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Design processes are at the center of engineering practice. Solving engineering problems is an iterative
process involving preparing, planning and evaluating the solution. Students should understand design by
participating in each of the sub-indicators (POD-PB, POD-PI, POD-TE) below.

Problem and Background Identification or formulation of engineering problems and research and learning activities necessary to

(POD - PB) gain background knowledge.
Plan and Implement Brainstorming, developing multiple solutions, judging the relative importance of constraints and the
(POD —PI) creation of a prototype, model or other product.

Generating testable hypotheses and designing experiments to gather data that should be used to

Test and Evaluate (POD —TE
( ) evaluate the prototype or solution, and to use this feedback in redesign.

The practice of engineering requires the application of science, mathematics, and engineering knowledge
and engineering education at the K-12 level should emphasize this interdisciplinary nature.

Students should be independent and reflective thinkers capable of seeking out new knowledge and
learning from failure when problems arise.

K-12 students not only need to participate in an engineering process, but understand what an engineer
does.

Students studying engineering need to become familiar and proficient in the processes, techniques, skills,
and tools engineers use in their work.

To solve complex and multidisciplinary problems, students need to be able to understand the impact of
their solutions on current issues and vice versa.

Students should consider ethical situations inherent in the practice of engineering.

In K-12 engineering education, it is important to develop students’ abilities to participate as a
contributing team member.

Communication is the ability of a student to effectively take in information and to relay understandings
to others in an engineering context.
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Landscape of Engineering in State Science
Standards (pre-NGSS)
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State by State Completeness: Number of Key
Indicators Met (pre-NGSS)
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Next Generation Science Standards

4-PS4 Waves and their Applications in Technologies for Information Transfer
4-P54 Waves and their lications in Technologies for Information Transfer
Students who demonstrate understanding can:
4-P54-1. Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause

objects to move. [Csticaien
L!Sr‘" e Boun

w Hil . ) :
4-P54-2. Dmr!lup a I1'ICII‘.|E| to describe that light reflecting from objects and emenng the eye alluws objects to be seen.
=1

[Asmessment Bourdary: Amsessment does not incuce know'edge of spedfic molots reflecied and soen,

4-P54-3. Generate and compare multlple sulutlnns that use pattems to 1:|1nsfer nforrnatlun

Ling Bl

Developing and Using Models P54.4: ‘Wave Properties
Modelng in 3-5 bulds on K-2 expenences and progresses = ‘Waves, which are regular patberns of mobon, can be made » Smiznbes and dferences in patterns an be
to bulding and resesing Smple models and usng mode’s to r waker by disturbing the surface. When waves mave usex to sort and dassfy ratural phenomena.
PECRESENE fnts and Cesign solabions, acess thee surtace of deer waber, e waler goes up and {4-P54-1)
* Deveicp 2 model using an analogy. example, or abstract down in place; there is no net mobion in the direction of * Smilntes and diferences in patterns can be
mpiesentation to dccribe 3 scenlific principle, (4-P54- Thie wanve ascend whon the waber moets a beach, fafe! s 19 50t and dassfy desigred prodacs. (4=
13 This grade band' endboint wes mover fom £-2) (P51 PEA-3)
= Develop 3 model 1 desaribe phenomena, (2-F54-3) 1 Case and Efect
Constructing Explanations and Designing Solutions = Waves of the same tvpe can difer in ampltude (Peighe of v Cxme ang effect relatiorships ane routineshy
Constrctng explanations and designing sclulions. in 3-3 hee wive] and wanelengln (S1adng DeTween wane peaks], ientifec, (4-P54-2)
builcs on -2 experiences and progresses to the use of (4+-P541)
videncs in oorsTructing explanations that speclfy variables PS4.E: Electramagnetic Radiatian
trat demcribe ard predct phenomena and in designing » An object can be smen when light reflected from s surface [’ ions fo Engineering, Techaology,
muRige siniors 0 design profiems. eness the eyes, (4-P54-7) ard Apjaiications af Scievcs
= Gererabe 2nd compane multiple solutions o a problem P54.C: Information Technologies and Instrumentation
brasenl on Pow well they meet the criveria ang » Digkizec information cam be fransmicied over brg Interdep of Sciance, Engl ing,
consiranks of te design salubion, (4-P54-3) diskarces without signficant degradstion. High-tech and Technalogy
devices, cuch 38 compubers or cell phones, can receive ang |« Enowiedge of relevant sciertific condepts and
decode information—oorwert it from digitized form to research frcings s moortant in engresding.
= et fer Nisfers of Seds wize—and vice versa, (4-P54-3) [Ca k]

ET53.C: Optimizing The Design Solutien
Schentific Knowledge is Based on Emipinical Evidence v Different solutions nsed to be tested inorder to determine

= GoieroE PRGings ane based on reccqnizng pamerns. (4- witich of Enemm Best saives the problem, gaven the orferia
PEE-1) and khe constraints. esrmedany fo $-F5-5)

Ciommctions fo oiher OCTs i fourdh grace - 4.PSIA (4-P54-1); 4.P53.B [4-F% ; d.ETSL.A [4-F54-1)
Arbizwdation of DETs acromr grace-leveds: KLETSLA I‘ -P i LPS4.B [+-F54-2); LPSA.C[4F54-1); LETELB [(#-F54-1); 2.ETSLLC (4+-754-3); 2.P5L.A [+F54-1); MEPSL.A
(4-F54-1]; MSPS4. B [4-P52.70; HIS.PS4.C (2.P54-3]; M"\.I_Fp‘.l O (4-P5e- 200 MS ETS4,B [4-P54-3]

COMman Ce Sate SN Cinaseriys

LAy —

RI4.1 Refies 1o detals and exampies in 2 test when explaining what e et says exglicitly and when drasing inferences fram the best, (F-R5830

RI49 Integrate information from bwo tests on the same topic in onder toowete or speak about the subject knowledgeably . [4-F54-1)

SLA4.5 Al wacks moordings and wisual displays o presentations when appopriate o errance the development of main ideas of theres, (08 1L 4-as )

Mathemabes —

MP.4 Model with mathermatics, (@A L fsmsL A

4,641 Draw points, lines, line segments, rays, angles (right, acute, cbbuse], and perpendicular anc parzalied Ines. Idemtify these in teo-cimersional figurs, (F-F54-1 1 (4-F54-
2




Next Generation Science Standards

4-P54 Waves and their Applications in Tech ies for Information Transfer

x = who demonstrate understanding can:
4-P54-1. Develop a model of waves to describe patterns in terms of amplitude and wavelength and that waves can cause

ubjudsin I'I'ID‘H. 'Uarr"n:a' '.-t-:l:rv:'l:: E-:ar;ir_'. ul'rr:d:z-:un-:mdn:l:-: a:rﬂm:. analkogiss, and :Tr'azl madels u:an; wine o lustrate waveength and
am'!lh.l:r: of f

L]
4-P54-2. Dmlulup a model to describe that light reflecting from objects and entering the eye allows uhjatts to be seen.
. 1

[Hsmesmment Bosndary: Assessment does nok incuce knowledge of spedfic miors reflecied and ssen, the celluler mec h:ﬂsm..-:r ey




Next Generation Science Standards

4-PS4 Waves and their Applications in Technologies for Information Transfer

Science and Engineering Practices

constrarts of e design sohtor, (42543

Camawctions fo Mafurs af Seisoe

Scientific Knowledge is Based on Empirical Evideno:
< S:Iu]ﬂmnmmmmw




Next Generation Science Standards

4-PS4 Waves and their Applications in Tech ies for Information Transfer

‘Waves, which are negular patterns of motion, can be made
iri weaker by disturbing the surface. When waves mave
acess thee surtace of deer waber, e waler goes up and
down in place; there is no net mobion in the direction of
the wive axcept when the waber moets 3 boach, Nofe:
Tols gradie band endpoint wes moved fom K-2) (4-P54-
1}
‘Waves of the same type can difer in amplitude (height of
(4-P54-1)

PS4.E: Electromagnetic Radiation

»  fp object can be seen when light reflected from iz surface
eness the eyes, (4-P54-7)

P54.C: Information Technologies and Instrumentation

- ermmhhnsmlmlww

distanoes without significant degradation. High-tech
mmhumwmm-mmmw
detocie information—oonvert & from digitized farm ba

wize—and vice versa, (4-P54-3)

ET53.C: Optimizing The Design Solutien
» Differert solutions need o be tested in order to determine
mmummmmmmm-m




Next Generation Science Standards

4-PS4 Waves and their Applications in Technologies for Information Transfer

Patterns

» Zmiantes and dFferences in patberns can be
e to sort and dassfy natursl phenomena.
(4-P54-1)

» Similanties and diferences in patterns cn be
s 10 S0 and dassfy cesigred produans, (4-

= Enowipdge of reledan scientific congegts and
research frcings s moortant in engresding.
(4-P54-3)




Next Generation Science Standards

4-PS4 Waves and their Applications in Tech gies for Information Tr

Jnl:qr!e irformat it in ondier o write or speak sbout the subject knowlecigea

Al wacks moordings and wisual displays o presentations when appopriate @ errance the development of m.
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Model with magherr




Next Generation Science Standards

4-PS4 Waves and their Applications in Technologies for Information Transfer
4-P54 Waves and their lications in Technologies for Information Transfer
Students who demonstrate understanding can:
4-P54-1. Develop a model of waves to describe patterns in terms of amplitude and wavelength and thatw
ﬂh]Ed‘stD MOVe. [Cartficstion S Exampies of mi

amg f weaves, | [Assessment Boun Sment does
an WEE G, |

Dewelop a model to describe that light reflecting from objects and entering the eye al

[Asmessment Bourdary: Amsessment does not incuce know'edge of spedfic molots reflecied and soen, elukzr mech:

4-P54-3. Generate and compare multlple sulutlnns that use pattems to 1:|1nsfer nforrnatlun.

preserting back 3

4-p54-2,

i ard using Mo code bo e
The performance expectations above were developed using the fllowing dements from the NAC document A Samewonk for X-12 Science Educabion

Developing and Using Models
Modelng in 3-5 bulds on K-2 expenences and progresses
b bslding and revising Smple models sncl Usng modes to

P54.4: ‘Wave Properties
= ‘Waves, which are regular patberns of mobon, can be made

» Smiznbes and dferences in patterns an be

ECFESEE Events and gesign solulinns.
* Deveicp 2 model using an analogy. example, or abstract
mpiesentation to dccribe 3 scenlific principle, (4-P54-

r waksr by dsturbing the surface, When waves move

acmss thee surtace of deer waber, the waler goes up and
dermn in place; there is no net mobon in the direchon of
the wanse asscent whan tha waber meets a beach, (Nane:

e to sort and dassfy natursl phenomena.
(4-P54-1)

* Smilntes and diferences in patterns can be
s 19 50t and dassfy desigred prodacs. (4=

1) Tols gradie band endpoint wes moved fom K-2) (4-P54- PE-I0
= Develop 3 model 1 desaribe phenomena, (2-F54-3) 1 Case and Efect
Constructing 5 and Designing Solutions = Waves of the same tvpe can difer in ampltude (Peighe of v Cxme ang effect relatiorships ane routineshy

Corslntng expanations &g designing solulians in 3-5 he wave] and waglengin [Spadng belween Wi peaks], ientifec. (47542}

builcs on -2 experiences and progresses to the use of (4+-P541)

videncs in oorsTructing explanations that speclfy variables P54.E: Electromagnatic Radiation

trat demcribe anc predict phenomena and in designing s A chiect can be smer when light reflected from iz surface [ ions to Engineering, Techaology:
muRige siniors 0 design profiems. eness the eyes, (4-P54-7) ard Apjaiications af Scievcs

= Gererabe 2nd compane multiple solutions o a problem
brasenl on Pow well they meet the criveria ang
consiranks of te design salubion, (4-P54-3)

P54.C: Information Technologies and Instrumentation
» Digkized information cam be transmigied over kong
distaroes without significant degradation. Migh-tech
denioess, such a8 cormgubins Of Coll phones, can receve and
decode information—oorwert it from digitized form to
wize—and vice versa, (4-P54-3)
ET53.C: Optimizing The Design Solutien
* Different solutions need to be tested inarder o determine
witich of Enemm Best saives the problem, gaven the orferia
ang Ehe -::nstmnls mrgra-f—ﬁs—f -3

Interdap of Sciance, Engl ing,
and Technalogy
« Enowiedge of reesant scentific coroegts and
research frcings s moortant in engresding.
(4-P54-3)

L= etigvis Fay Mafurd of Sei

Schentific Knowledge is Based on Emipinical Evidence

= m"ﬂlﬂi ane based an Rocgnizng pamens. (4-
1

Cimmactions fo oiher (TS in fourdh gracks - 4 PSIA [4-F

Aricdation of IXTe scross grace-leveds: BLETSLA [4-F%

[4-P54-11; ME.PS4.B [4-P54.7); MS.PSA.C (4-F54-3); M"-.Lsi b (4-F5e-2); MS. ET54.B [4-F54-3)

H 2.!‘[51.! [(&-FE4-3); ZLETSLLC (4-754-1); 3.PSL.A [+F54-1); MEPSLA

COMman Ce Sate SN Cinaseriys

LAy —

RI4.1 Refies 1o detals and exampies in 2 test when explaining what e et says exglicitly and when drasing inferences fram the best, (F-R5830

RI49 Integrate information from bwo tests on the same topic in onder toowete or speak about the subject knowledgeably . [4-F54-1)

SLA4.5 Al wacks moordings and wisual displays o presentations when appopriate o errance the development of main ideas of theres, (08 1L 4-as )
Mathemabes —

MP.4 Model with mathermatics, (@A L fsmsL A

4,641 Draw points, lines, line segments, rays, angles (right, acute, cbbuse], and perpendicular anc parzalied Ines. Idemtify these in teo-cimersional figurs, (F-F54-1 1 (4-F54-
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How does NGSS fare?

Examination of the Type of Engineering Included in the NGSS as Measured
by the Key Indicators

Learning Goals (LGs)

Performance Expectations (PEs)

Distribution of Engineering-related Performance Expectations and Learning Goals
Across Grade Bands

49 13 9 13 14
76 19 15 22 20
125 32 24 35 34
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Updated Landscape of Engineering in State
Science Standards (post-NGSS)
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MODELS OF INSERVICE TEACHER
PREPARATION TO INTEGRATE ENGINEERING
IN THE SCIENCE CLASSROOM
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Region 11 MSTP
Math and Science

Teacher Partnership
2008-2015

» 2819 teachers i
» 401 schools
> 42 districts
> 187,457 students
Www.region -



MN: Nature of Science and Engineering PD

5 days across AY

Teachers must come in
teams

PLC between each day

Administrators required
to participate in one
day concurrent PD

Day 1

Day 2

Day 3

Day 4

Day 5

Engineering and
Engineering Design

Design and Redesign
Nature of Science and
Scientific Inquiry

Connecting Science and
Engineering

Modeling and
Celebration

Region 11 MSTP‘*jﬂi
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En g rTEAMS P rOj eCT (ore-1238140)

EngrTEAMS.cq

Engineering as the Pedagogy of STEM Integration

Problem
Constraints/Criteria

Simplifying Assumptions

Claims/Idea/Solution Evidence

Explanation
Justification

Have a personally meaningful, motivating, and engaging CONTEXT
Have learners participate inan ENGINEERING DESIGN task fora
compelling purpose that involves problem-solving skills and ties to
context

Allow learnersto LEARN FROM FAILURE and then have the
opportunityto RE-DESIGN

Include appropriate, standards-based science and/or mathematics
CONTENT

Teach content with STUDENT- CENTERED pedagogies
Promote COMMUNICATION skillsand TEAMWORK

Thread the ENGINEERING and CONTEXT THROUGHOUT the
experience, not just at the beginning and end.

Engage studentsin EVIDENCE-BASED REASONING to
integrate the subjects.

Engineering Design Process
A way to impraove




