energy production are entirely cause
differences in the design of the electromagnetic generB@sed on this situationreate
a list of whichaspects of the electromagnetic generadoeslifferent anddescribenvhy
each of thosdifferencesnightaccount for the measured differences in voltage

lll. Create two questions that you could ask about the components of the electromagne
generators that could be answered by changes in the voltage data, such as a meas
increase or decrease in the voltage due to a change in a compbmeigiestionshould
be created such that the answers would help you increase the output of the electron
generators Describehow the changes could be tested, how these questions would b
answered by the changes in the datal why these questions are relevariietter device
design

F. Now consider that the differences in energy and voltage betwe@&oter Buoyand
Archimeds Wave Systerre a result of differences in the whole wave converter design ra
than in the design of the electromagnetic generator. Data for how much the wave move
and down as well as data for how much the magnets moved up and down in each wave
converter degin are shown in Attachment 7. These data are plotted medlter plots in
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Attachments 8 & 9
- The vertical movement of the ocean surface over time
- Vertical movement of thBower Buoymagnets over time
- Vertical movement of thArchimedes Wav8ystenover time

I. Using these plots as evideneegue fothow differences in the design of the wave ener,
converters could account for the differences in the measured energy and voltage va
Cite specific similarities and differences in the desigthefwave energy converters in
your argument

II. Based on what you know about how ocean waves move and how the period and ar
affect the energy of a wave, modify the design of eithePtheer Buoyor Archimedes
Wave Systeto improve the amourdf energy produced from the ocean waves. You 1
keep any parts of either design that you feel are the best, change any parts that you
not working, and/or add new parts to the design. Includescriptiorfor the reasoning
behind your changes.

G. Not all wave converter designs are created equal, and no one design will be universally
all communities. Based on what you have learned from the data presented in the previc
components and what you learn from any researchmaydo on yow own, develop a list of
criteria that should be considered when an island or seaside community decides to shoy
for a wave energy converter design to use to generate renewable energy for their populs
Consider specific details related to theuna of the waveas theyinteract with the design
(such as the range in wave height and pesitd whichthe converter performs best), the
nature of the design itself, the cost of the design, the durability of the design, and humatr
environmental factrsthat areémportant to the community. Make statements about which
criteria you think are most important to the community, so that when faced with a decisic
between two noideal designsthe tradeoffs of possible choices can be weighed. Compile
list and recommendations into a presentation or report that you will provide to the comm
members at the next town hall meeting.
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Alignment and Connections of Task Components to the Standards Bundle

Task Component Aasks the students tivaw an ocean wave and to connect the general compone
a wave (amplitude, wavelength, frequency) to the components of an ocean wave (wavelength,
height). This fully assessgzarts ofNGSS core idea d?S4.A: WavePropertiesas it relates toMS-
PS41, and partially assessesepart(one Appendix F bulletdf the NGSS practice @eveloping
and Using Models By developing algebraequationselating height to amplitude and frequency td
period, students are partially assessed on the C8@tent standarl.F.5(students are not asked t
describe the relationships but rather are given the descriptions and asked to make asHdtdh),
assessed oB.F.4and the CCS$/ practiceMP.4. Mathematically relating the components af a
ocean wave with the standard components of a mechanical wave enhances assegwrsri¢oce
standards associated with waves whereasdiemce contextrovidesa practical use for developing
mathematical relationships.

Task Component Basks students tanalyze a plotted dataset relating wave height to the amount
sediment carried by the wave, to consider different equations that model the relationship betwe
two components, and then to qualitatively relate that relationshife ttnownrelationslip between
wave height and wave energVhis partially assess@sirts of theNGSS core idea d?S4.A: Wave
Properties as it relates toMS-PS41, parts ofthe practice of Analyzing and Interpreting Data and
Constructing Explanations and Designing Solutiog and the crosscutting conceptkrfiergy and
Matter , andfully assessesne part (bullet) of thBlGSS practic&Jsing Mathematics and
Computational Thinking and crosscutting concept Batterns, as they relate to MSPS41. By
drawing atrendline, deriving an equation that models the relationship between sediment carried
wave height, and trenolimgsastudensagre partially assessdd ersESDntent
standard$.F.3 8.F.5 8.SP.18.SP.3 They are fully assessed on CCBIB.F.2 8.F.4, 8.SP.2 and
the CCS&M practices oMP.1, andMP.4. By choosing and evaluatingr@ndline and equation to
model the relationship between the data components, the students are using the math to enhar
assessment of the relationship between wave amplitude and ,emieiigythe dataet provides a
realistic context in which an interpretatiofithe fit of the data is essential part of mathematically
modeling the data effectivebAs students make comparisons, cite similarities and differences, an
describe relationships ifiask Component B they can be partially assessedVér8.2, W.8.2.b,
WHST.6-8.2, andWHST.6-8.2b, writing to inform or explain.

Task Component Casks students tase a scaleepresentationf a breakwatebeachwave system to
investigate the effect a breakwater has on ocean waves in terms of wave reflection, absadjdion,
transmission. This partially assesses the NGSS performance expectdissP&42 andpart ofthe
associated practice dfeveloping and Using Modelandpart of thecrosscutting concept &tructure
and Function. . As students simulate and obseree@an waves and describe their observations, th
can be partially assessed\WWh8.7 andWHST6-8.7, conducting short research projects to answer a
guestion, as well as dW.8.2andWHST.6-8.2

Task Component Dasks students twompare energy data produdesin wave energy converters at
different wave heightandto use thaelata to comment on the usefulness of the different wave ener
converter designs. Comparing the actual data values in the plots with the theoretical values de
from the mathematicaklationshipE & Athe students are partially assessed on NGSS performang
expectation oMS-PS41 andparts ofthe associatedrosscutting concept @fatterns and practice of
Using Mathematics and Computation Thinking By describingthe usefulness afariousdesigns by
comparing the plots and data charts of the energy produced (with different scales of energy anc
amplitude), studentgapartially assessed guarts ofthe NGSS practices @onstructing
Explanations and Designing SolutionsindAnalyzing and Interpreting Data and the crosscutting
concepiof Structure and Function. By comparing the theoretical relationship vs. actual values a
evaluating the fit of the actual data to the Aelationship, students are assessed on the @CSS
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content tandard of 8.F.2 and8.F 4 andpartially assessed dhe CCSSM practice ofMP.3 (as the
task hasio requirement to critique the reasoning of othefs) in Task Component D, evaluating the
fit of actual data to a moddhtasethat followed a defined mathematical relationship, the students
using the math to enhance the assessment of the relationship between wave amplitude and en
thedataseprovides a realistic context in which to evaluate the fit of data to @atieq that defines a
relationship between variabless students discuss data and construct explanations based on dat
Task Component O they can be partially assessed/@8.2, W.8.2.b, WHST.68.2, andWHST.6-
8.2h, writing to inform or explain.

Task Component Easks students to compare the voltage and energy data of two specific wave
converter designs and to consider how differences in the electromagnetic generator used in eac
would lead to the difference in the daBy asking studestto make and justify a claim for which
design is a more effective design, students are partially assessed on the NGS SEngatjcey in
Argument from Evidence. By specifically asking questions about the data regarding component
the electromagnetigenerator, students are partially assessed on NGSS performance expectatio
MS-PS23 andpart ofthe associated practice Afking Questions and Defining Problemsnd the
crosscutting concept @ause and Effect This also partially assesggarts ofthe NGSS practice of
Analyzing and Interpreting Data and the crosscutting conceptStfucture and Function. By
choosing a plotting method for the data, constructing the plot for the voltage and energgpdiating
the data to make a decision about whdelign is more effective in transforming wave energy to
electrical energystudents are assessed on the CEIS®ntent standard & SP1 and the CCS$/
practiceMP.4 and partially assessed bP.3 (as the task haso requirement to critique the reasoni
of others) By being presented with the problem of how to best present the voltage and energy d
graph, the science context is enhancing the assessment of the math standards, whereas the dz
plot areimportant points of evidence essential for the assessment of the science practice and st
As they create and explain graphic representations of dawskiComponent E students can be
partially assessed oN.8.2, W.8.2.a, W.8.2.b, WHST.@8.2, WHSt.6-8.2a, and WHST.68.2b,

writing to inform or explain; and as they create and explain research questions, they can be par
assessed oW.8.7andWHST6-8.7.

Task Component Fasks students wompare the vertical displacement data for two specifiewav
energy converter designs, to consider how differences in the converter design would lead to the
difference in the data, and to decide which parts of each design to keep when developing a new
This partially assesses the NGSS performance expetttMS-ETS1-3 andpart ofthe associated
practice ofAnalyzing and Interpreting Data and the disciplinary core idea BT S1.C: Optimizing
the Design Solution This alsgartially assessegarts ofthe NGSS practicof Constructing
Explanations andDesigning SolutionsEngaging in Argument from Evidence andthe crosscutting
concepts ofause and EffectandPatterns. By evaluatingand comparinglata on the graphs,
students are partially assessed on G&B&ntent standards &F.2and8.F.5 Theinterpretation of
the plotted data is essential for evaluating the design solution while the dajar@adean example
of a situation whie the positive and negative values can be used to indicate distance above or b
set heightAs students explain similarities and differences and explain their reasofiagkn
Component F, they can be partially assessed/é8.2, W.8.2.b, WHST.68.2, andWHST.6-8.2b,
writing to inform or explain.

Task Component Gasks students tevelop and ammunicate the criteria and tradeoffs that shoulg
considered when an island or seaside community decides to shop around for a wave energy co
design. This partially assesses the NGSS performance expectatBi 819 and partially assesses
parts @ the associated practice Afking Questions and Defining Problemsthe core idea of
ETS1.A: Defining and Delimiting Engineering Problems and the crosscuttirgpnnectiorof
Influence of Science, Engineering, and Technology on Society and the Natural WehrBy
communicating their findings in a presentation or report, students are partially assgsagtihe

Version tpublishedNovember2014 Page10 of 26
View Creative Commons Attributiof.0 Unported License at By

http://creativecommons.org/licenses/by/4.0/. Educators may use or adapt.



NGSS practice oDbtaining, Evaluating, and Communicating Information. By creating a report or
presentation, students can be fully assesseitloer\W.8.2, W.8.2a, W.8.2b, W.8.2¢c, W.8.2d, W.8.2
W.8.2f, WHST.6-8.2, WHST.68.2a, WHST.68.2b, WHST.68.2c, WHST.68.2d, WHST.68.2¢,
andWHST.6-8.2f, writing to inform or explairor on SL.8.4, presenting claims and findings orally.

Together,Task Camponents A, B, & Dfully assess the NGSS performance expectation®PS4 1.
The task components assess and integrate the core @&4.ét Wave Propertiesand parts othe
crosscutting concept #fatterns, and the practictlsing Mathematical and Compuational Thinking
in the context of this particular performance expectatiorby relating the general structure of a wa
to the structure of an ocean wave and by using the mathematical models itzedesiterns in plots of
data to make a connection between wave height (amplitude) and wave energy through informat
the amount of sediment carried by a wave and the amount of energy produced by a wave energ
converter.

Evidence Statements

Task Component A

0 Students dravavisual representatiothatshows an ocean wave and correctly indicates an
labels thestill water levelwave height, the wave amplitude, and the wavelength.
Students express thelationship between wave height and amplitude as H=2A.
Students expregberelationship between period and frequency as F=1/P or as P=1/F.

O¢ O«

Task Component B
0 |. Students draw &rendline on the scatterplot arabrrectly derive arquation for the trend
line.
0 I. Students describée relationship between wave height antbunt of sediment the wave ig
carrying as increasing proportionally (i.e. as the wave height increases, the amount of s¢
it can carry also increases).

0 Il. In theirdescription students
0 Includea statement that comparesthé ud e nt 6 s thoseeobtainied frore pea
or the instructar
0 Describepatterns observed among the trendlines, inclutliagimilarities and/or
differences in slope -intercept, and/or fit of data as evidence in support of the
statement.
0 Identify one of the trentinesas most representative of thataset
0 lll. Students construct axplanatiorthatstates that as the wave amplitude increases the
energy of the wave increases.
0 llII. In their explanation, studenigentify and describe evidence from the data they analyz€

including the positive slope of the trendline or the observation from the graph that the an
of sediment carried increases with increasing wave height.

0 Students demonstrate reasoning that connects the evidence, including thatidea
because the amount of sediment carried increases with wave height and because
energy waves carry more sediment, the amount of energy of the wave must also i
with wave height.

Task Component C
0 In their description, students includestatement that the breakwater changes the waves th
reflection transmission, or absorption.
0 In their description, students ci least twabservatios that connect physicatrsictures to
wave property functionsom the model as evidence. Examples include:
0 Waves that hit the breakwater bounced off the breakwater.
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0

Task Component D

0

Task Component E

0

[@]3 [@]3

¢ O«

o0 The amplitude of the wave was smaller after interacting with the breakwater.
0 The waves that hit the breakwater dmt continue beyond the breakwater to the beac
In their description, students includdine of reasoning thabnnectghe observatiosifrom the
physical structures of theodelto the processes of absorption, transmission, or reflection.
Examples intude:
o The wave bounced off the breakwater due to reflection and did not continue past tf
breakwater.
o0 The amplitude of the wave was smaller after interacting with the breakwater becau
most of the wave energy was absorbed and only a small amount ofbhemagy was
transmitted.

I. Students use their analysis to desctiiz the actual measured energy values match the
theoretical values in most of the designs (possible exception of the Pelamis design).

I. Students use their analyssciteas evidence the observation from the plots that the act
data points lie along the theoretical line (possible exception of the Pelamis design).

I. Students use their analysis to desctita because the actual values follow the theoretic
values, the energy produced from ocean waves follows théxelationship.

Il. Students citéhe scale ad range of data from the plots in support of theilysis of varioug
solutions Students desibe:

0 ThePelamisdesign as operating within a wave height range-@fi0to produce a max
energy of 750 kW

o TheAqua Buoydesign as operating within a wave height range45dn to produce a
max energy of 250 kW

0 TheWave Dragordesign as operating within a wave height range-&i0to produce 4
max energy of 7,000 kW

o TheWave Energy Converter S$I8sign as operating within a wave height range- of
5kW to produce a max energy of 20,000 kW.

II. In their description, studeniscludea statement describing oneweadesign as more
effective tharthe others in producing energy and cites differences in the energy productic
a specific wave height as evidenas a result of their analysis and interpretation of the dat
about thavave energy converter designExamples include:

0 TheAqua Buoyproduces the least amount of energy for all wave heights.

0 ThePelamisdesign produces more energy thanAlk@a Buoyfor all wave heights.

0 TheWave Energy Converter S$®duces the maximum amount of energy for the
greatest wave heights, but less thanveve Dragorfor waves equal to or less than 3
in height.

0 TheWave Dragorproduces the greatest amount of energy for wave heights f#2m 0

I. Students create graphical displayhat is arappropriate method of display for the datey
select and create a graphical display twatectly epresents the range in the datad includes
a relevant scale, axis labels, unit labels, legend, and title.

I. Based on their graphical representation, students make thetlckdiime AWS is more
effective at translating the wave energy into electrical energy.

I. Students identify and describe evidence from the plot to support the claim, incthding
larger range in energy values or higher maximum energy value for the AWS over the PE
I. Students evaluate the evidence for relevance and sufficiency for supporting the claim
I. Students construct argumenthat connects the relevant evidencehw#asoning, includin
the idea thabecause the AWS has a larger range or higher maximum energy value, it is
effective at transferring wave energy into electrical energy.

0 Il. In theirdescription studentsdentify the number, orientation, and/opgs of magnets
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and/or the number of copper wire coils as the components that may differ between the t
wave energy converter designs.
0 IlI. In theirdescription students includéhatthecoil of wire and the magnets are the essentig
components in an eleomagnetic generator for making electricgych thathe changes in
these components will affect the voltage generated.
lll. Students developato relevantquestionghatlink a change in a component with a predict
change in the voltage data.
lll. Students desibe a realistic method for answag the questia
lll. Students descrike specific cause and effect relationship between the change in the
component and the predicted effect on the voltage produced. Examples include:
0 Stronger magnets ithe electromagnetic generator of the AWS deswigald produce a
higher voltageelative to the PB design
o Many fewer loops in the coils of the electromagnetic generator of the PB design r¢
to the AWS design would produce a lower voltage.

O«

¢ O«

Task Compment F
0 |. Studentsnake a cause and effect claim between an aspect(s) of the wave energy con
design and the differences in the amount of energy prodnoéidg that an effect may have
more than one cause if appropriate to the claim

0 |. Studentsdentify evidence to support the claim, including

o Patterns inhe similarities and/or differences between the wave energy converter
desigrs, establishing that the design feature attributed to the difference in energy
produced is present in one design andthe other.

0 The differences in energy produced and voltage outputs, to establish the magnit
the difference

0 |. Students evaluate the evidence for relevance and sufficiency for supporting the claim
including an evaluation of whether the evidenggpors causation or correlation.

0 |. Studentsynthesize the relevant and sufficient evidence with reasoning to argueyftine
energy design feature causes the difference in energy produced (e.g. the rope in the PB,
does not transfer all the doward motion of the wave to the magnets because the rope th
connected to the buoy can bend as the wave goes down).

0 Il. Studentgreate (e.gsketch anddescribehe new designidentifyingthe components of
the Power BuoyandArchimedes WavBystendesigns that are useful/kepind identifyinghew
parts of the design that were added.

0 Il. Students descrilthe new desigrprovidingsound scientific reasoning for the choice(s) t
keep, change, or add a design component, as related to the @necggn waves and the
utility of the design to capture that energy.

Task Component G
0 Students develop and present (oral presentation or written report) eclisenéthataddreses
factors specific to the type of ocean waves (height and/or period), the choice of wave en
converter design, human considerations, and environmental considerations.

0 In theirpresentation or repgrstudents makstatements evaluating the importancené
criterion over another or defining potential tramfés between competing criteria.
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Attachment 1. Sediment Load and Wave Height Data Chart for a Spring 2010 Storm Event Off of
the Coast of Shandong Peninsula in the Yellow Sea, China

Amount of Amount of

Sedi.ment Wave Sedi‘ment Wave

Carried by Height (m) Carried by Height (m)

the Waves the Waves

(mgiL) (mg/L)

25 0.15 Table Continued
30 0.15 75 1.75
30 0.25 80 1.15
35 0.35 80 1.30
45 0.25 80 0.90
45 0.65 85 0.90
50 0.30 90 1.55
50 0.80 95 1.25
55 0.40 95 0.45
55 0.15 100 0.40
65 0.55 100 0.35
65 0.20 100 0.75
65 0.30 100 0.55
65 1.55 105 0.25
70 1.10 110 1.55
70 0.70 120 0.70
70 0.45 120 1.30
70 0.75 125 0.95
70 0.45 125 1.05
75 0.70 140 1.50
75 1.10

Dataare derived from:
Bian, S., Hu, Z., Xue, Z., & Lv, J. (2012). An observational study of the carrying capacity of suspended
sediment during a storm event. Environmental monitoring and assessment, 184(1:G046037
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Attachment 2. Sediment Load and Wave Hight Scatter Plot for a Spring 2010 Storm Event Off of
the Coast of Shandong Peninsula in the Yellow Sea, China
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Attachment 3. Data Chart of the Energy Production of Wave Energy Converters at Different Wave

Amplitudes
Wave Energy Converter
Amplitude Aqua Buoy Pelamis Wave Dragon SSG
(m) Actual | Theoretical | Actual | Theoretical | Actual | Theoretical | Actual | Theoretical
0.25 0 3 0 7 360 263 198 198
0.50 11 12 29 29 1190 1050 794 794
0.75 26 26 65 65 2620 2363 1786 1786
1.00 47 47 116 116 4200 4200 3175 3175
1.25 73 73 181 181 6020 6563 4961 4961
1.50 106 106 240 261 7000 9450 7144 7144
1.75 144 144 326 355 7000 12863 9724 9723
2.00 198 188 384 464 16800 12701 12700
2.25 239 238 473 587 21263 16074 16073
2.50 250 294 557 725 26250 19845 19844
2515 250 355 658 877 31763 20000 24011
3.00 423 711 1044 37800 28575
3.25 496 750 1225 44363 33536
3.50 576 750 1421 51450 38894
3.75 661 750 1631 59063 44648
4.00 752 750 1856 67200 50800

Energy data are derived frosimulations of the various wave energy converter designs. The simulations
were run for waves with a period of 10s and various amplitudes. The theoretical values are calculated

following the relationship that: one unit of energy is proportional to onedfimmplitude squared.

Because the energy in kW and the amplitude in meters are not directly proportional, the theoretical
energy
produced for an amplitude of one et

Data are derived from:

v al

ues

wer e

calcul at ed

us i

ng a

ficonver si

Silva, D., Rusu, E., & Soares, C. G. (2013). Evaluation of various technologies for wave energy
conversion in the Portuguese nearshore. Energies, 6(3)-13é4.

Version tpublishedNovember2014
View Creative Commons Attributioh.0 Unported License at
http://creativecommons.org/licenses/by/4.0/. Educators may use or adapt.

Pagel6 of 26
BY

on



Attachment 4. Energy vs. Wave Amplitude Scatter Plots fovwave Energy Converters
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Attachment 5. Schematic Diagrams Showing the Basic Design of tRewer Buoyand Archimedes
Wave SysterilVave Energy Converters.

PB: Power Buoy

The buoy floats on the
surface of the water and

buoy Pulls the magnets up
with the waves.

AWS: Archimedes
Wave System

The moving water
pulls the cap up
and pushes it down
as the wave goes
by, moving the
magnets.

anchored
to sea
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Attachment 6. Voltage and Energy Production Data Chart for thePower Buoyand Archimedes
WaveSystemWave Energy Converters

Voltage (v) Energy (kW)
PB AWS PB AWS
50 190 1 20
55 270 11 20
110 270 4 25
165 320 10 20
200 350 18 150
200 670 60, 150
345 670 40 125
370 700 85 155
375 710 73 160
415 720 79 255
545 890 119 245
900 250
910 265
920

Energy and voltage data are from simulations of the two wave energy converter designs and represent
data from one wave period.

Data are derived from:

Faiz, J., & EbrahimiSalari, M. (2011). Comparison of the performantéam direct wave energy
conversion systems: Archimedes wave swing and power buoy. Journal of Marine Science and
Application, 10(4), 419128.
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Attachment 7. Data Chart of the Vertical Movement of the Magnets in th&ower Buoyand
Archimedes Wave SysteDesigns Relative to the Wave Movement Over One Wave Period

Power Buoy Archimedes Wave System
Vertical Vertical Vertical Vertical
Movement | Movement Movement | Movement
Time | of Ocean |of Magnets Time | of Ocean |of Magnets
(s) |Surface (m) (m) (s) |Surface (m) (m)
0.50 -1.70 -0.55 0.50 -1.70 -2.10
1.00 -1.00 -0.65 1.00 -1.00 -2.10
1.50 0.00 -0.50 1.50 0.00 -1.55
2.00 1.00 0.20 2.00 1.00 -0.65
2.50 1.75 0.85 2.50 1.75 0.40
3.00 2.00 1.25 3.00 2.00 1.30
3.50 1.75 1.30 3.50 1.75 1.75
4.00 1.00 0.90 4.00 1.00 1.65
4.50 0.00 0.40 4.50 0.00 1.10
5.00 -1.00 0.00 5.00 -1.00 0.15
5.50 -1.75 -0.25 5.50 -1.75 -0.90
6.00 -2.00 -0.45 6.00 -2.00 -1.65
6.50 -1.75 -0.55 6.50 -1.75 -2.10
7.00 -1.00 -0.60 7.00 -1.00 -2.05
7.50 0.00 -0.65 7.50 0.00 -1.40

Displacement data are from simulations of the two wave energy converter designs.

Data are derived from:

Faiz, J., & EbrahimiSalari, M. (2011). Comparison of the perfornaarof two direct wave energy
conversion systems: Archimedes wave swing and power buoy. Journal of Marine Science and
Application, 10(4), 419128.
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Attachment 8. Scatter Plots showing the Vertical Movement of the Magnets in tHgower Buoyand
Archimedes Wave Systebesigns Redtive to the Wave Movement OvelOne Wave Period
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