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Abstract 
According to the United States Department of Commerce, careers in science, 
technology, engineering, and mathematics (STEM) are growing faster than occupations 
in other areas. However, in-class academic concepts can seem abstract with little 
relevance to a student’s life. There is therefore a need for in-class curricula that links 
academic concepts with real-world STEM applications. 

Over the past 10 years, Texas A&M Transportation Institute (TTI) researchers have 
developed many educational activities for elementary and middle school students (K–8) 
that provide an opportunity to gain hands-on experience and insight into what 
transportation engineering and other STEM careers have to offer. In 2011, a TTI 
researcher taught approximately 300 fifth graders about the scientific principles of 
reflection, refraction, and retroreflectivity through a brief history of sign sheeting, hands-
on activities, and a laboratory exercise. While these activities successfully engaged the 
students, it is not possible for one researcher to visit the numerous K–12 classrooms in 
their area, much less on a state- or nation-wide level. Therefore, TTI researchers 
created a curriculum and associated materials that can be used by teachers and other 
professionals to connect real-world applications in transportation to academic concepts 
to enhance the STEM learning experience for students. 
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Introduction 
According to the United States Department of Commerce, careers in science, technology, 
engineering, and mathematics (STEM) are growing faster than occupations in other areas. The 
transportation industry relies heavily on the STEM fields to solve mobility and safety issues for 
all users. However, math and science scores on average among U.S. students are lagging behind 
those of students in other developed countries. In addition, research has found that most Americans 
thought their traditional STEM related classes were boring and had no relevance to their life (1). 
Methods to change this perspective include engaging students with real-life applications, working 
in teams to solve real-life problems, and/or participating in tours. Unfortunately, most of these 
activities occur outside of the classroom. All of this points to a need for in-class curriculum that 
links academic concepts with real-world STEM applications.  

Over the past 10 years, Texas A&M Transportation Institute (TTI) researchers have developed 
many educational activities for elementary and middle school students (K–8) that provide an 
opportunity to gain hands-on experience and insight into what transportation engineering and other 
STEM careers have to offer. While researchers developed most of these activities for use during 
student visits to TTI, some of the material has been presented to students in a classroom setting. 
For example, in 2011, a TTI researcher taught approximately 300 fifth graders about the scientific 
principles of reflection, refraction, and retroreflectivity through a brief history of sign sheeting, 
hands-on activities, and a laboratory exercise. While these activities successfully engaged the 
students, it is not possible for one researcher to visit the numerous K–12 classrooms in their area, 
much less on a state- or nation-wide level. Therefore, TTI researchers created curriculum and 
associated materials that can be used by teachers and other professionals to connect real-world 
applications in transportation to these academic concepts to enhance the STEM learning 
experience for students. 

Overview of Curriculum 
The following sections provide an overview of the Exploring the Science of Retroreflectivity 
curriculum. The actual curriculum and associated materials are located in the Appendices. 

Connecting the Classroom to the Roads 
Kids see signs everywhere on the road. Some signs advertise businesses, some convey a message 
about a product or service, and others help guide travelers to their destinations safely. The latter 
are categorized as road signs, and while they may look like ordinary signs, there is some amazing 
engineering that goes into every one of them. Most drivers and passengers are completely unaware 
of the science behind the signs. This curriculum seeks to help students use discovery techniques 
and STEM lessons to better understand the characteristics of light as they navigate through the 
activities and challenges that follow the history of road signs. 
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Learning Objectives 
The curriculum was developed to complement traditional teaching methods and meet Next General 
Science Standards (NGSS) and Texas Essential Knowledge Standards (TEKS) for grades 4 
through 6. Specific NGSS and state standards are incorporated into each lesson, with extensions 
and modified lessons included for time allowances and informal education opportunities. After 
completing the curriculum, students will: 

• understand the visible light portion of the electromagnetic spectrum. 

• understand reflection, refraction, absorption, transmission, diffusion, and retroreflection of 
light. 

• have the ability to collect and analyze relevant data and draw logical conclusions. 

• have the ability to design and construct models to test ideas using criteria for functionality, 
effectiveness, and constraints in materials. 

• understand how new technologies help improve current ideas for increased benefits. 

• understand a basic engineering design process including: define, plan, make, test, and reflect. 

• understand how engineering for retroreflection connects to careers and real-world problem 
solving. 

Lessons 
The five lessons described below were built out to the 5E model (engage, explore, explain, 
elaborate, and evaluate) with at least one student activity or lesson per section. Each lesson builds 
from the prior lesson and can be utilized in its entirety or broken apart to meet learning and time 
constraints. Each lesson provides background information, activity plans, a supply list, vocabulary, 
and teacher preparation information. 

Engage – What Do We See? 
In this lesson, students investigate what we see and why. Why is the table black? Why is the chair 
shiny? Why is the rug blue? What if it is clear? What color is sunlight? What is emission? What is 
transmission? What is reflection? What is absorption? How do reflection and absorption determine 
the colors we see? 

Explore – How Does Light Travel? 
In this lesson, students analyze more properties of reflection, including angle of reflection, amount 
of both reflection and absorption, and also diffusion and refraction through various medians. Some 
colors are brighter, some are darker. This lesson will allow students to use their observational skills 
to answer these and other questions based on reflection, absorption, transmission, and refraction 
of light. If a laser is pointed at the mirror, what direction will it go? What colors are better at 
absorbing light? What causes diffusion of light? Can we bend light? 
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Explain – Can We Change What We See? 
In this activity, students investigate how glass spheres can change what we see and how they can 
help drivers see traffic signs clearly in the dark. What makes a sign more visible at night? What 
colors offer better reflection at night? What is retroreflection? How do we bend and bounce light 
back to the source from several different angles, using refraction and reflection to our advantage? 

Elaborate – Can We Control What We See? 
In this activity, students will learn and use the engineering design process. They will design, 
construct, and test retroreflection of a traffic sign to maximize its visibility to a driver at night. 

Evaluate – Can We Make Good Better? 
Students will be introduced to new technologies in retroreflection. Even when things work, 
engineers and scientists are always trying to find better solutions. At TTI, researchers strive to 
develop new ways to make the roads safer for everyone, every day. In this lesson, students will 
compare various retroreflective materials to determine which technologies are the most effective, 
allowing drivers to see them in time to make safe driving decisions. 

Lesson details can be found in Appendix A. Some activities have associated lab worksheets. These 
lab worksheets and the answer key can be found in Appendix B. A presentation slide deck is also 
available (see Appendix C). Slides are provided to aid teachers with demonstrations, student 
activities, and class discussion questions. The slide deck also contains fun facts in transportation. 
The slides can be used in their entirety or as needed. 

Table 1 contains the recommended teaching time for each lesson. The first three units (Engage, 
Explore and Explain) are background lessons leading to the retroreflectivity units (Elaborate and 
Evaluate). Teachers may choose to do all, some, or none of the background units depending upon 
students’ prior knowledge. 

Material Kit 
While a list of materials is available for each lesson so that educators can procure their own 
supplies if desired, TTI has eight pre-assembled kits that are ready to go for a classroom. Each kit 
contains most of the supplies needed to complete the lessons in their entirety (student activities 
and teacher demonstrations), including items that may not be readily available in the classroom. 
Each kit contains both returnable and consumable items for a classroom of 30 students and can be 
customized to meet the needs of several classes (see Figure 1). Items not in the kit include: crayons 
or map pencils, scissors, glue, clear tape, extra paper, and 300 ml beakers or clear drinking glasses. 

3 
SAFE=D 
i':o'7£TV T~U QH o,e"uP TIO N --~ 

~ SAN DLEGOSTAH 
11, UNIVERSITY ~

TexasA&M. 
Tmnsportalron 
lnstilu!e 

}. 

IJVirginiaTech. 
Tn:ins~tiQn lne.titute 



Table 1. Recommended Teaching Time 

ACTIVITY DESCRIPTION TIME 

ENGAGE UNIT WHAT DO WE SEE? 45–50-minute class 

ENGAGE-TD-1 A Rainbow of Light 10–15 minutes 

ENGAGE-SA-1 Rainbow Glasses 10–15 minutes 

ENGAGE-SA-2 Comparison of Colors, Reflection, and Absorption 20 minutes 

EXPLORE UNIT HOW DOES LIGHT TRAVEL? 45–50-minute class 

EXPLORE-SA-1 Angle of Reflection 10 minutes 

EXPLORE-SA-2 Diffusion 15 minutes 

EXPLORE-SA-3 Refraction 20 minutes 

EXPLAIN UNIT CAN WE CHANGE WHAT WE SEE? 30-minute class 

EXPLAIN-TD-1 Light through a Glass Sphere 15 minutes 

EXPLAIN-SA-1 Does Color Matter? 15 minutes 

EXTENSION-1 Measuring Headlights and Calculating Averages 30–45 minutes 

ELABORATE UNIT CAN WE CONTROL WHAT WE SEE? Two 45-minute classes 

ELABORATE-SA-1 Engineering Design Process Challenge 1 hour 30 minutes 

EXTENSION-2 Building Better Models 20–45 minutes 

EVALUATE UNIT CAN WE MAKE GOOD BETTER? Three 45-minute classes 

EVALUATE-TD-1 Prismatic Retroreflection 10 minutes 

EVALUATE-SA-1 A Closer Look 20 minutes 

EVALUATE-SA-2 Test Engineering 60 minutes 

EVALUTE-SA-3 Sharing Solutions 45 minutes 

EXTENSION-3 Creating a Class Retroreflective Sign 30 minutes 
UNIT TIME: time required to complete the entire lesson with information, student activities, teacher demonstrations, and lab sheets. This time 
does not include extensions. 
STUDENT ACTIVITY (SA): time required to complete each individual activity and associated lab sheet. 
TEACHER DEMONSTRATION (TD): time required to complete the teacher demonstration and associated lab sheet. 
EXTENSION: the estimated time required to complete only the extension activity, separate from the unit time. 
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Figure 1. Material kit contents. 
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TTI Retroretlectivity Kit Contents 

Quantities may vary based on the class size you specify. The quantities shown are for a class 
of 30 students. 

RETURNABLES: 
Flashlights with AAA batteries (dass set of 6) 
Prism ( 1 for teacher demonstration) 
l aser pointers with AAA batteries (dass set of 6) 
Pocket microscopes with AA batteries (dass set of 6) 
l ong mirrors 3"x6" (dass set of 6) 
Bicyde reflector (1) 
Large glass ball and stand (1 for teacher demonstration) 
Cube comer retroretlector (1 for teaoher demonstration) 
Clear marbles (75}" 

Colored marbles (approx. 75 each: red, yellow, blue and green)* 
Reflective material: white beaded (#1 ). white prismatic (#2), and yellow prismatic (#3) (6 pieces 

of each type labeled on the back #1, #2, and #3, respectively) 
Protractors {class set of 6) 
*Please return marbles not damaged or used for the class sign. 

CONSUMABLES:** 
Give-aways {class set of 30) 
Diffraction glasses (class set of 30) 
White paper (6 pieces) 
Construction paper (6 pieces each of green, red, yellow, and black) 
Modeling day (2 lb) 
Manila folders (dass set of 6) 
Marbles for directional and c lass signs 
Aluminum foil sheets (15) 
Clear plastic wrap (6 pieces) 
Plastic straws (dass set of 6) 
**Please return any consumables not used. 
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Curriculum Evaluation 
In the fall of 2017, two teachers at Allen Academy in Bryan, Texas taught the Exploring the 
Science of Retroreflectivity curriculum to fifth and sixth grade students. Researchers revised the 
curriculum and associated materials based on the feedback received from the teachers and in-class 
observations.  

Promotional Activities 
On March 30, 2017, two TTI researchers exhibited at the 2017 STEM 4 Innovation Conference 
for K–12 Education in College Station, Texas. These researchers promoted the Exploring the 
Science of Retroreflectivity curriculum, which was under development, and student visits to the 
TTI facilities. 

On January 25, 2019, three TTI researchers exhibited at the 2018 STEM 4 Innovation Conference 
for K–12 Education in College Station, Texas (see Figure 2). These researchers promoted the 
Exploring the Science of Retroreflectivity curriculum by handing out brochures about the 
curriculum, talking with teachers, and demonstrating some of the student activities and in-class 
curriculum evaluations. 

Figure 2. 2018 STEM 4 Innovation Conference exhibit. 
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Additional Products 
The Exploring the Science of Retroreflectivity curriculum and associated materials are located at 
https://tti.tamu.edu/safe-d. Teachers and other professionals interested in using the curriculum may 
contact STEM@tti.tamu.edu for a materials kit or more information. 

Education and Workforce Development Products 
This educational development project focused on the enhancement and expansion of in-class 
STEM activities that connect real-life applications to academic concepts. The target users are 
teachers and other transportation professionals. The student audience is students in grades 4–6. 

Technology Transfer Products 
The technology transfer products included: 

• development of promotional materials (brochure and video). 

• publication of the curriculum and associated materials online. 

• promotion of the curriculum at conferences. 

• development of four “train the trainer” videos (available online). 

• creation of material kits that can be supplied to teachers upon request. 

References 
1. Kennedy, B., M. Hefferon, and C. Funk. Half of Americans think young people don’t pursue 

STEM because it is too hard. Online article published by Pew Research Center. January 17, 
2018. Available at http://www.pewresearch.org/fact-tank/2018/01/17/half-of-americans-
think-young-people-dont-pursue-stem-because-it-is-too-hard/. Accessed October 2, 2018. 
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Appendices 
Appendix A – Teacher Lesson Plans 
Appendix A contains the teacher lesson plans. The five lessons were built out to the 5E model 
(engage, explore, explain, elaborate, and evaluate) with at least one student activity or lesson per 
section. Each lesson builds from the one prior and can be utilized in its entirety or broken apart to 
meet learning and time constraints. Each lesson provides background information, activity plans, 
a supply list, vocabulary, and teacher preparation information. 
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Exploring the Science of Retroreflectivity 
Texas A&M Transportation Institute 
Mehsal7inley 
Sue Chrysler 
St.eph ani e Han over 
Jayson Stibbe 

Overall Objective 

Onr goal is t.o connect real-life appli c,itions in t.rnm-p01tat.ion to academic concept., to enhancer.he STEvl 
(science, technology, engineering, and math) learning experience for students. 

Connecting the Classroom to the Roads 

Kid~ i'ee signs eve1ywhere. Some sigm showhnsinesses, ,ome tell us ahont. fl prodnct or se1vice and 
others help us find our desdruttion. The latter are road signs, and while they may look like ordinary signs, 
there is rnme amazing engineering th,it goes into every• one ofthem. Most. driver.; and pa.,,engen; never 
notice the science behind the signs. Tiris unit seeks to help srndents me discovery techniques and STEM 
lesson, to hetter nnclerst.ancl the characteristics oflighr a, rhey navigate thmngh the acti,~ties and 
challenges thar follow the history ofro:id safety and innovatioru:. Come along for the ride that gu:irantees 
to have yonr students looJ..7ng ont the windows Thith a new perspecr.ive as they travel 1 

STEM with Emphasis on the E 

These lessonE were specifically developed with engineering in mind. This unit is molded to fit the 
standard~ of engineering de,ign ofl\GSS for grades 4---{,. Specific NCTSS and sr.at.e <;l.anclards are 
incorporated into each division, with extensions and modified lessons included for time allowances and 
infcrntal education opportunities. Each lesson provides background information, activity plam , a supply 
liEt, a timetable, and teacher preprn:ation information. The unit is built out to the 5E model ( engage. 
explore, explain, elaborate, and evaluate) with at least one student activity or lesson pe1· section. Each 
lesson builds from the one prior and can be utilized in its entirety or broken apart to meet leillTiing and 
time corntrairus. 

TTI Retroreflectivity Kit for I eachers 

While a list of materials is available for each lesson. the Texas .'\&M Trnnsponation Imtitute (TT!) has a 
kit rnady to go for your classrcoml The kit co1rtains ma;t of the supplies JJeeclecl to complete these 
activities in their entirety, including items that may not be readily available in the classroom. and has 
materials for student activities and teacher demoJJstrntions. Each kit contains retmnable and consumable 
items for a classroom of 30 students and can be customized to meet the needs of several clllSses. Contact 
STEYl@lti.Laruu.et1u Lo aIIar1ge µickuµ m tlelivery ofl11e TT! Relrnreflectivily Kil fo1· your ch1ssroom. 
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RETRORRFJ ,ECTJONI 

RETROREFLECTIOK FOR GRADES 4-6 

LRA RNTNG OR,fll.CTTVF. 

Thc'Ie i, more lo llarllipmtation safoly lhanmeels lhe eye! There is scierKe belrirnl everyLlri:11)1; we se~. 
Rctrorcr1cction builds upon the more common charactetistics oflight. including reflection, rcfra,,,,"tion. 
alisorµlior4 ili1Tusion, and lransmis,ion Lu rnnlrul light in a way L11at makes signs imJ rnallway marker,; 
more visible to driven and our 3lreets and highways safer for everyone. Students will understand these 
rnnceµ,, Llrrlllll1/L STEM-1elald activities lhat y;uide them ir1 ilisrnve1ing lhese lrullis for ll1emselves. They 
"'ill collect, analyze. and draw conclusions with real and relevant data. They will apply new and prior 
knuwledge Lu Jesign modd, lo lesl relrureilediun will1 va1iuus materials. 

After completing this unit of acthities, students will: 

- nnrler,tanrl the viRible light portion ofthe electrnmagnet.ic Rpectmm. 

- un<l~1,lar1<l reiledio14 1·efrnclion, ab,orµlion, lr.u1surissim4 iliITusio14 auJ rdron:dleclion ofliy;bt. 

- have the ability to collect and 8J18lyze relevant data and draw logical conclIBiom. 

- have the ability to design and corntruct models to test ideas usillg criteria for functionality, effectiveness, 
and c01isl1aims in maierials. 

- understand how new technologies help us improve current ideas for incre[)Sed benefits. 

- nnrler,tanrl a basic engineering rleRign proceRs incln<ling: define, plan, make, tea;t, anrl retlect. 

- understand how engineering for retroreflection connects to careers and real-world problem solving. 

FEEDBACK 

We would like to hear from youi Please 3hare your thought3 on how you used the lessons and photos of 
your sluru:ms comµleling anivilie,; along with rnmµleleJ prujens. We also welrnme yuLil experien~~ in 
ways we can work to make the unit even better for teachers, students, and facilitatorn. l'lcase send 
infonnation and µlwlos Lu STEM@Lli.laulll.edu. 
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Student Activities Grades 4-6 
nl\GAGE- WHAT lJO WE SEE'' 

Strnlent.s will investigflte what we see and why. 

Why is the table blai:k'? \\'hy is the chair shiny'? \lJhy is the rng blue? \\ihat if it is dear? What color is 
sunlight'? \Vlmt is emission? What is transmission? What is reflection? What is absorption·> How do 
1eflectio11 ancl absorption cletennine the colors I see? 

EXPLORE - IIO\,V DOES LIGIIT 1RA VEL? 

In this lesson. students will analyze more properties of reflection. including angle of reflection. amount of 
both reflection and absorptio11, and also diffusion and refraction tluough various medians. Some colors are 
brighter. some rn:e darker. This lesson ,\ill allow them to me their observational sldlls to aru,wer these and 
oll1er 4ueslions uas~<l Oil relleLtillI~ al!so1vLio14 lrnnsnru;sioH, arnl 1eJhu.:liou ofli)¥IL. 

!fa laser is pointed at the mirror. what direction will it go? What colors are better at absorbing light? 
Whm. can<es dit'hL~ion ot'light? Can we bend light? 

EXPLAIN - CAN WE CHANGE 1NHAT WE SEE? 

In this activity, students ~ill investigate how glass spheres can change what we see and how they can help 
drivers see traffic signs dearly in the dark. 

What makes a sign more visible at night? \Vhat colors offer better reflection at night'.' What is 
rermretlect.i on? flow do we hend and honnce light hack to the ,onrce trmn severnl ditforent :mgles. ming 
refraction and reflection w our advantage? 

ELABORATE -CAK \.VE CONTROL WHAT \.VE SEE9 

ln this activity, students 1'~11 leam ,md nse r.he engineering design prnce~~- They will design, rnnstmct, 
and test retroreflecti.on on a traffic sign to maximize 1,iEibility ar night to a driver. 

What docs it mean to be effective·> W]Ul! arc comtnrints? What arc criteria for success·> 

EVi\LCi\ TE CA::--J ~'E Mf\KE GOOD BETTER? 

Slu<lenls will be inlrndw.:e d lO new ledmologie,; in relrnr~fienioll. Even wh en llti:ug s w mk, we are al ways 
trymg to find better solutions. At Texas A,&M Transportation Jnstitution. we strive to develop new w ays 
to make the road;; ;;afer for everyone, every day. In tlris unit, studems will compare various retrorefl.ective 
materials to determine which technologies are the most effective, allowing drivers to see them in time to 
make safe <lri vin_g <lecisiorn,;. 
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How can I collect data tl1at are meaningful to my i..nvestigation7 What fuct01s should I conside1· when 
comparing the effectiveness of a product? Does my investigation provide the same opportunities for 
success and failure for all the items tested~ 
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RECOMMENDED TEACHlNG TJMF: 
·1be first three units (J£n):la_o;,, J£xplor< andK,cplain) are backp,roundlessons leadinJ:l to the retrore:flectivity units (Klaborate and 
Evaluate). Teachers may ctJoose to do all, some or none of the background units dependent upon the prior knowledge oftbe 
students 

ACllVlTY DKSCI-UJ''llON Ull.11! 

ENGAGEU.'ITT 'WHAT DO WE SEE? 45-,;0-minutc clas• 

ENGAGE-1D-l A Rainbow of Light 10-15 minuks 

ENGAGE·SA·l Rainbow Glosses 10-15 minutes 

F.NCTMIF·SA-2 (;ompari~on of(;f'A r:n;, Reflectio11, a11rl Ahsmptio11 1.0 minutes 

EXPLORE UNIT HOWDOES LIGHT IRAVEL? 45--~0-mlnute el9'• 

EXPLORE-SA-! Ang! e of Reflection 10 minutes 

i,;x_p LORJ£-SA-2 Diffusion L5 minutes 

EXI'LORE-SA-3 Rdraclion 20 minutes 

EXPLAINUNIT CAN WE CHANGE \\1IAT WE SEE? 30-minutt das• 

EXPLAlli·TIJ·l Light through a Glas> Sphere 15 minutes 

EXPU\.lli·SA·l Does Culu1· Mi:illt"l"? 15 minutes 

iU.TEaVSICl/-1 J.aas-:m.1g Hwcli6Msa.1i ·:-a.1c:1..1at1rg A11erugrs 3Cr--45 mf.'11.~tes 

Retrorenectton begins hert: 

ELABORATE U1'"IT CAN WE CONTROL WHAT WE SEE? Two 4~minutt closses 

ELABOMTE--SA-1 Engineering Design Process Q10llcngc l hour 30 minutes 

EY.TENSIC!f-2 Dw id:ng Cette." l,{odels 2C-45 111i:Ues 

E VALUATE UNIT CAN'WEMAKE GOOD BEITER? Three 45-mtnuie rlall:ses 

EVALUATE•TD•l Prismatic Retroreflection 10 minutes 

J,;VALUATK-SA-1 A Closer Look 10 minutes 

J,;V J\LUAl'K·S/1.·2 Teet Kngineerini:; 60 minutes 

EVALUTE-SA-3 Shoring Solutions 45 minutes 

E).'TE}.iSJC!/-3 Crecti.'ZE '.l -::l02~ P..eirore_JecfJ·.,e S:"grz 3C n:if:u..ie~ 

UNIT' 'ITivIE: Lim~ n:quirt!d tu cunplt!Lt:! Ll~ ruLi.n~ lt:!~SLJIL ttJlh infurmaliuu, sludml ac1..iv iLit~ t.eadnir dH:1tur1!il.raUw1s, a.ud lab !iltt:!t ls. 

This time does not include extimsiom. 
STir:r;·,"1' A:"":1'7fITY ~ A) l.i111~Tt1:J1.ir~d lo c:omph-1.~ "°"( h irnh .. idu:1 ;,ic:li•rly :·m:l ;,i ~;:-.c ,cisi .~d l:ih J 1~~1. 
TEA::HER DEMON8TRATIOJ\ (TD): b.~c r8:::JU1rcd t) com;: Ide b: tco.chcr dcmc,n:::t:-ahoo and ~:::::;ocn:.cd lab :i".cd 
FJo::-Fl.J::;-r(ll.J· t:1P. P.:::t.irr:-:.t.:=!rl timP. n:!1·1irP.rl t.o c:orrpL~-~ mly thP. ~-cfflsic,r ::i::.iTJity, SP.par:st.P. fi'.)fn thP.nnit ti--nP. 
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TTT RETROREFLECTTVTTY KTT 

RETlJRN,\BLES: 
Flashlights with AAA batteries (class set of 6) 
Prism ( 1 for teacher demonstration) 
Laser pointers with AAA batteries ( class set of 6) 
Pocket microscopes with AA batteries (class set of 6) 
Long mirrors 3"x6" (class set of 6) 
Bicycle reflector ( 1 ) 
Large glass ball and stand ( 1 for teacher demonstration) 
Cube comer retroreflector ( 1 for teacher demonstration) 
Clear marbles (75)* 
Colored marbles (approx. 75 each: red. yellow. blue and green)* 
Reflective material white beaded (#1 ). white prismatic (#2), and yellow prismatic (#3) (6 pieces 

of each type labeled on the ba~ #1, #2, and #3, respectively) 
Protractors (class set of 6) 
~Please return marbles not damaged or used for the class sign. 

CONSIDvL\BLES: ,1o1, 

Give-aways (class set of 30) 
Diffraction glasses (class set of 30) 
\Nhite paper (6 pieces) 
Construction paper (need 6 pieces each of green, red, yellow, and black) 
Modeling clay (2 lb) 
Manila folders (dass set of 6) 
Marbles for directional and class signs 
Aluminum foil sheets (15) 
Clear plastic wrap (6 pieces) 
Plastic straws (class set of 6) 
uPlease return any consumables not used. 

NOT l NCLUDED 1N Kff: 
Crayons or map pencils 
Scissors 
Glue 
Clear tape 
Extra paper 
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300ml beaker or clear drinking glasses (class set of 6) 
Materials to make your own Playdci1, if desired 

Student lab sheets are available to download and print, as needed. 

The amount of materials included in each kit may vary based on class size. The amounts 
shown are for a class of 30 students. 
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FORMAT FOR RACH UNIT 

UNIT TITLE 

Each unit will begin with the general topic of what you can expect students to learn. 

There is a host of questions that student, will be able to an,wcr upon completion of the unit. 

M ATERTAT.S FOR STUDENTS 

Per student: rruaterials 

Per group: the kit is designed for a cla,s of 30, 6 groups of 5 students each. Assign groups that work for 
your studems: this is written for 6 groups per class. 

MATERIALS FOR TEACHER 

These are materials you will need for teocher demonstrations or to provide students additionally as needed 
or re4 uesletl. 

VOCABULARY 

The vocabulary :is provided to the teacher and can be presented to students in any llllllliler (e.g .. before the 
lesson, a.s Lhe lessL•n µ10_1!,fesses). 

TEACHER BACKGROUKD 

Th1~ ~ection i, intended to help the reachern navigate each teacher ilemomtrntion, ~mdent activity, and 
cla.,s discussion questions. 

Slides are provided to aid teachers :in each teocher demonstration, student activity, class discussion 
4ueslions, and fun fad.i; in lnu1>1.1m1.ati.on. They c:an ue used wiLh lhe das, :in their enliiely ill as needed 
All units can be completed without the use of the slides except for fun facts :in transportation. 

TEACHER DEMONSTRATION: Unit-:-.rumber: LESSON TITLE 

Each teacher demonstration ,~ill include :instructions, background :information, and provide questions for 
the i'iudents. most found directly on the student lab sheets. 

Clas~ Discussion Questions: These questions serve as quick cltech for the teacher that ,tudents are 
understanding the concepts presented in the teacher demonstrations and1or student activities. General 
answers are provided for teachers. 
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STUDE~T ACTIVITY: Unit-Numbei·: LESSON TITLE 

Student activities "ill describe the activity and objective ofle;Eon. It will also provide teacher insighr and 
special in,trnctions. 

COOL FACT: lmeresting facts that ai·e associated with lesson. 

VIDEOS TOPIC: Title nndLink (Video links :ire also provided in the slides.) 

RXTRNSTON 1: TTTLF, 

LESSON TOPIC. ExteJL5iou activities provide additional activities for some mi.its and are rntique iu their 
purpose. They serve to provide more real-world simulation. data collection. and lllE!h application BS well 
as individual creativity. 

FUK FACTS IN TRA.:srSPORTA.TIO)I (on slides): 
The,e fan fad, senre to connect. the le,sons to the real world ofrmnsporrati mi They can also he nsed as 
w-arm-up activities to preview or review data or as mastery checks to analyze understanding following 
activities. 

STUDEKT LAB SHEET 
A student IElb sheet is provided for each unit. The lab sheet may be used in entirety, act BS a guide, used 
only in JJOition;;, all al lhe Jisuelion of Llie wacher. 
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FNGAGF- WHAT DO WF SFF? 

Students will invcstigEltc why and what we sec. 

Why i~ the tahle black? ,Vhy i8 the chair ~hiny" 'v/hy i~ I.he mg blne9 \\ihat it'it i~ clear? What color i8 
sunlight? il/hat is emission? What is transmission? il/hat is reflection? il/hat is absorption 9 

This lesson is designed to introduce students to the visible section of the electromagnetic spectrum and 
Uituerslaud I.hill visible liyll i, maue UjJ of1mmy rnlms. UnderslanJing Llri.s, students nm bew.Il lo see how 
colors arc reflected 111 cvcl.)1hing around them 

The lab sheet begin~ with background information and vocabulary on emis;;;:ion, tran~mission, and 
absorption of light. This inforrnrn:ion should be completed by the students prior to the teacher 
demonstration. 

MATERIALS FOR STUDENTS 

Per student: Engage Unit lab sheet: diffraction glasses 

Per group: flashlight; various colors of comtrnction paper (white, green, red, yellow, and black); clear 
plastic ,Hap; red, orange. yellow, green, blue. indigo and violet crayons* or map pencils* 

*items not included in Tll klt. For this acuvity, studcrlls can wntc as Bn altcmru:ivc to colon ng. 

MATERIALSFOR TEACHER 

Surtlig}ll 01 while liglll µrojeclor*; JJiism 

*Items not included in TTI kit. 

vor-AR1JLARY 

Wlrile Liy1l: Lhe rnml.ii:rrntion ofrmmy different wavelengths ofliiqLL from Lite diffeienl µarts of L11e visiule 
light spectrum 

Emission the production and sending out of light or energy. 

Transmission: light moving through a medium such as air, water, or glass. 

Medium: a substance through which energy or light travels (e.g., space, air, or water). 

Ah~orption: light i~ not. retlecten, hnt. imt.ead, r.aken in and conven ed to heat. 

Reflection: light waves bouncing off ofa smface. 
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TEACHER BACKGROUKD 

TEACHER DEMONSTRATION Engage-I: A Rainbow of Light 

Hold the prism up to the sunlight or other source of white light in the classroom. Explain that the sun 
emils lii;ltl, whichi, Lrn:nsmilled through various mediums. Tite sun µrnduces artd senw; while lii;ltl 
through the prism, which separates white light mto the component colors of red, orange, yellow, green, 
blue, iniligo, and violeL (ROY GB rv). You will need lo rmike sme Lhe lighL falls onlo a wlriLe surface for 
students to view the colors with optimal difforcntiation. Students will color in the colors E111d/or write the 
rnlor for each rny oflighL on llte lab sheeL. Exµhri.n 11ml we see Lhe rnforn of a rni.nlmw i11iliviuually or in 
combination such l:lS teal, l1:1Ycndcr, pl.Ilk. brmvlL etc. 

STUDE~T ACTIVITY Engage-1: Rainbow Glasses 

Students will look through diffi:action glasses at other sources of white light, such as the overhead lights 
in the clas.,mom, lmnp,, etc., and descTihe whar. colors and patterns they see. T ,FD light. hnlhs 1\ill produce 
all the colors (ROY G BIV). This ,~m give each student a more individual approach to the investigation 
and allmvt.hem a unique way t.o explore t.he color, of ROY CT RTV. There are retlection questions on the 
lab sheet for this activity. If there is a window in the classroom, remind students to NEVER LOOK AT 
TTllcSlJNI 

STUDE~T ACTIVITY En!!,a!!,e-2: Cumpiuison of Colors, Refled.iun, aml Abs01ptiu11 

Students will shine tlashlights at various colors of construction paper to determine color and will rank the 
various colors according to the amount of visible ab•rn:ption and reflection on the lab sheet. Any color 
construction paper may be used; white, black green yellow. and red construction paper are provided in 
the kit as they represenl conuuon traffic sign colors (choose four colorn). The classroom will need to be as 
drn:k as possible for students to perform the investigation. Explain the differences between reflection and 
absorption or have the students define them prior to this activity. Black should absorb the most 811d reflect 
the least. White should be the opposite: absorbing the least and re!lecting the most. ~tudents have an 
explanation on their sheet about why each object is tire colm that it is. Objects appear white when tire light 
r eflects; conversely, we see all the colors as the white light bounced back In black, all the colors rn:e 
absorbed, and we see no color. For red, green, and yellow, all colors are absorbed except for the red, 
green, and yellow, respectively, that reflect or bounce back to our eyes. causing us to see red. green and 
yellow. The darker colors should have higher absmption while the lighter colors should have higher 
reflection. 

r,Jass Disrnssion Qnrstion: Hold up orpoinr to vaTirn1~ ohject.s ar01md t.he mom (or use I.he slide 
provided). What color, or colors, are reflected for each object? What color, or colors, are 
absorbed9 How do you k.now'i 

FUN FACTS IN TRANSPORTATION: 

The fun fucts in transportation are located in the slide presentation. 
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STUDENT LAB SHEET-E>IGAGE 

A smdent lab sheet is available in the SE fomrat for u;ie at the teacher's discretion. 
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EXPLORE - HOW DOES LIGHT TRAVEL? 

In thi, lesson, student, will analy,'e more properties of reflection, including angle of reflection, amount of 
rnflection aud absorption, diffusion, and refraction through various mecliwus, Some colors are brighter, 
some are darker. This lesson will allow students to use their observational sldlls to answer these and other 
qu.esliuns l!as~d on1ellec:liu1~ aLs01plion, lnmsrrii,sion, icllttl refradiun of light. 

!fa laser is pointed at the mirror, what direction will it go? What colors are better at absorbing light? 
Whflt. canses difhL~ion oflight? Can we bend light? 

MATERIALS FOR STUDENTS 

Per student: Explore Unit lab sheet 

Per grnnp: tl ashlighr; faRer pointer, mirror: protract.or, ,;trnws: clear beaker~ or glass* tilled 21.l with 
water" 

*Items not included in TTI ldt. 

MATERIALS FOR TEACHER 

Kone. 

VOCABULARY (Building from engoge) 

Diffusion: scattenng of light as it passes through a medium or is reflected from one. 

Refraction: the bending of light as it passes through a medium. 

TEACHER BACKGROUKD 

STUDJ!~T ACTJVlTY Hxplorc-1: Angle ot" Hct1cction 

Remind students of the dangers of shining la~er poimers at each other. All lasers should have a clear path 
through a medium and to a target. 

Students will measure the angle of re ll.cction on a flat mirror to determine the path the light will travel. 
Students will shine the light from three different angles to the center of the protractor, collect data, 
analy,'e and draw conclusions on angles of reflection on the lab sheet. This activ1ty 1s designed to discover 
lhal Lhe imgle ufrniledionis equal lo Lhe incitlenl angle oflii;hl eme1irw;. While L11e adual angles of 
incident and retlectic:m are mec1snred !tom the normal line. or perpendicnlar 90° mark, this activity ,~ill 
still allow students to see that the light rerlect;;; from the mirror at the same angle it strikes the mirror. This 
works best in a semi-dark room with either clear protractors ( supplied) or with markings drawn or taped 
along each angle to help the students shine accurately along each angle. This can be a bit difficult if the 
students move r.oo mnch. Tl c1ve them rnnnd to the neare.;t_ lo·>_ 
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Class Discussion Question: We can see the sign al1ead because it is daytime. In mral areas, sjgns 
are placed 12 foet to the right of the road. At night. when a vehlcle' s headlightE shlne on a sign to 
the righr of the road (click to show arrow gojng from headlight to sjgn), according to the angle of 
reflection where should the light end up going? (After some discrnsion. click to show arrow 
leaving sjgn). As 11,e <ppruach i/,e sign, ihe rejlf!Cied light ·wuuf,l tru,,e/ uwuy from 1J.e sign u/ the 
same a.ngle OW' headlights struck the su,face. This makes the sign d(fficuilfor the driver to see at 

night. 'Nhere <loes lh~ li¢tL n~ed Lu go fur <lriwr lo be abl~ Lu ,ee ,md read lhe sii;rt ai rriyLl? 
Why? Back to;rard the driver. T/1111 is why sign maJerial is er1gi11eered to retroreflect, or send 
lighi had, in ihe direc/iun of the vehicles. 

STUDE:"l"T ACTIVITY Explore-2: Diffnsion 

Students will shine a laser from a pointer through wrinkled clear plastic wrap to illustrate diffusion of 
l~hL Wlllii happens lo lhe light a, iL lJIIBS~, Llu-ough Lit~ me<limrr? The light ,;hould sL:ailer in many 
different. ways and diTect.iom. Tn r.mn~p01tat.iCTT1, where would we see I.his occur: min, snow, m fog? 

Class Discussion Question: Why would you use your low beam (cli.m) headlights jn fog rather 
than your high bernn (bright) headlights? This activity should help students understand diffusion 
uf lig/n ff7,en lighl is ili(fi,sed ii sw/1ers. Tim brig/,/ hw1llights will pru,,iile more lighl fur ihe jug 
10 .scatter, making it loo difficult for the d,·iwr lo see 1he road. The dim headlights prwide less 
lighi am! shine slighily duwn, under /he Jug, maAing ihe markings un /he rmul more visible. 

STUDE:"l"T ACTIVITY Explore-J: Refraction 

Students will exanune how light travels. They Vi'lll \iew light reflecting from straws, a, well as Jig.ht from 
a lase1· poirLler as L11ey c-:real.e irmiges in beakern or dear dri:rili.ng j!lasse, ~onlairrirJ?; walei-. What haweri;; 
to the appearance of the straw m the water from different po3itioru'/ What happens to the path of the 
light? This investigation illustrates refraction: how would you explain and define refraction? Refraction is 
the bending of light as it is changes speed. As it travels through different o~ects (the water), the light 
dilll1ges speed and Lum; as il slows d0w11 m ,peed, UJJ. Rain OIi sigrn; and pavemeIIL markirJ?; ~reaie, 
Terraction, making them more difficult to see. 

For best results, use 300 ml beakers filled with 200 ml of water or equivalent size dear glasses. 

The angle of refraction change, with the interaction between the light and the particles in the medium 
indnding r.emperntnre and wavelength ofthe light. The light in these examples, as shown hy the straw and 
the laser. bend when they pass through the center of the glasE and even more as they pass through closer 
to the onta,ide ofthe gh•s or heaker. 

Cl.tss Disrnssiuu Quesliou: ht A:me1ic,J, low beam J~atlliglLis JJIOvide a ilislribution oflighL lo 
illuminate the roadway in front of and to the right of the driver. There are limits on the amount of 
light Llllil gues up llIIU lo the ldl. \Vhy? Vehicle headli{fiIS in America help the driver see road 
signs and pavement mco*ings but prew11/ light from shining directly into the eyes of drivers in 
oncoming vehicles. Wruat about in countries where they drive on me o,her side of the road? In 
coumries 'l'here they dril'e on the left. 1heir headlights would need to shine more to the lef1. 
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STUDENT LAB SHEET - EXPLORE 

A smdent lab sheet is available in the SE fonnat for u;ie at the teacher's discretion. 
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EXPLAIN - CAN WR CHANGE WHAT \VE SEE9 

In thi, activity, students will investigate how glas, ,phcrc, can change what we sec lllld how they can help 
drivers see traffic signs at night. 

What makes a sign more visible at nighl? \Vhat colors offer better reflection at night? What is 
rer.rnre tl ect.i on? 

MATERIALS FOR STUDENTS 

Per student: Explain Unit lab sheet. 

Per group: clear. red, blue, yellow and green marble (one of each color): flashlight; white paper; black 
c0nsln.J.:Lion pciJJeI 

MATERIALS FOR TEACHER 

Gla,, .;phere: laser pointer: white paper: foil; tla~hlight. 

VOCABULARY 

Retrorer1ectiorr light reflected back to its source with a minimum of scattering or diffused light. 

TEACHER BACKGROUJ\D 

TEACHER DEMONSTRATION: Explain-]: Light Through a Glass Sphere 

When driving at night, we need signs lO reflect light-not at we 311gle ofreflection, but back toward the 
source in order for driver, to see the s1grn. We call th,s ret.rnretlection. Retmretlection 11~e, retr~ct.ion and 
reflection to manipulate the light back w,vard the vehicle's headlighls with some controlled diffusion. 

Setup the laser and glru,s sphere as shown on the next page lllld in online dcmomtration. bmurc that there 
is a while smface (paper) behiml Ute )!lass sµhere aml light sDurce ( wall m µaµer). PDsiLion 1Dlil1lelfnear 
the light source. Position students to the 3idc of the demonstration; theiL view should be similar to the 
image Dn Ute next µage. Mcike sme lhe path of lhe laser is visil•le lo sw<lenls, uul frnm Uris artJ?le Lhere 
should be little to no actual light from the lru,er going towrn:d the students. However, remind them not to 
!Duk Jin~cLly al lhe laser light. Slrine II~ lighl sudt Llllil lhe sLU<lenls cart <leLernrine wltere Ute ligltL gDes as 
it passes through the sphere . .'Jote: the light will scatter in various directions, so test before class to ensure 
students are µosiLionetl a safo Jislaru;e away from lhe tlemorIBlrnLiDIL 
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Students will illustrate and describe tln:ee scenarios: 

1. Fir,t, ~hine r.he tla~hlight. at. the ,phere repre,enting 

jSTLDJ.;.'JTS' 

a vehicle'~ headlight .. 
2. Second, shine the la;;er pointer through the sphere. 
1. Thinl, pface a piece ot'frril in ti-om. ohhe whir.e paper (yon can wrap the foil around a tile folder 

to make ic sturdier) and again shine the laeer light through the sphere. 

The glass sphere will bend lllld reflect the lighr back toward you and the students. This is retroreflectioJL 
You CiJIL alslJ wrnJJ foil arnuml Ute lmck half lJf the SJJ]urre lo im.aease the effed, but you will 11eec.l lo use 
the flashlight rather than the laser as the reflected laser may be hrnmful to your eyes. Don' t emphasize this 
lasl effocl, as sluuenll; will wmk lo fi)!ure oul lliis mell1od in L11e nexl lesso1L Refer back lo lhe ill uslrntio11 
on the lab sheet to verify that the students described retroreflection as light bouncing back toward the 
source. 

STUDE:'fT ACTIVITY: Explain-I: Docs Color Matter? 

students discovered through the teacher demonstration that glass spheres can bend and reflect light in a 
way to create retroreflectivity. But does color matter? Students will place marbles of five different colors 
(one clear and fonr additional col om oftheir choice) onto a white or light. colored ~,rrface, ~hine the 
flashlight into them, and record what they see. They will rank them fiom 1-5 on how brightly they reflect 
light 

Chtss Discussiuu QuesUous: Have sludems di,;~w;i,; lltis and then allow ll1em lime lo try il out 

and see ll1e resulls. \¥hy <lid we ]Jlace lhe maibles on a wliile m liytl rnlore<l surface? The liRfiter 

color would not absorb the light.from !he.flashlight but would instead allow it to reflect it back 

through the marble. 

What ifwe placed the marbles on a dark srnface? Would it change how much ligltl they reflect? 
Yes, Jhe darker surfilce .,.,vuld absorb much of ihe lighi, nv/ uJ/v..,.:ing ii Iv rejlel'l b,u:k through ihe 

marble and to our eyes. This would make the marble appear much dimmer. While there is 
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rnntrw;J, the idea here is fur the Aids Ju see Iha! lighl be !u"ml am! immediaiely surrounding !he 

marbfr ail='•·for bet/er reJ1eclion of light. La/er !hey may cumbine tJu·, con mp/ will, con/ru,Hing 
rnlurs l•e/'l•een 'l'urdslsymbols and the b,i,-k15rouml uf the .·ign. 

COOT, FACT: The marhles light np and retroretlect much the rnme way c1s cat.•~ eyes (ormc1ny other 
lilllII1Jilals) when alight shines on them in the dark! The m[l[bles seem to be glowing. but really they are 
just retroreflectingl 

VIDEO- RETROREFLECTIVITY: ReLroreflective Materials: MAC RiA.UE PDplus 

https:.1.1ww,,v.youtube.com1WEtch?v=rDRTmymu>fyE 

EXTENSTOl\ 1 : MEASUR TNCT HFADUCTHTS ,<\ ND CcALCcULA TTNCT A VER AGES 

FROM THE HEADLIGHTS TO THE DRIVER'S EYES! This oclivily is recorrmLernled for 5Lh grade 
and above students and involves data collection and analysis using averages. Students will work in pairs 
or small grouµs. 

Using a meter sticl{. have students gather dma on 1 O different vehicles from the teacher parlctng lot. 
Measure the height fu_-.m the gro1md to the approximate center of the headlight. Allow each group to select 
and measure any 10 vehicles of their choosing and calculate the average height. Have the students record 
their findings and compute an average. Share and compare averages. 

Class Discussion Quesllons: What makes a good sampling of vehicles? How do you know? 
Why could 1t be beneficial to get some measurements from many different types of vehicles? A 
good samplingwou/d include measurements.from a variety of vehicles rather than the same 1ype. 
P.venjinther, the ,mnpJir,g should mimir, the pacrntage., ofead, type qf vd,ide 011 the road 
10day. 

The average driver sits I. I meter or l lO cm above the roadway. Why is this an importfill.L number 
lo know? We need to know the avera[,!e driver eye hei~ht so we crm calculate 1he obsen,aiion 
angle (angle between headlights and driver's eyes), which impacts the ahility of drivers 10 see 
1raffic signs. 

What role does retrorefl.ection play for the driver to see this sign? To see the sign, retrorejl.eclion 
must take place. 

Willi! µrope11ies ofliglil Jo we see hapµenin)l; in relrnrefieclion? Retrorejlei:tiim is possible with 

1he emission and uansmtssion of the light to the sign.followed by refraclton, reflection, dlffl1Sion 
and /Wen some absorption around the lettering The truck needs sligh1ly more diffusion so that the 
angle of obse~·ation is great enough that the light shines up to the driwr. The sign will not work 

with reflec1ion alone, which 1s where glass beads come in. We do not need abso1ption in the 
lettering or transmission 1hrough the sign/or retrorejlection. 
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FUK FACTS IN TRA"'JSPORTATIO>f 

The fun fans in transportation are located in the slide presentation. 

STUDENT LAB SHEET - EXPLAJN 

A smdent hih sheet is available in the :'iF. fonmit for n'lE at the teru:her's di serer.ion. 
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FT,ARORATF-CANWF CONTROT, \\71-fAT WE SEE? 

In thi, activity, students ,\ill lcfilll and use the engineering design proccs,. They will design. comtruct, and 
test rntrnrefiection on a traffic sign to maximize visibility at night to a driver. 

What does it mean to be effective? \Vhm: are constraims? What are criteria for success? 

BRAINSTORM ._. 
~ idea• and soluliono ,.,,,,,,. DESIGN 

IDENTIFY 
the proillcm 
o r ohallcng~ 

ENGINEERING 
DESIGN 

PROCESS 

Engineering is about developing solutions to problems and challenges in our world. The Texas A&M 
Tr:mspmtation Tmhtnt.e works every day toward solution~ in ,1ll aspects ofr.rnnsp011.at.ion. They conanct 
over 700 research projects e[lch year on fand, sell, and in the air. 

The engineering de5ign process 1s fluid. It does not have to begm or end at a particular point. One 
important asµeu of Lhe prnce,s i, lo ,hare solutiom; :ctlorlJ!, lhe way with 0L11ers. EIIJ!,irteering is L11e de,ii,;r1 
and hnilding of new ideas. 

Part 1 a: Define the Problem (f eam): What is it t.har. yon are hying to accomplish~ Ont.hi~ 
challenge, we hope to achieve maximum rctrorctlcction on a sign, so that it is easily visible to drivers at 
1J..igh1. 

Part 1 b: Brainstorm (Individual): All ideas are a good idea aJ. llris sLage. Here is where 
creativity is neeclecl, and no reas,m,1hle idea is ·wTong or had. This part of the process helps students n~e 
what they know and combine it with imagination. 

Part. 2: Design (Individual): Kow it is time to work through all of the pros and cons of each 
id~a. Here you will lake inlo ,m.:ounl lhe c.:1ilrua, c.:onslrainls, am) mate1ial; you have available. K eep in 
mind the o~ cctivc, whm you rn:c specifically trying to accomplish. At this point you ,\ill pm your design 

SAFE=D - ---- - ~ ~---i==~---i':o'7£ TV TMROu aH oii"uPT""j"j;";;j 
~ SAN DLEGOSTAH 
l:i.. UNIVERSITY ~

TexasA&M 
Tmnsportalion 
lnstilu!e 

IJVirginiaTech. 
Tn:ins~tiQn lne.titute 



29 

to pape1· with attention to each detail. Does it meet the proper niteria for success? Does it use only 
materials that are av::rilable? 

Part 3a: Design (Team): .l\ow 1t 1s time for the students to share therr idea, with their team. They 
will need to analyze the best ideas and raise questions/concerns about ideas (in a respectful manner). The 
teams ~ill combine their ideas into one de,ign and draw it Each team shonld al,o dncnment the materials 
u.,ed. Remind them that they can only use mateilllls from the original list. 

Part. 3b: Create (Team): The teams ,~ill create their signs. 

Part 3C: Test and Evaluate (Ieam): The teams ~ill test out their signs and evaluate the 
results. Each team will record their own positive (what worked well) and negative (what didn't work well) 
re,nlts. ff F.xten;;i on 2 i, not n~erl, each team rnn a"imply stand at the same location, tnm off the lights, 
hold a flashlight up, and analyze their result,. You can use two flashlights to mimic headlights. Make sure 
the sigm and lights are in the same position for each presentation (height of the observer and sign 
matters). 

Part 3D: Redesign (Team): The teams will think about how they would redesign their signs to 
solve any JJiol.,lems. Teams should tfo~w11c11l llungs l1111y mighl dia11g.: aml why . 

.Part 31£: Share Success (f eam): Share successful solutions with others. What are some 
feature, that the successfi.il projects have i.i1 common? What wa, the best feature on your prr!iect? What 
was the best feature of another project? How could you combine them for even better results9 If you had 
more time, or other resources, how could you improve on your sign? 

MATERIALS FOR STUDENTS 

Per student: Elaborate Unit lab sheet 

Availahle per grnnp: clearmarhles: colored marhle, (red, green, hlne. and yellow): cl fly or Playdoh**: 
manila folders: coru,trurtion paper; I½ sheets of aluminum foil; rulers'"; scissors'"; glue'''; clear tape''' 

*Items not included in TTI kit. **Item can be made by the teacher for use if preferred to clay. 

SPEC! Al. NOTE TO TEACHER OK M ATF.RTAT.S 

1. Each student group will be allowed 12 marbles of any color. 

2. Each group ,~ill use one manila folder for the base of their sign. They may add any of the other 
materials to the sign im:lucli.iig variou, colors of comtrnction paper. 

3. If you pre for to make Playdoh rather than use the modeling clay provided, here is an easy recipe for 
teacher made PlHyrloh that. mflke, 2 1/2 cnp,: 

• 2 cups plain flour ( all purpose) 

• 2 tablespoons vegetable oil 
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• 1/2 cup salt 
• 2 tablespoons creiim ofrnrt.ar 

• UJJ lo 1.5 rnJJs warm water (ar.liling in innemenll;) 

• food coloring ( optional, leave out for white) 

• few drops glycerin 

MATERJALS FOR TEACHER 

Darkroom*; flashlights on stand* or set spot (represems headlights); place to hang sign* 

''Items not included in TT! kit. 

VOCABULARY: 

Effective smce,still in producing I.he desired result 

C1ile1ia: rul~(,;) or JJiirKi µle( s) for evaluation. 

TEACHER BACKGROUJ\D 

llere ,tudent., will le am the engineering de,ign process to design and con,tmct a retmretlective sign. 
They will begin by defining the problem and then work toward a solution. 

STUDE~T ACTJVlTY: Elaborate-I: Engineering Design Process Challenge 

St.ndent.s will pnt I.heir nnden-tanding of the engineering design prnce,, to work hy experimenting with a 
variety of ideas to make a sign with high retroreflective properties. All students should have the rnme 
criteria, const.fllinrn, and materials for each ,ign; however, I.hey ,honld he encouraged to n•e their 
imaginmions as well. It is also a good idea to allow groups to work privately to provide for a greater 
number of original ideas when they share with the class. The challenge on the lab sheet simply calls for a 
directional sign. Some variationB to theiI signs might be spacing of the marbles, depth of the marbles in 
the ,ign miiteri als, rnlor ofrhe head, the hackgrnnnd ofthe ,ign he hind t.he heacts (e g. , plain, foil 
background, foil molded around the bottom portion of e[lch nmble prior to placement). 

Each group: Share with the clas, the best tlnng about your model. Complete the lab sheet, writing down 
gooJ iuelolli learneJ from oilier groups. 

Class Discussion Question: What factors contributed the most to the retrorerlectivity of the sign? 

EXTFNSTOl\ 2: Rl:TT.DTNG RFTTFR MODFLSI 

As a class or for ead1 gruuJJ, tlesii;n a Le,l car with Il:.llililiglils for lieaJliglils anJ seals for Lite Jriver anJ 
front passenger. Use tins model to meru,ure the success of the retrorcflection for each group's 
retroreflective sign. Ideas for constmction include using chairs aud tables, cardboard ooxes or a 
combination of things already found ill the classroom. 
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Make sure the model cars are fur enough away that light can travel to the sign with enough room to 
retroretlect back to eyes of the drivers. Remember there are Lm·ge, tall trucks on the road carrying heavy 
loads. 

FUK FACTS IN TRA~SPORTATI0::--1: 

The fun facts in transportation arc locmcd in the 'llid.c presentation. 

STUDENT LAB SHEET-ELABORATE 

A swtl.:rLI lab she.:l is availalJle in lhe 5E fonnat for Uilfa al the lea<.:her·s ili,;nelion. 
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EVALUATE-CAN \VE MAKE GOOD RETTER? 

Students will be introduced to new tcchnologic, in rctrorcflection. Even when things work we rn:c always 
trying to find better solutions. At the Texas A&l\1 Transp01tation institute. we strive to develop new ways 
to improve the safety mid mobility of the tmmportation system for all users. In this unit, students will 
cumµare various relroreiledive 111aw1ials lo Jelemrine wlrid1 ledmolu~es are l11e mosl effoclive, 
allowing drivers to sec them in time to make safe driving decisions. 

How can T collect dal.athat is meaningtiil to my investigation? What. racton. shonld T consider when 
c ornpru::ing the effectiveness of a product? 

MATERlALSJ·OR STUDENTS 

Per student: Evaluate Unit lab sheet; eJ1.ira pape1·* 

Per Group: sign sheeting materials (one piece each of#!, #2, and #3 ): rlashlight; pocket microscope 

*ltems not included in TT! ldt. 

MATERlALS FOR TEACHER 

Cuue ~ornenelrorefleclm; h1se1µoi.ule1 (video alternative); uicyde reflector 

VOCABULARY 

Pri;;rnatic: having the form ofa prism or collection of prisms 

TEACHER BACKGROlJKD 

When driving, it is important w see and read signs with plenty of time to react. The type of retrorerlective 
mat.erial attect.s I.he dist~mce ar. which drivers can see and read signs. Tncreases in speed and mass ofthe 
vehicle require a longer stopping distance and thus drivers need to be able to ,ee and read the Eigns from 
as tar away as possihle. 

TEACHER DEMONSTRATION Ev.tlu.ti.t:-1: Prismatic Reu·ureflecUun 

The teacher will show a brief video and1or conduct a demonstration using a laser pointer on a cube comer 
retn.--.reflector to demonstrate how the prismatic retroreflecto~ work. Thi~ clemorntration shows how light 
is rer1ected off multiple sides to reflect bock toward the light source. You rnn al.so demonstrate the 
retroreflection of the bicycle reflector included iii the kit by changing the angle ofth.e t1ashlight. 

Below i;;; the link to a video that both explains retroreflective cubes mid also provides some great visuals! 

https:/fwwv,.voutube.comfwatch?v-S4vYq3lcpvc 
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LIGHT 
FROM 

., ------ TEACHER 

..... 
~ 

CUBE CORNER I 

STUDE'.'<T ACTIVITY Evaluate-1: A Closer Look 

Provide each student group with numbered sign sheeting mocerial (ti 1, //2. and :13) and a pocket 
microscope. The stuclents will clescribe and illu,trate what they ,ee through tire microscope for each piece 
of sign sheeting material. 

STlJDR'ff AC.TlVTTY Rvalnate-2: Test Rngineering 

In this aclivily, slu<lertls will be challenged lo sel up L11ei1 own investigation ill urdei Lu rernmmernl l11e 
most effective retroreflective rruu:crials based on their data from the first two activities as well as 
il&mnalion rnlleded and analy,:eu ill ar1 irtwstigalion of l11eir own. The emphasis on this activity is ead1 
group s ability to design and carry out a relevant investigation. They will agrun follow the cngincenng 
design process lo develop L11eir invesligalion artd will arIS>Ver quesliori,; JJTov:ide<l, as well as Lheir own 
questions. 

The sign sheeting material is all conrniercial-gnide, ,o it is very bright at dose clistances making it 
difficult to tell them apart. Strategies to help students differentiate between the sign sheeting rrraterials 
iridude: dimmer flashlight,, further di'>laru:es away from sign sheeting material, and creating overlays 
"ith construction paper that can be rotmed irl different directions ( e.g .. a letter or shape). 
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STUDE~T ACTIVITY Evaluate-3: Share Solutions 

They will share their investigation ,~ith the class through a brief presentation, relaying the test they 
de~igned ,ilong wir.h r.heir tin dings, analy~i~, arnl ot'ticial recommenrnt.ion for one ofthe ret.rnretlect.ive 
materials ( 1, 2, or 3). Presentations can vary from oral presentations only to more formal presentations 
;1,1th vis11J1l airk 

EXTENSIOK 3: CreatirJ?; a Cla.s Retrnieflective Sign! 

Let's put the A into STEM and move into STEAM I "Csing glass marbles or beads and/or prismatic 
materials from the cornrnmable container of the TT! Retroret1ection Kit, create a special retrmeflective 
sign orkeepsal<e for the classroom Ideas include the school mascot, school initials, teacher's name, 
school name, logos. motivational wording, and morel Hang it up and enjoy' Please share a photo with us. 
Please would love to see what retroreflection looks like in your class! 

FlJKFACTS TN TRA"'JSPORTATT0'-1 

VIDEO Evaluate: The link is fowid below and also on the slides. 

Here is an article and video about one of3M's engineers who helped develop the retrorerlectors of today. 
He has some great advice on perseverance and creativity when working on engineering pr(!j ects. 

"How the powerqf perseverance helped lead to a road safety breakthrou1;h" 

http://www.3m.com/3M/en US/particles/all-articles/article-detaiV~road-traffic-safety-reflective-signs­
visibility?storyid=2cb8314~358~4924-BOOe-
cc2b75191237&wt.z ch=fb&wt.z cp=applied to life&v,t.z mt=photo&~\/1:.mc id=road+safety2077 

Additional fun facts in transportation are located in the slide presentation. 

COOL FACT 

VIDEO: Reh-oreflection on the moon! 

This e>.1ra video shows how we use retroreflectors on the moon and a laser to see how far away the moon 
is from Earth at any grven time! Cne of the testing facilities 1s here m Texas! 

M)1hbusters Mooa Hoax Retroreflectors: htt ps / iwww.youtu be .comi;1,alclt'?v-V mV x SFnjY CA 

STUDENT LAB SHEET-EVALUATE 

A student lab sheet is aVllilablc in the SE format for use at the teacher's discretion. 
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STANDARDS - NGSS AND TEXAS TEKS 

NGSS: Next Generation Science St.andards 

Engineering Design: 

3-5-ETSl-l. Define a simple design prnblem reflecting a need m want that includes specific criteria fm 
success and con,,""traims on materials, time, or cost 

3-5-ETSl-2. Generate and compare multiple possible ~olutions to a problem based on how well each is 
likely to meet the criteria and constraints of the problem. 

3-5-ETSl-3. l'lan and carry out fair tests in which variables arc controlled and failure points arc 
comidered to identify aspects ofa model or protot}pe thar can be improved. 

l\1S-ETS1-1. Define the criteria and comttuims of a design problems with rnfliciem precision to ensure a 
successful solution, taking into accou1l1 rnlevant scientific principles and poteirtial impacts on people and 
the natural environmem that may limit possible solutions. 

MS-RTSl-2. F.wilnat.e compehng rlesign solntion~ ming a systematic pmcess to detennine how well they 
meet the criteria and constraints of the problem. 

l\1S-ETS1..J. Analyze data from tests to dctcmune similarities and differences among several design 
solutions lo idc1Llify l11e best d1illane1isli~, of ead1 lhaJ. \:illl be ~ornl~ned i1Ll0 a new ,oluli.vn lo uetler 
meet the criteria for succ css. 

MS-ETSl-4. Develop a model to generate data for iterative testing and modification of a proposed object, 
tool, or process ,uch that an optimal design can be achieved. 

Science anrl Rngineering Pradke~: 

Asking Questions and Defining Problems -Define a simple design problem that can be solved through 
the developmem of an object. tool, process, or system and includes several criteria for success and 
constraints on mateii.als, tim.e, 01 ca;t_ 

Crosscutting Concepts- Influence of Engineering, Technology, and Science on Society and the Natural 
Worlcl. People's need,s ancl want~ change over r.ime, as do r.heir demands for new and improved 
technologies. As trajJlc grunw and speed llmils rise, lhere is tt greater need for nwre effective 
communicationfrom traffic ,rig11s. (3- 5-ETSl-l) 

Engineers imµrnve exiiiliiig 1edmol0gies or <.kwloµ new ones lv iru.:reas.: lheiI b.:neftls, <knease knvwH 
risks, and meet societal demands. (3-5-E'J'S 1-2) While there are e/Jective ll'af.Jic signs. impr~·eme11t is 
sttn possible tluough 11ew and lnnovalive technowgles and resources. 
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Disciplinary Co1·e Ideas: 

ETSl.B: Developing Possible Solutions -A solution needs to be tested, and then modified on the basis 
of rhe te~t re~nlt,, in order to improve it.. (MS-f:T8 l 4) Prototypes andsh{ll'ed resulfs between teams 
offer« wiile rttnge of new soh1tions. 

ETSl.C: Optimizing the Ucsign Solution - Although one design may not perform the best across all 
lesLs, idfiltlifying llie chanu:leril,tics of 11ie design l11at performed lite be,l in eadL can provide u,dul 
information for the redesign process, that is, some of those chrn:acterig:ics may be incorporated into the 
uew dc,ign (MS-ETSl-3) Whl!n l't:Vl!Tal tli;{Tl!rent optfons creullitl and tes(l!d, e,wineer~· can lLW a 
multitude oftlie best results when crelliing a final, most effective prodllcL 

GRADE SPECIFIC 

GRADE4 

4-PS4-2. Develop a model to describe that light reflecting from objects ll1ld entering the eye allows 
ol~ eels to be seen. 

1 -P S1 -3. Gene rare and compare multi pie solutions thar use patterns to mmsfer information. 

MJDULE SCHOOL 

MS-PS-2. Develop and use a model to describe that 'Naves are reflected, absorbed, or transnutted through 
vrn:ious materials. 

Disdplinary Core Tdeas 

PS4.B El~cl.rumagn~tic Radiation 

When light shines on an object, it is reflected ah;orbed, or transmitted through the ol:!ject. depending on 
the oliect'R mateti,il ,1ndthe freqnency (rnlor) ofthe light. (vlS-PS4-2) 

Th~ µath Lhat light lrnvels mu ue lrac~d as slmi.gl1t lims, exLCeJJl cit lhe surfaces belwi;,en differ~nl 
transparent materials (e.g .. water and air, air and glass) where the light pl:lth bends. (MS-PS4-2) 

A wave model of light is useful for explaining brightness, color and the frequency-dependent bendi.J1g of 
light llt a surface between media. (MS-PS4.2) 
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Texas Rssential Knowledge Standards CTEKS) 

KNOWLEDGE AND SKILLS 

GHAD.1£4 

4.2. Scientific investigation and reasoning. The student uses sciemific methoos during laboratory and 
outdoor investigations. The student iE expected to: 

A. plan and implement dcscnptive investigatiorui, including asking well-defined questions. 
making i11f~e11~es, and seled:i.Jig and using ~µroµriaie equiµmeni or ledmologies lo answer 
his!her questions; 

B. collect and rncord data by observing and measm.ing, usi.ng the metric sy,ten~ and using 
descriptive words and numerals such as labeled drawmgs, writing. and concept maps; 

C. construct simple tables, charts, bar graphs, and maps ming tools and current technology to 
organize, examine, and evaluate data; 

D. analyze data and mtcrpret patterns to construe! rca,onablc cxplanatiorui from data that can be 
observed and measw:ed; 

E. perform repeated investigations to increase the reliability of results: and 

1'. communicate valid oral and wmten result, ,upported by data. 

GRADE5 

5.2. Scientific investigation and reasoning. The ,tudent uses scientific methods during laboratory and 
outdoor inve.tigations. The student is expected to: 

A. desc1iue, plan, cn1tl implement simple exµe1i111enlal :i.J1vesligaiiorn, lesl:i.J1g one vcniable; 

B. ask well-defined questions. formulate testable hypothesis, and select and use appropriate 
erptipment ~nd technology: 

C. culled :i.Jdonnmion by del<li.led observation,; and accmaie meas111ing; 

D. analyze and interpret information to construet reasonable explanrni.om from direct 
(observable) and indirect (inferred) evidence; 

E. demonstrate that repeated investigation,; may increase ,he reliabili,y of result.; 

F. communicate valid conclusions in both wli.tten and verbal forms: and 

C:. rnn~tmcr. apprnpri at.e i'iimpl e graph,, tahleR, m~pR and chart~ n~ing technology, including 
computers, to organize, examine, and evaluate information. 
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GRADES 4 AJ\D 5: 

~ .3 and 5.3: The student uses critical tlrinking and scientific problem solving w make infonned decisionB. 
The 'itn<lent is expected to: 

A . .i.it all fields of science, analyze, evaluate, and critique scientific explanat.iorn by ru;.utg 
empuical evidence, logical reITToning. and experimental and observable te,ting. including 
examiniug all si.tle,; ufscienlilic evitlence oftho,;e scientific exµlanal.ions lu encourage critical 
thinking by the st udcnt. 

D. connect grade-level appropriate science concepts with the history of science, science careers, 
and contributions of scientists. 

4.4 and 5.4: The student knows how to use a variety of tools and methods to conduct science inquiry. The 
sluuenl i,; ~xµeded lo: 

A. collect, record, and analyze information using tool,, including calculators, micro,copes, 
cameras, computers, hand lenses, metric rule11,, Celsius tltermometers, mirrors, sp1i11g scales, pen 
bru.ances, triple beam balances, gradllllted cylinders, bea1{8rs, hot plates, meter sticks, compasses, 
cullecli..Iig n~ls, :mJ nold.JOoks; Li..Iui..Itg tlevices, irn:ludi..Itg docks and sloµwatdies; anti makrials lo 
suppon obscrvatioILS of habitats or organisms such as terrariums and aquariums; and 

R 1L~e safety eqnipment, inclniling safery goggles and glove~. 

CONTEJ\T SPECIFIC 

CRADE 5 

:'i.6.C:: Denrnnstrnte t.hm light. r.ravels m a i'trnight lme until ,t st.Tikes an ot'!Jecl. ilT lrflYel, throngh one 
medium to anotller and demonstrates that light can be reflected mch as tlle use of mirrors or other shi..Ity 
snrfuces and ,efulcted ~nch a~ the appearnnce nf an object when nhserved thrnngh water. 

GRADE6 

5.2. Scientific investigation and reasoning. The student uses scientific inquiry metllods dming laboratory 
and tield investigah ons. The ;;;t_ndent is expected to: 

A. plan and implemem comparative and descriptive inve3tigations by making observations, 
asking well-defined questions, and using appropriate equipment and technology; 

B. design ancl implement experimemal inve,tigations by making observation~, asking well­

defm~d questions, fonnulatir1g le,;Lable hyµol11es~s, arnl using appropriate equipment and 

ledmology; 

C collect and record data using the International System of Units (SI) and qualitative mearn such 

as labeled drawings, writing, and graphic organizers; 
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D. coustmct tables and graphs, using repeated trials and means, to organize data and identify 

patterns; and 

F. am1lyze data t.o formnlare reasonable explanm.iom, cmnmnnicate valid conclu;;;ion, snppmted 

by the data. ancl predict trends . 

.'i.l. 8cienr.itic inveshgntion and rea,oning. The i'tndent uses critical t.hink'ing. scienhtic rea.soning, and 

problem soh~ng to make informed deci,iom and hrnw, r.he conr.rihnt.ions ofrelev:mt ,cienti,t,. The 

sm<lent i,; expected to: 

A. in all fields of science, analyze, evaluate, and critique scientific el\l)lfillations by using 
empirical evidence, logical reasoning. and experimental and observational testing, including 
examining all ,ides ofsc1ent:ific evidence of those scientific explanations to encourage critical 
trunking by the student; 

.l:l. identify advantage, Ellld limitations of models such as size, scale. properties, and materials; and 

C. relate the impact of research on scientific thought and society, including the history of science 
and contributions of scientists ilE related to the content. 

- - ~ .11:111----~ll::===>ll _____ _ 
~ SAN DLEGOSTAH 
l:i.. UNIVERSITY ~

TexasA&M 
Tmnsportalion 
lnstilu!e 

IJVirginiaTech. 
Tn:ins~tiQn lne.titute 



Appendix B – Student Lab Worksheets and Key 
Appendix B contains the student lab worksheets and the answer key. 
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STUDENT LAB SHEETS 

Lab sheets are available for each lesson in the 5E format for use at the teacher's discretion. 

The lesson is labeled in the top right corner of the first sheet. Ex: EXPLORE 

Suggestions include: 
• completion by students and inserted into science journal 
• concepts, vocabulary, drawings, and information written into science journal 
• use part or all of the lab sheets as content, time, and materials allow or are desired 
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What Do You See? 
KEY VOCABULARY com lete as ou o 

emission of light: 

transmission of light: 

absorption of light: 

NURHM 
Light is emitted fiorn a soLJce. Tile 1•~1ne light comes in 
contactv,1111 objects. Some objects transmlttl1e li~1t or let 
it shne right through, such as clear pla,iic er the glasses 
you put on Some objects take in the light and change 
the energy into heat This is known as absorption. DIiler 
oojecls bounce the light right off a rurlace. We call lhs 
reflection. Many o~ects oo a bn of all of these. Whoo we 
look at objects we see 1Nhat crAor or colors are reflected 
to our ei•es. Since all colors are contained inwl1ite light, 
oojects tl1at appear 11l1ite 10 our eyes bounce back Rll 111:l 
col ors l~e1her and we see 1•,lli1e. 

1Mien we look at a ripe banana, all of tl1e colors shine on the lianana. The llanruia alisorbs all the coltls (ROYGBIVl excel)! yell!lN. Yellow reflects bad\ to oor e)'es and we see a 
yellow banana. Using this logic, explain to a partner why plants are green. 

How Does Light Travel? 
The &in emits energy in thefonn olwaves. TI1ese 
waves 1r~,,el tliro~l1 space at tl1e speed of ligl1t and 
make up the electroma(Jle1ic spectrum. Each t11ie of 
wave has a different wavelmgih (1he dislanl)) betwem 
each wave). As too distance betwoon 1he waves gets 
smaller, the en IJQJ of the wave incrnas~ oocause 
ll11Je are more v1a1Ies in a st111trr amount of time. 
1/{rtrin lllese dif1erent wavelengths is a spocial Jcup of 
waves called l'i$~e ligllt. Ths light is what allows us to 
see a11111e oojects arm1d ll> TI1e ot1er wa:,•es in t11e 
electromagnetic spectrum are imisible to cur eyes but 
are able to be dete:ted using s~cialized e(J.lipmmt. 

1, Which waves have 117e most energy? 

ELECTROMAGNETIC SPECTRUM 
IN( RCASING [NCRG'i' 

Ulllt '" .... IJL_ .•. PA" :: 

2. Where is visible light located on the electromagnetic spectrum above? What does this tell us about its energy? 

3. What other waves have you heard of on tile electromagnetic spectrum? List them below and then share out loud witll a partner or 
the class what you know about each. 
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TEACHER DEMONSTRATION RAINBOW OF LIGHT 

Based on your observations, answer the following questions. 

1. What is visible light? 

2. List three objects that produce and emit light? 

3. What color does light appear to be? 

4. We call natural light ''white light''. What happens 
to the white light as it shines out the other side 
of the prism? 

STUDENT ACTIVITY - 1 

RAINBOW GLASSES 
Using 1he rainbow glasses [l"l"lidoo in the kit look in1o 
tile lights around your class-oom. 

1. Pick your favorite light pattern. In 
the box, illustrate and describe what 
patterns and colors you see. 

2. The glasses tell you about the lights 
that shine around you. How is it 
different than looking just with your 
e~es? 

DRAW AND EXPLAIN HERE: 

Complete the diagram 
below. Color and label 

each ray of light. 
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STUDENT ACTIVITY · 2 COMPARISON OF COLORS, REFLECTION, AND ABSORPTION 

Place the pieces of construction pal)er on the desk or table in front of you. With the lights off, shine the flashlight on the 
center of each color and rank the colored paper 1rom brightest (1) to the least bright or dimmest (4). 

PAPER COLOR WAS MORE LIGHT ABSORBED OR MORE LIGHT REFLECTED? RANK 

1. Does absorption or reflection make an object appear brighter? Explain your thoughts. 

2. If objects that absorb light convert the light energy to heat energy, which color object would absorb the most light and increase in 
temperature most easily: black or yellow? Explain your answer. 

3. In conclusion, explain how reflecfion and absorption determine which colors we see and how bright a color appears to our eyes. 
You may use an example to help explain your answer. 
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How does light travel? 
;;;;;+; 

Light tra~els m waves in a straight line at tile spood of light, 300,000 kilometers per socmd, ttnugh space. As li(llt trn,,•els or is transmitteo or mo,1es through othlf materials tile 
light is slowed dovm. Sometimes tile light beoos, or is refractoo. other times it is reflected, absorbed or diffused. Some objects are better at refleciing light oth1Js are better at 
absorbing li~t Let's e1plore some materials am seewha-e tile light goos! 

STUDENT ACTIVITY - 1 
ANGLE OF REFLECTION 
Let's see if we can figure out 11,1iat tl1e angle of refloctim is by doing a 
test We will be shining the las1J at an angle 0120°. 50', and BO', wha-e 
do \'Cl.I tllillk the light will go? Fill ill below. Will1 tl1e probactor sitting 
against a standing mirror, shine the laser do11n the left side using !he 
inner measurements. While one team member hclds tile laser sleadi• 
have anotller team member measure tile angle of tJle reflecioo lastf m 
tile nght u~ng the outer angles. D1aw lines oo 1he diagram to the right 
to show where your light travels each lime. Round to the nearest 
10 degrees. Also, fill in below. 

HYPOlllESIS 

20' 

50' 

80' 

CONCLUSION: 

20,,,,,, 

OBSERVED 

1. Is the angle that light hits and reflects the same or different? 

mirror 

Inner Measurement 

BO' 

2. If you were to shine your headlights on a street sign that is off to your right, where do you think the light would go? 

3. Would it be easy or difficult to see that sign at night? Explain. 
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STUDENT ACTIVITY - 2 DIFFUSION 

Take a ~ece of cleru ~astic wrap. Wad it up in1o a ball so tl1a1 it s1ays togethet, but oottootigl1t. Hold it a 
few inches abt11e tlie st11face of 111e table. Sl1irll the laser printer into tl1e t~i fiorn a boot 2-3 inces aliove. 
An5Wtl (J.lestioos aboot 1•1r-me the light ~es bllow: 

Draw arrows to show light everywhere 
you see it after it hits the ~astic. 

1. Is any light reflected off the plastic? 

2. Is any of the light absorbed? 

3. Is any light transmitted through the plastic to the table? 

4. This investigation demonstrates DIFFUSION. Based on your observations, how 
would you define diffusion? 

5. How would diffusion of light be helpful or harmful in transportation? 
Explain your thinking. 

STUDENT ACTIVITY - 3 REFRACTION 

Usi11g a 300ml beaker or clear d1i11king glasses, fill it 213 1•ntl1 water. 
First place a straw in 1he middle of 1he glass. 

Looking beside the glass from the front, draw what 
you see in the water below. Repeat for number 2, 
placing the straw closer to the edge of the glass. 

Describe what you see in each glass. 

1. Glass #1: 

2. Glass#2: 

3. What do both paths have in common? 

table 

4. Which path shows the greatest difference from the actual straw? 
Explain. 

r - lJ 
1 2 
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STUDENT ACTIVITY - 3 REFRACTION CONTINUED 

Sl1i1-e a laser li~11111rough tt1e liquirl aml lmt tt1ml1:Jll the top of tt1e gla~. Fi1st sl1ine 
tile light tllrou~ tile middle and 1hen thrwgh closEf 10 the side. 

Draw the 1>ath of the laser light for each below, 

1 -,■)--------,\ 

2 -,■}----""--

Describe what you see in each glass above. 

1. Laser #1: 

2. Laser #2: 

3. What do both paths have in common? 

4. Which shows the greatest difference from the entry 
light? Ex.plain, 

REFRACTION refers to the bending of light. Based on your above observations, answer the following questions. 

1. Did light from the straw and the laser bend more or less when closer to the outside curved surface of the glass? 

2. If water bends light, where or how might what a driver sees change in the rain or snow? 
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Can we change what we see? 
,,,,w, 

TEACHER DEMONSTRATION LIGHT THROUGH A GLASS SPHERE 

01}3 
.. 
. 

0 
. 
. 

0 --
. 

Wll en pe~le drive their veli cles they 
11eed to be 8!Jle to see sig11s that are 
l1igl1 i11 tl1e air am or, tl1e si<le 01111e 
rood. Forthistohappen11eneed to 
co111bi11e reflection, re1raction and 
diffusion so that tile light from tile 
headlights re1urns to the 11ehicle. 

Briefly describe what the 
light is doing in each 
picture. 

.. 

. 

. 

1. Where does lhe li!iltfrom the flashlight go as It is transmitted throig, lhe glass ball? lll16lrate and describe. 

2. Where does the liglt from the laser go as It is transmitted through the glass ball? Illustrate and describe. 

3. When metal is placed behind the glass ball, ooes this chaflle what yru see from the laser pointer'/ 
Illustrate and describe. 

Whal happens when lhe teacher 111aps the foil on lhe back of the glass sphere? 

REFLECTION DIFFUSION 

REFRACTION RETROREFLECTION 
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RETRO REFLECTION combines refiection •11ith refraction and some diffusion to help drivers better see road signs. 
Based on your obsmations, describe how relroreflection worlis 

STUDENT ACTIVITY - 1 DOES COLOR MATTER? 

Place the five vanous colored marbles on a white or light colored surface.Holding the flashlight in front of your chin, shine the light at each 
marble and record what you see. Describe how the light retroreflected with each color and rate them 1-5, brightest=1, dimmest=5. 

COLOR: COLOR 1: COLOR 2: COLOR 3: 

CL!oA'R. 

RANK RANK RANK RANK 
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Can we control what we see? 

En~noon~ is aoout rle11elopi11g nf!.11 scMons to prrlilerns aml challenges in our wo~<I. TI1e T~as A&M Transportation 
lmtitu1e works every day towards oolutioris i11 all aspects of transportation. Tile,; corJJuct over 700 researd1 projects eac/1 
year m tlie land, sea and in the air. 

BRAINSTORM ,...._ 
,, ;''"'"''"'"'~"' - DESIGN 

IDENTIFY 
the problem 
or challenge 

ENGINEERING 
DESIGN 

PROCESS 

~ 
f'>~ 

Jfs 
()~ 
WO: SHARE 
a:o SOLUTIONS! 

The engineenng oof'ign process is fllid. It does not have to begin er end at a partiClllar point. 011€ important aspect of 
the process is to st1are solutions along t11e W'J-11'.ilh otl1ers. E11gi11eeiing is tl1e de~111 and building of 11~N ideas. 

KEY VOCABULARY 

Hi+l■iidii 
TEAM 

CHALLENGE: 

Design and build a 
directional sign to achieve 
maximum retrorefloction 

to the driver with 
headlights at night. 

MATERIALS: 
12 marbles 

clay or play-doh 
rulers 
foil 

8" x 11" manila folder 
construction paper 

scissors 
glue 

clear tape 

As a class, define each of the following words and determine how they are important components of engineering. 

effective: 

criteria: 
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STUDENT ACTIVITY • 1 ENGINEERING DESIGN PROCESS CHALLENGE! 

PART I: DEFINE THE PROBLEM OR CHALLENGE 
With your team, state your challenge. What is it that you are trying to accomplish? Decide this as a group. 

ONCE YOU HAVE DEFINED THE PROBLEM OR CHALLENGE AS A TEAM, YOU WILL WORK ALONE ON THE NEXT' 1WO STEPS! 

BRAINSTORM: ALL ideas are good ideas at this stage. Here is where crea1ivity is needed and no reasonable idea is bad or wrong This part 
of the process helps us use what we know and co111 bine it with i111agination. Did you ever hear 111e saying, '· two heads are better than one? "Well 
here EACH team member should come up with their own idea or ideas to share with the group. Work independently and write down all your 
ideas here. 
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PART 2: DESIGN 
INDIVIDUAL: Continue to work alone to complete your design. Now it is time to work t11rough all of the pros and cons of each idea. 
Here you will design a sign that tells drtvers to turn right. You can use pictures or words or both on your sign. Make sure your sign fulfills the 
criteria and uses only the materials allowed. This desi~n is your very own idea that you will share with the group after completing your design and 
answering t11e first two questions below. Be creative. 

YOUR PERSONAL IDEA FOR THE SIGN 

What do you like best allout your personal idea? Why? 

What do you have the most concern about your personal idea? Explain. 
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PART 3: TEAM DESIGN 
With your team, design again. Combine eacl1 member's design into one so that you maximize your great ideas for a successful design that 
meets the criteria. Be very detailed in your drawing and lahel all items. While not eve I)' idea will he a part of 111e team sign, all ideas help generate 
solutions. Part of 111e engineering design process is working through ideas to find the best solutions to 111e problem 3M Engineer Tim Hoopman 
said," Be a risk taker. Let your failures be your education and your successes be your legacy. " 

TEAM SIGN DESIGN (everyone should have ihe same sign here) 

MATERIALS LIST: 
Be very specific, ex: 3 red marbles. Remember you can or~LY use maierials from the original list 

CREATE: Make a sign using the team's best ideas. 

TEST & EVALUATE: Test out your sign and evaluate the results. Record all positive and negative results. 
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REDESIGN: Redesign to solve any problems witl1 your sign. Document some things you might cliange to the design. Did you consider varying tl1e 
rleptl1 of marbles, adjusti11g t11e spaci11g 1Jetwee11 marbles, or cl1a11ging wliat is l1ehincl eacl1111arl1le or marbles? 

FINAL TEAM SIGN DESIGN 

SHARE SUCCESS: 

Share successful solutions with the class, not only the finished product, but the steps you took along the way. 

What are some features that successful projects have in common? 

What was the best retroreflective feature on your projoct? Why? 

What was the best retroreflective feature of another project? Why? 

How could we combine all the team's best work for even better retroreflective results? 

If you had more time, or other resources, how could you improve on your sign? 
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Can we make good better? IMU·h·I 
STUDENT ACTIVITY - 1 A CLOSER LOOK! 

Using the packet microscope, laok at each piece of sign sheeting mate rial more clooely. Describe and illustrate what you see for each. 

1 2 

STUDENT ACTIVITY - 2 TEST ENGINEERING 

As veliclestr:r1(j on our roads, some travel more slo11.1y ttlrough neighbomooos or school crossings, wll ile those traveli~ on the hig~Nays are going much fastfM'. As yoci gofastoc, 
is it harder or easier to stop-J Before answenng, try ttlis qlick test. Walk around ttle classroom at a normal pace. Have someone in ymr (J'Olll tell yoo 11.!ien to st(ll. H:we tile 
otht1s watci1 to see IMi qlickly you are able to come to a complete stop. Next find a clea1 space tl1at yourteaclierwill allow you to 1u11 Take otf as fast as you can and again ha'le 
someme in your grmp tell you v.11e11 to stop ru1d have tl1e 0U1ers oliserve. Discuss 1his quick imes1igation as a group to rletermine yolll results. Was it easier to stop quickly Imm a 
walk or a run? Explain yo11 reaming 

N~N ima~rie 1·ehides m t11e roa(ls, going slow and going fast. T11e important 
tl1i11g aoout traffic signs are that drtvers are able to S/Je and read U1em in 
time to !~low t11em. Wlicl1 of the reflective n'3terials would allci.'1 dn•.'ers to 
read a ~gn soonfM'·) In (Jderto recommood one of tllese prooucts you will 
need to use all of \'CU plior in11estigatil/e knowlooge as well as d~gn an 
ir-.Jestigation to provide evide~ethat supports your rocommendation iiitll 
scientific proof. 

Your group will act as test en~11eers m this activity Test en~neers rle~gn 
expllirnents thei• can test on prooucts in order to assure 111€'11 meet tl1ei1 
requirnments. You 11ill be u~ng the ertiineeiing de~g11 prncess to conduct 
yourin'!estigation. Rather than engiooer a proouct you will engineer a 
method of tasting a produ::I to verify its eifecti~eness lo retroreflect 

BRAINSTORM .. 
~ •-• andsoluHons DESIGN 

IDENTIFY 
the problem 
or challenge 

ENGINEERING 
DESIGN 

PROCESS 
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IDENTIFY the problem or challenge. What is the problem you are working to solve or question you are trying to answer? 

BRAINSTORM ways to solve the problem. What are some methods you could use to test the materials. Remember all ideas are 
worth writing down and considering! 

DESIGN your investigation. After discussing your ideas, narrow your investigation down to the investigation that will give you 
answers that will best help you solve your problem. Describe your investigation design in detail. 

CREATE your investigation. Set everything up and prepare to investigate! 

TEST AND EVALUATE! Conduct your investigation and record ALL observations, data, and more below. Draw any data charts, 
graphs and more you will be using to collect and analyze your data. Use a separate piece of paper as needed. 
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STUDENT LAB SHEETS 

Lab sheets are available for each lesson in the 5E format for use at the teacher's discretion. 

The lesson is labeled in the top right corner of the first sheet. Ex: EXPLORE 

Suggestions include: 
• completion by students and inserted into science journal 
• concepts, vocabulary, drawings, and information written into science journal 
• use part or all of the lab sheets as content, time, and materials allow or are desired 
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What Do You See? 
KEY VOCABULARY com lete as ou o 

emission of light: generating and putting out light 

transmission of light: movement of light through a medium 

absorption of light: taking in and holding light 

NURHM 
Light is emitted fiorn a soLJce. Tile 1•~1ne light comes in 
contactv,1111 objects. Some objects transmlttl1e li~1t or let 
it shne right through, such as clear pla,iic er the glasses 
you put on Some objects take in the light and change 
the energy into heat This is known as absorption. DIiler 
oojecls bounce the light right off a rurlace. We call lhs 
reflection. Many o~ects oo a bn of all of these. Whoo we 
look at objects we see 1Nhat crAor or colors are reflected 
to our ei•es. Since all colors are contained inwl1ite light, 
oojects tl1at appear 11l1ite 10 our eyes bounce back Rll 111:l 
col ors t~e1her and we see 1•,lli1e. 

1Mien we look at a ripe banana, all of tl1e colors shine on the lianana. The llanruia alisorbs all the coltls (ROYGBIVl excejlt yell!lN. Yellow reflects bad\ to oor e)'es and we see a 
yellow banana. Using this logic, explain to a partner why plants are green. 
Plants absorb all colors except for green and reflect green back. 

How Does Light Travel? 
The sun emits energy in thefollll otw.wes. Tht&l 
waves 1r~,,el tlm~l1 space at tl1e speed of ligl1t and 
make 11p the electroma[Jle1ic spectrum. Each type of 
wave lms a dif1erent wavelength (tl1e distance between 
eacl1 wa1e). As 111: distance betwE!l:n tt1e 11a11es gets 
smaller, the en f!"g1 o1 the w~.,e increases oocause 
tlHe are more 1·1a1,ces in a &ilJlff amount of tinll. 
\'irtrin tllese dif1erent wavelengths is a spooal Jcup of 
waves called visii:je light Ths light is what allows us to 
see a11111e rAijects arm1d l~. TI1e ott1er wa:1~ in t11e 
electromagnetic spectrum are invisible to cur eies but 
are able to be dett,:ted using specialized e(f.lipment. 

ELECTROMAGNETIC SPECTRUM 

lf-JC-RF.'",SING Fr-JFRGY 

1. Which waves have tile most energy? 
Gamma rays 

2. Where is visible light located on the electromagnetic spectrum above? 
Middle 
What does this tell us about its energy? 
Example: More energy than microwave, but less energy than x-rays. 

3. What other waves have you heard of on tile electromagnetic spectrum? List them below and then share out loud witll a partner or 
the class what you know about each. 
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TEACHER DEMONSTRATION RAINBOW OF LIGHT 

Based on your observations, answer the following questions. 

1. What is visible light? 

Visible light is a combination of red, orange, yellow, 
green, blue, indigo and violet that we see combined. 

2. List three objects that produce and emit light? 

Some examples are the sun, light bulbs, 
tv screens, computer screens. Basically 
anything that generates and puts out it's 
own light. 
Note: Not the moon, it is reflected light. 

3. What color does light appear to be? 

White 

4. We call natural light ''white light''. What happens 
to the white light as it shines out the other side 
of the prism? 

Shows ROYGBIV 

STUDENT ACTIVITY - 1 

RAINBOW GLASSES 
Using 1he rainbow glasses [l"l"'lidoo in the kit look in1o 
tile lights around your class-oom. 

1. Pick your favorite light pattern. In 
the box, illustrate and describe what 
patterns and colors you see. 

2. The glasses tell you about the lights 
that shine around you. How is it 
different than looking just with your 
e~es? 

The glasses show the ROYGBIV, but 
without them on you just see the 
white I ight. 

DRAW AND EXPLAIN HERE: 

Complete the diagram 
below. Color and label 

each ray of light. 
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STUDENT ACTIVITY · 2 COMPARISON OF COLORS, REFLECTION, AND ABSORPTION 

Place the pieces of construction paper on the desk or table in front of you. With the lights off, shine the flashlight on the 
center of each color and rank the colored paper 1rom brightest (1) to the least bright or dimmest (4). 

PAPER COLOR WAS MORE LIGHT ABSORBED OR MORE LIGHT REFLECTED? RANK 

blue More light seems to be absorbed, less reflected, dim blue. 

red More light seems to be absorbed, less reflected, dim red. 

yellow Less light seems to be absorbed, more reflected, bright. 

black Almost all the light is absorbed, very little reflected, dim. 

1. Does absorption or reflection make an object appear brighter? Explain your thoughts. 

Reflection. If the darker colors are absorbed and the lighter colors are reflected the brighter the objects will appear. 

2. If objects that absorb light convert the light energy to heat energy, which color object would absorb the most light and increase in 
temperature most easily: black or yellow? Explain your answer. 

Black would absorb the most light e11ergy and then co11vert it to heat energy, becoming hotter than a similar but yellow 
object. 

3. In conclusion, explain how reflection and absorption determine which colors we see and how bright a color appears to our eyes. 
You may use an example to help explain your answer. 

Colors that are absorbed are not visible to our eyes, but those reflected are. If only one color, such as blue is reflected, 
then the object will appear blue while a combination of colors reflected such as blue and green might appear aqua blue, 
a combination of colors. 
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How does light travel? 
;;;;;+; 

Light tra~els m waves in a straight line at tile spood of light, 300,000 kilometers per socmd, ttnugh space. As li(llt trn,,•els or is transmitteo or mo,1es through othlf materials tile 
light is slowed dovm. Sometimes tile light beoos, or is refractoo. other times it is reflected, absorbed or diffused. Some objects are better at refleciing light oth1Js are better at 
absorbing li~t Let's e1plore some materials am seewha-e tile light goos! 

STUDENT ACTIVITY - 1 
ANGLE OF REFLECTION 
Let's see if we can figure out 11,1iat tl1e angle of refloctim is by doing a 
test We will be shining the las1J at an angle 0120°. 50', and BO', wha-e 
do \'Cl.I tllillk the light will go? Fill ill below. Will1 tl1e probactor sitting 
against a standing mirror, shine the laser do11n the left side using !he 
inner measurements. While one team member hclds tile laser sleadi• 
have anotller team member measure tile angle of tJle reflecioo lastf m 
tile nght u~ng the outer angles. D1aw lines oo 1he diagram to the right 
to show where your light travels each lime. Round to the nearest 
10 degrees. Also, fill in below. 

HYPOlllESIS 

20' 

50' 

80' 

CONCLUSION: 

20,,,,,, 

OBSERVED 

1. Is the angle that light hits and reflects the same or different? 

The same, 20 degrees in equals 20 degrees out. 

mirror 

Inner Measurement 

BO' 

2. If you were 1D shine your headlights on a street sign that is off to your right, where do you think the light would go? 

Further off to the right at the same angle it came in from. 

3. Would it be easy or difficult to see that sign at night? Explain. 

You would not see the reflected light. It would reflect out of sight. 
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STUDENT ACTIVITY - 2 DIFFUSION 

Take a ~ece of clear ~astic wrap. Wad ii up in1o a brul so tlrn1 ii s1ays logelhet, but ootlootigl1t. Hold ii a 
few inches abt1.'e tlie st11face of 111e tallle. Sl1irll lhe laser printer into tl1e t~i fiorn abool 2-3 inces aliove. 
An5Wtl (J.lestioos abool wherB 1he light ~es bllow: 

Draw arrows to show light everywhere 
you see ii after ii hits the ~astic. 

1. Is any light reflected off the plastic? 

Yes, some of the light reflects off of the plastic. 

2. Is any of the light absorbed? 

Some of the light is absorbed and trapped inside the ball of plastic. 

3. Is any light transmitted through the plastic to the table? 

Yes, there is light that passes through to the table. 

4. This investigation demonstrates DIFFUSION. Based on your observations, how 
would you define diffusion? 

table 
Diffusion is the scattering of light in many different directions. 

STUDENT ACTIVITY - 3 REFRACTION 

Usi11g a 300ml beaker or clear d1i11king glasses, fill i1213 1•ntl1 wmer. 
First place a straw in 1he middle of 1he glass. 

Looking beside the glass from the front, draw what 
you see in the water below. Repeat for number 2, 
placing the straw closer to the edge of the glass. 

I 

l- - -
.I l -i 

1 2 

Describe what you see in each glass. 

1. Glass #1: 

The bottom of the straw appears as a separated line from the straw 
above the water1ine and larger under water. 

2. Glass#2: 

The bottom of the straw appears as a separated line from the straw 
above the water line and larger under the water. There is more of a 
gap between the two lines. 

3. What do both paths have in common? 

Both lines are separated and larger under the waterline. 

4. Which path shows the greatest difference from the actual straw? 
Explain. 

The bottom straw in glass number 2 appears further separated from 
the top straw and the straw in glass number 2 appears larger. 
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STUDENT ACTIVITY - 3 REFRACTION CONTINUED 

Sl1i1-e a laser li~11111rough tt1e liquirl aml lmt tt1ml1:Jll the top of tt1e gla~. Fi1st sl1ine 
tile light tllrou~ tile middle and 1hen thrwgh closEf 10 the side. 

Draw the 1>ath of the laser light for each below, 

Describe what you see in each glass above. 

1. Laser #1: 

There is refraction, the light bends through the middle. 

2. Laser #2: 

There is refraction, the light bends more through the 
middle. 

3. What do both 1>aths have in common? 

Both show refraction of the laser light as it passes 
th rough the water. 

4. Which shows the greatest difference from the entry 
light? Explain. 

The path that begins closer to the outside of the beaker 
(#2) has a greater amount of refraction than the one in 
the middle (#1). 

REFRACTION refers to the bending of light. Based on your above observations, answer the following questions. 

1. Did light from the straw and the laser bend more or less when closer to the outside curved surface of the glass? 

The laser bends more when the straw and the laser are closer to the outside. The water and the glass were at a more 
curved angle and thus bent the light with a greater angle. 

2. If water bends light, where or how might what a driver sees change in the rain or snow? 

In the rain or snow, the drops or flakes will also refract and diffuse light as it passes through the precipitation. 
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Can we change what we see? 
,,,,w, 

TEACHER DEMONSTRATION LIGHT THROUGH A GLASS SPHERE 

1. Where does lhe li!iltfrom the flashlight go as It is transmitted throig, lhe glass ball? lll16lrate and describe. 
The light is transferred through the glass sphere. The light refracts 
as it passes through the sphere. The light is also diffused onto the 
white paper in front of it. 

0 
2. Where does the liglt from the laser go as It is transmitted through the glass ball? Illustrate and describe. 

The light is transferred through the glass sphere. The light refracts ---1--,1~ as it passes through the sphere. The light also shines on the white 
paper in front of it; less diffusion. 

e -- 3. When metal is placed behind the glass ball, does this charge what you see from the laser pointer? llluslrate and descrbe. 
The light is transferred through the glass sphere. The light refracts as it passes through the 
sphere. The lightshiling on the tin foil is reflected off at the same angle it strikes at 

Whal happens when the teacher wraps the foil on the back of the glaSi sphere? 
With the tin foil "Wrapped around the sphere, the light from the laser is refracted and reflected 
back to the lightsource (onto the white paper). The wrapped tin foil helps direct and control 

Wll en pe~le drive their veli cles 
tl1ey ooed to be able to see 
signs that are l"igl1 in tl1e air 
and on the side o1 the road. 
For this to happen we nood to 
combine refloction, re1raction 
and diffusim so lhatlfle li(tlt 
from lfle headlights returns to 
111e vehicle. 

Briefly describe what 
the light is doing in 
each picture. 

where the light goes. It retroreflects. 

REFLECTION 

The light bounces off the surface atthe 
same but opposite angle of entrance. 

REFRACTION 

As the light is transferred 
through the item, it bends. 

DIFFUSION 

Light is transferred through and reflected 
off of the material and scatters. 

RETRO REFLECTION 

Light is reflected off the surface and back to the 
source using reflection and refraction. 
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RETRO REFLECTION combines refiection •11ith refraction and some diffusion to help drivers better see road signs. 
Based on your obsmations, describe how relroreflection worlis 

Retroreflection is when light is reflected and refracted in a way that the light is returned towards the source. 

STUDENT ACTIVITY - 1 DOES COLOR MATTER? 

Place the five vanous colored marbles on a white or light colored surface.Holding the flashlight in front of your chin, shine the light at each 
marble and record what you see. Describe how the light retroreflected with each color and rate them 1-5, brightest=1, dimmest=5. 

COLOR: COLOR 1: COLOR 2: COLOR 3: 

CL!oA'R. 

RANK RANK RANK RANK 

1 Light colors rank 2-3 while darker colo~ will rank 4-5. 
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Can we control what we see? 

En~noon~ is aoout rle11elopi11g nf!.11 scMons to prrlilerns aml challenges in our wo~<I. TI1e T~as A&M Transportation 
lmtitu1e works every day towards oolutioris i11 all aspects of transportation. Tile,; corJJuct over 700 researd1 projects eac/1 
year m tlie land, sea and in the air. 

BRAINSTORM ,...._ 
ideas and solutions ~ DESIGN , 

IDENTIFY 
the problem 
or challenge 

ENGINEERING 
DESIGN 

PROCESS 

SHARE 
SOLUTIONS! 

The engineenng oof'ign process is fllid. It does not have to begin er end at a partiClllar point. 011€ important aspect of 
the process is to st1are solutions along t11e W'J-11'.ilh otl1ers. E11gi11eeiing is tl1e de~111 and building of 11~N ideas. 

KEY VOCABULARY 

Hi+l■iidii 
TEAM 

CHALLENGE: 

Design and build a 
directional sign to achieve 
maximum retrorefloction 

to the driver with 
headlights at night. 

MATERIALS: 
12 marbles 

clay or play-doh 
rulers 
foil 

8" x 11" manila folder 
construction paper 

scissors 
glue 

clear tape 

As a class, define each of the following words and determine how they are important components of engineering. 

effective: When the product actually does what it was intended to do. 

criteria: The specifications to which a product is designed. What it needs to have and what it must do. 
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STUDENT ACTIVITY • 1 ENGINEERING DESIGN PROCESS CHALLENGE! 

PART I: DEFINE THE PROBLEM OR CHALLENGE 
With your team, state your challenge. What is it that you are trying to accomplish? Decide this as a group. 

ONCE YOU HAVE DEFINED THE PROBLEM OR CHALLENGE AS A TEAM, YOU WILL WORK ALONE ON THE NEXT' 1WO STEPS! 

BRAINSTORM: ALL ideas are good ideas at this stage. Here is where crea1ivity is needed and no reasonable idea is bad or wrong This part 
of the process helps us use what we know and co111 bine it with i111agination. Did you ever hear 111e saying, '· two heads are better than one? "Well 
here EACH team member should come up with their own idea or ideas to share with the group. Work independently and write down all your 
ideas here. 

Anything within reason and specific to the task at hand. 
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PART 2: DESIGN 
INDIVIDUAL: Continue to work alone to complete your design. Now it is time to work t11rough all of the pros and cons of each idea. 
Here you will design a sign that tells drtvers to turn right. You can use pictures or words or both on your sign. Make sure your sign fulfills the 
criteria and uses only the materials allowed. This desi~n is your very own idea that you will share with the group after completing your design and 
answering t11e first two questions below. Be creative. 

YOUR PERSONAL IDEA FOR THE SIGN 

For this section, students must be specific in their design. 
Make sure they include colors, number of marbles, foil if needed, etc. 

What do you like best allout your personal idea? Why? 

What do you have the most concern about your personal idea? Explain. 
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PART 3: TEAM DESIGN 
With your team, design again. Combine eacl1 member's design into one so that you maximize your great ideas for a successful design that 
meets the criteria. Be very detailed in your drawing and lahel all items. While not eve I)' idea will he a part of 111e team sign, all ideas help generate 
solutions. Part of 111e engineering design process is working through ideas to find the best solutions to 111e problem 3M Engineer Tim Hoopman 
said," Be a risk taker. Let your failures be your education and your successes be your legacy. " 

TEAM SIGN DESIGN (everyone should have ihe same sign here) 

For this section, students must be specific in their design. 
Make sure they include colors for each part/material, 

number and color of marbles, foil if needed, drawn to scale, etc. 

MATERIALS LIST: 
Be very specific, ex: 3 red marbles. Remember you can or~LY use maierials from the original list 

CREATE: Make a sign using the team's best ideas. 

TEST & EVALUATE: Test out your sign and evaluate the results. Record all positive and negative results. 
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REDESIGN: Redesign to solve any problems witl1 your sign. Document some things you might cliange to the design. Did you consider varying tl1e 
rleptl1 of marbles, adjusti11g t11e spaci11g 1Jetwee11 marbles, or cl1a11ging wliat is l1ehincl eacl1111arl1le or marbles? 

FINAL TEAM SIGN DESIGN 

For this section, students must be specific in their design. 
Make sure they include colors for each part/material, 

number and color of marbles, foil if needed, drawn to scale, etc. 

SHARE SUCCESS: 

Share successful solutions with the class, not only the finished product, but the steps you took along the way. 

What are some features that successful projects have in common? 

Most likely they will have clear marbles with foil wrapped or in place behind the marble surrounded by a dark background 
for contrast. They will have a clear, easy to read, and understandable message. 

What was the best retroreflective feature on your project? Why? 

Should be the clear marbles, so long as they had a shiny backdrop or foil wrapped on backside of the marble. 

What was the best retroreflective feature of another project? Why? 

Contrast is another factor that contributes to a good sign, as well as clear message. 

How could we combine all the team's best work for even better retroreflective results? 

Here the class will choose a feature from each sign and combine them into one sign. 

If you had more time, or other resources, how could you improve on your sign? 

Here students will likely add features and techniques they learned from other groups. 
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Can we make good better? IMU·h·I 
STUDENT ACTIVITY - 1 A CLOSER LOOK! 

Using the packet microscope, laok at each piece of sign sheeting mate rial more clooely. Describe and illustrate what you see for each. 

1 2 

STUDENT ACTIVITY - 2 TEST ENGINEERING 

As veliclestr:r1(j on our roads, some travel more slo11.1y ttlrough neighbomooos or school crossings, wll ile those traveli~ on the hig~Nays are going much fastfM'. As yoci gofastoc, 
is it harder or easier to stop-J Before answenng, try ttlis qlick test. Walk around ttle classroom at a normal pace. Have someone in ymr (J'Olll tell yoo 11.!ien to st(ll. H:we tile 
otht1s watci1 to see IMi qlickly you are able to come to a complete stop. Next find a clea1 space tl1at yourteaclierwill allow you to 1u11 Take otf as fast as you can and again ha'le 
someme in your grmp tell you v.11e11 to stop ru1d have tl1e 0U1ers oliserve. Discuss 1his quick imes1igation as a group to rletermine yolll results. Was it easier to stop quickly Imm a 
walk or a run? Explain yo11 reaming 

N~N ima~rie 1·ehides m t11e roa(ls, going slow and going fast. T11e important 
tl1i11g aoout traffic signs are that drtvers are able to S/Je and read U1em in 
time to !~low t11em. Wlicl1 of the reflective n'3terials would allci.'1 dn•.'ers to 
read a ~gn soonfM'·) In (Jderto recommood one of tllese prooucts you will 
need to use all of \'CU plior in11estigatil/e knowlooge as well as d~gn an 
ir-.Jestigation to provide evide~ethat supports your rocommendation iiitll 
scientific proof. 

Your group will act as test en~11eers m this activity Test en~neers rle~gn 
expllirnents thei• can test on prooucts in order to assure 111€'11 meet tl1ei1 
requirnments. You 11ill be u~ng the ertiineeiing de~g11 prncess to conduct 
yourin'!estigation. Rather than engiooer a proouct you will engineer a 
method of tasting a produ::I to verify its eifecti~eness lo retroreflect 

BRAINSTORM .. 
~ •-• andsoluHons DESIGN 

IDENTIFY 
the problem 
or challenge 

ENGINEERING 
DESIGN 

PROCESS 
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IDENTIFY the problem or challenge. What is the problem you are working to solve or question you are trying to answer? 

As a group they are trying to design an investigation that will best determine the retrorellective material that will best be seen by 
drivers at night from the greatest distance allowing drivers to most safely follow traffic signs. 

BRAINSTORM ways to solve the problem. What are some methods you could use to test the materials. Remember all ideas are 
worth writing down and considering! 

Here there will be a variety of ideas. Remind them that this is for a fast moving vehicle at night. Some may even realize lhatthey can 
cut out patterns in the same dark paper and place it over the retro reflective material for "drivers" to identify. If so, theyiMII need the 
same pattern, sothattheamountoflightshone onto the pattern is equal for each sample, possibly turned in differentdirectionsforthe 
"driver'' to say at what point they can identify the shape and possbily the direction. Examples would be an arrow, a letter in the 
alphabet pointed in a different direction for each oft he three samples. Depending on the hallway, you may encourage them to have 
dimmer light (flashlight) to shine as the samples are all very retro reflective, even a small sample of the each of the retroreflective 
samples is very bright. 

DESIGN your investigation. After discussing your ideas, narroo your investigation doon to the investigation that will give you 
answers that will best help you solve your problem. Describe your investigation design in detail. 

See above. 

CREATE your investigation. Set everything up and prepare to investigate! 

TEST AND EVALUATE! Conduct your investigation and record ALL observations, data, and more below. Draw any data charts, 
graphs and more you will be using to collect and analyze your data. Use a separate piece of paper as needed. 
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Appendix C – Presentation Slide Deck 
Appendix C contains the presentation slide deck. Slides are provided to aid teachers with 
demonstrations, student activities, and class discussion questions. The slide deck also contains fun 
facts in transportation. A PowerPoint slide file is available at https://tti.tamu.edu/safe-d. 
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A RAINBOW OF LIGHT 
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STUDENT ACTIVITY: RAINBOW GLASSES 
., 
'j · · · · · · · ·, ······ ·.• · . I 

" EACHOf y; 
~ .. ' '"'··. ,.. -. . • ... ,.. . -. . • 

' ·~-

', 
l. 

\J 
'·· 

1.) PUTQN 0 
{ LIGJd. 
\ 

2) PIG!'( YQLJR F 
'.I AN 

'I 
; 

WHILE:Y:QU, 
'----~ .. . . -- .. ' . ' --

DO NOT.LOO 
- · ·· ··· 

l~ 

Ill E GIVEN YOUR OWN RAINBOW GLASSES TO USE 
AND KEEP. 

lilERE ARE YOUR INSTRUCTIONS: 

LKAROUND THE ROOM LOOKING AT VARIOUS 
::CRIBE TO YOUR TEAM WHAT YOU SEE. 

OF LIGHTS AND STOP TO ILLUSTRATE, COLOR, 
. HAT YOU SEE ON YOUR LAB SHEET. 

~•O~MiiP.E SUNLIGHT COMING INTO THE CLASSROOM: 
U~ [f THE SUN -EVEN WITH YOUR GLASSES ON!! 
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CLASS DISCUSSION QUESTIONS 

For each of the objects below, answer the following questions: 

1. Which color, or colors, are reflected? 

2. Which color, or colors, are absorbed? 

3. How do you know? 

0 0 
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FUN FACTS IN TRANSPORTATION 

The first STOP sign was used in Detroit, Michigan in 1915. 

The STOP sign evolved through in any fonns before coining 
to the white and red octagon we see everywhere today. 

Early STOP signs had a yellow 
background with black letters. 
However, yellow was also the 
color used for warning signs 
and engineers wanted drivers 
to be able to quickly tell the 
difference between STOP and 

. . 
warning signs. 
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FUN FACTS IN TRANSPORTATION 

Around the same time, 
red became the color 
used in traffic signals to 
indicate stop. 

In order to unify traffic signals 
and STOP signs, a red 
background with w-hite letters 
was chosen for STOP signs. 

It w-as not until 1954 that the federal government worked to 
standardize sign shape and color across the country. 
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FUN FACTS IN TRANSPORTATION 

V\/hat most stands out on these early signs? 

Do you notice words or background colors first? 

V\/hy do you think you see them this way? 
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STUDENT ACTIVITY: ANGLE OF REFLECTION 
BEFORE WE START! SAFETY REMINDER! 

DO NOT AIM YOUR LASER POINTER AT ANYONE. 
ALWAYS HAVE A PATH THROUGH EACH MEDIUM AND A TARGET. 

DO NOT LOOK DIRECTLY AT THE LASER POINTERS. 

AIM FOR THE CENTER OF THE MIRROR 

20°_, 
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CLASS DISCUSSION QUESTIONS 

We can see the sign ahead because it is daytime. In rural areas, signs are placed 12 feet to 
the right ofthe road. 

At night, when a vehicle's headlights shine on a sign to the right of the road, according to the 
angle of reflection ,vhere should the light end up going? 

Wllere does the light need to go for drivers to be able to see and read the sign at night? 
Wlly? 
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STUDENT ACTIVITY: DIFFUSION 

BEFORE WE START! SAFETY REMINDER! 
DO NOT AIM YOUR LASER POINTER AT ANYONE. 

ALWAYS HAVE A PATH THROUGH EACH MEDIUM AND A TARGET. 
DO NOT LOOK DIRECTLY AT THE LASER POINTERS. 

Color everywhere you 
see the laser light in or 

around the plastic. _I 

c:::== SAF&D - - - - - -
u'rc Tv T~ IJo~'c»i~u,.TiON 

\ 
Draw arrows to 

show the various 
directions of travel. 

,: i.-
O SAN DIEGOSTATF 
~UNIVERSITY 

.✓.:: TemA&M flrlVjroini;,Tech. 
.,,,,,,,,,,,,,,,,,,,ii/if;:;fjf~afioo iiiii Trlt;$~~1nstituta 



86 

CLASS DISCUSSION QUESTIONS 

Why would you use your low beam (dim) headlights in fog 
rather than your high beam (bright) head]ights? 

LEFT LAN£ 
MUST 

IUH Liff 
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STUDENT ACTIVITY: REFRACTION 

BEFORE WE START! SAFETY REMINDER! 
DO NOT AIM YOUR LASER POINTER AT ANYONE. 

ALWAYS HAVE A PATH THROUGH EACH MEDIUM AND A TARGET. 
DO NOT LOOK DIRECTLY AT THE LASER POINTERS. 

1 2 

I 

;! 

l ! il'l 

COMPLETE THE STRAW'S IMAGE, FOR EACH 
GLASS. BELOW THE SURFACE OF THE WATER. 

c:::== SAF&D - - - - - -
u'rc Tv T~ IJo~'c»i~u,.TiON 

1 

c:: 
w 
Q_ 

i 
w 
I-
I 
~ 
c:: 
0 
_J 
_J 2- ~ 

COMPLETE THE LASER'S IMAGE. FOR EACH 
POSITION, AS IT TRAVELS THROUGH THE WATER. 
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CLASS DISCUSSION QUESTION 

In America, low beam headlights provide a distribution of 
light to illu1ninate the roadway in front of and to the right of 
the driver. Why? 

What about in countries where they drive on the other side of 
the road? 



89 
c::== SAF&D - - - - - -

u'rc Tv T~ IJ0"' 019~1J'"TI O N O SAN DIEGOSTATF 
~UNIVERSITY ,.,,,di' Tex119A&M 

- Tnmsportafion 
~ Institute 

l----=i.-
~ VirginiaTech. 

Trltrn;:portalionlnstituta 



90 

TEACHER DEMONSTRATION: 
LIGHT THROUGH A GLASS SPHERE 

Where does the light go? Draw arrows and color to 
illustrate what you see as the light from the flashlight 

and laser is transmitted through the glass sphere. 

er: 
w 
0.. 
<( 
0.. -...I ...I 

~ 
w 
I-
I 
$ 

LARGE GLASS SPHERE 

~ 
-I 
m 
"U 
):,o 
"U 
m 
:::a 
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TEACHER DEMONSTRATION: 
Retroreflection 

Sign Source Receptor 
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STUDENT ACTIVl~DOES COLOR MATTER? 

Which colors retroreflect light the best? 

Choose a clear marble and four other marbles of your choice. 
Place them on a light colored or white background. Holding 
the flashlight on your chin, shine the light directly on each 
marble. 
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CLASS DISCUSSION QUESTION 

Why did we place the marbles on a white or light colored 
surface? 

What if we placed the marbles on a dark surface? Would it 
change how much light they reflect? 
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FUN FACTS IN TRANSPORTATION 

Does color matter? It does when it comes to the markers 
along the road! See if you can guess what each color marker 
indicates! 

f : . . . ... : .. ~-~~.::-. ·: .... ~ 
' . . ·:·:-:-::::~:t~~ .. :-.. . ------- . 

WHITE YELLOW RED BLUE 
Separates Separates Indicates Marks the 
traffic flow traffic flow you are location of 
in the same in the going the fire 
direction opposite wrong way hydrants 

direction 
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VIDEO RETROREFLECTIVITY 

VIDEO:Retroreflective Materials: MAC RiAus PDplus 

https://wvvw.youtube.com/watch?v=rDRTmymuNyE 
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EXTENSION 1: 

MEASURING 
HEADLIGHTS AND 
CALCULATING 
AVERAGES 

Using a meterstick, gather 
data on 10 different 
vehicles from the teacher 
parking Jot. Measure the 
height from the ground to 
the approxin1ate center of 
the he ad light. Be sure to 
measure in meters and 
ccntim eters. 

2227 



97 

CLASS DISCUSSION QUESTIONS 

What makes a good sampling of vehicles? How do you 
know? 

Why could it be beneficial to get some measurements from 
many different types of vehicles? 

' -
t ,.,. • .., -

\ 
\ - -

The average driver 
sits 1.1 m or 110 cm 
above the road. 

Why is this an 
important number 
to know? 
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CLASS DISCUSSION QUESTIONS 
In rural areas, traffic signs are typically placed 7 -ft high and 
12-ft to right of the edge of the travel lane. Answer the following: 

What role does 
relroreflec lion play for 
the driver to see this sign? 

What properties of light 
do we see happening in the 
retro re:fle c tio n? 

Which properties help 
retrore:flection and 
which do not? Explain. 

A - ROADSIDE SIGN 
IN RURAL AREA 

3.66 m or 366 cm 

1---12 ft MIN.--~• 

------ ? 
Cone ot Retro relle cuo n: TRUC K 

Cone o f Ret roreflect ion: CAR 

MIN. 

t 

2.13 m 
or 
213cm 
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THE ENGINEERING DESIGN PROCESS 

BRAINSTORM J11119 
, Ideas and solutions DESIGN 

IDENTIFY 
the p roblem 
or challenge ~ £iS> &~ 

0Q1 
wcr SHARE 
o:o SOLUTIONS! 
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STUDENT ACTIVITY: 
ENGINEERING DESIGN PROCESS CHALLENGE 

DEFINE THE PROBLEM (Team): 
What is it that you are trying to accomplish? 

ONCE YOU HAVE DEFINED THE PROBLEM TOGETHER, 
BREAK OFF AND WORK AS INDIVIDUALS ON THE NEXT TWO STEPS! 

BRAINSTORM (Individual): 
All ideas are a good idea at this stage. 
Here is where creativity is needed and 
no reason ab le idea is wrong or bad. 

·­.,. 
BRAINSTORM 
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STUDENT ACTIVITY: 
ENGINEERING DESIGN PROCESS CHALLENGE 

DESIGN (Individual): 
Now it is time to work through al I of the 
pros and cons of each of your ideas. 

My unique 
ideas to share 
with the group! 

Here you will take into account the criteria, constraints and 
materials you have available. Keep in mind the objective, what 
you are specifically trying to accomplish. At this point you will 
put your design to paper with attention to each detail. Does it 
meet the proper criteria for success? Does it use only 
materials that are available? 
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STUDENT ACTIVITY: 
ENGINEERING DESIGN PROCESS CHALLENGE 

INDIVIDUALS SHARE IDEAS WITH THEIR TEAMS: 
Now it is time to share each of your ideas with your team. 

• Analyze the best ideas each team member's design 
demonstrates towards meeting your objective. 

• Raise questions or concerns about models that may 
hinder ace om plishing the objective or that are outside of 
the cons train ts. 

ALWAYS BE POSITIVE AND 
RESPECTFUL WHEN ANALYZING 

OTHERS WORK! 
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STUDENT ACTIVITY: 
ENGINEERING DESIGN PROCESS CHALLENGE 

TEAM DESIGN: 
Now it is time to put your individual ideas together to complete 

your team design! 

While not everyone's ideas may be in the final design, each 
individual sign does help in the creative process and towards the 

team objective! 

CREATE YOUR SIGN: 
Make sure you list all the materials you use for this design and 

use ONLY materials from the list. 
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EXTENSION 2: BUILDING BETTER MODELS! 

BUILDING A TEST CAR 

Using recycled materials or items found around the 
classroom 1 create a car to test the retroreflectivity of each 

team sign. 
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EXTENSION 2: BUILDING BETTER MODELS! 

MATCHING THE SIGN TO THE TEST CAR 

As a class, you will need to figure out where to hang your 
signs in order to test them with your car. 

Remember our previous numbers: 7-foot (213 cm) high sign 
off to the right with our headlight average of __ cm. 

Height of 
headlights 
on test car ---

Height that you 
will hang the 

signs to test (X) 

--
Average height 
of headlights in 

parking lot 

213cm (7ft) 
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EXTENSION 2: BUILDING BETTER MODELS! 

TESTING AT NIGHT- Modify your test area. 

Since you will be testing your signs for a car driving at night, 
you will need to modify your test area. 



108 

STUDENT ACTIVITY: 
ENGINEERING DESIGN PROCESS CHALLENGE 

TEST AND EVALUATE DESIGN: 
Test your sign to determine its retroreflectivity. 

REDESIGN OR BUILD: 
Based on the testing, think about ways to improve your sign. 

SHARE SUCCESS: 
Each team will present their team sign and ideas for 

improvement. As you watch others present, be sure to record the 
best features from their designs and concerns you may have. 
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FUN FACTS IN 
TRANSPORTATION 

Glass spheres are among 
the ill o st s imp le 
retrorcflectors. With the 
right reflective surface 
behind or around them, 
they can bend and reflect 
light back to the source. 
As early as the 1920 's 
important signs ·were 
improved by adding large 
glass s phcrcs tom akc 
them ill ore vis iblc. 
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FUN FACTS IN TRANSPORTATION 
Beginning in the 1940's, tiny glassretrorefiecting beads were added to nearly 
all signs,and greally improved traffic safely. 

Durable Plastic Resin Glass Beads ___ p 

~ 
Adhesive Protective Liner Meta ll ic Reflector 
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FUN FACTS IN TRANSPORTATION 

Soon after, a protective film was added over the glass beads 
to combat dust and water that distorted the retroreflectivity 
of the beads. In addition, the metallized layer was moved 
closer to the individual beads to improve retroreflectivity. 

Adhesive Layer 

Silicone Layer 

Glass Bead 

Y Space Coating 

.-..... L-....- --- ,Metalized Layer 

Engineering Grade 



112 

FUN FACTS IN TRANSPORTATION 

In the 19701s, the metal coating was added to the back of 
each bead making them three to four times brighter. 

- Pr-ot-e-ct-iv-e-Fa_c_e-F1-·1m __ \,__..,,_Br-id_g_e r ating J '.01~~:ss::~:attern 
I' --X M t 1· · 

Adhesive Layer 
Silicone Layer 

,,,,,,.,.. ea 1zmg 
--....c....--.~ 

~-- Cushion coat 

High Intensity 
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TEACHER DEMONSTRATIO Prismatic Retroreflection 
Some retroreflective materials contain thousands of cube corner 

retroreflectors in just a square inch of material. 
This demonstration will help you understand how they work. 

c::: 
w 
a. 
c::t a. --_J 
_J 

~ 
w 
I-
I 
$ 

Video link for further demonstration and explanation: https/fv,1wvvyoutube.comtwatch?v=S4vYq31cpyc 
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STUDENT ACTIVI 

Now it is time for you to look at 
retroreflective sign sheeting up close! 

1 3 

A CLOSER LOOKI 
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Jii'Jll3HlfiiffiitirEsT ENGINEERING 

You will now be a test engineer! 

You will design your own method to test the retroreflectivity 
of each material (#1, #2 and #3). 

You will analyze your findings and recommend the material 
with the best retroreflectivity for drivers at night! 

BRAINSTORM ~ -6' idea• arid solutio ns __--..__DESIGN 

IDENTIFY 
thP. prnhlfl!m 
or challenge 

ENGINEERING 
DESIGN 

PROCESS 

c:::== SAF&D - - - - - -
u'rc Tv T~ IJo~'c»i~u,.TiON 

Be sure that your investigation fallows the 
engineering design process. 

You will identify the problem or challenge. 

Brainstorm ways to test retroreflectivity. 

Create the test. 

Conduct your investigation, analyze and share! 
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FUN FACTS IN TRANSPORTATION 

ssHow the power of perseverance helped lead lo a road safely break/hroughn 

A Story about 3M Engineer, Tim Hoopman 

"I have 37 patents. 
One in a thousand 

succeeds, so I must have 
37,000 failures ... " 

Tim Hoopman 
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VIDEO LINK 

http://www.3 m .com/3M/en US/particles/all­
articles/a rticle-d eta i 1/ ~road-traffic-safety-
re fl ect iv e 
-sig ns-visibi I ity?storyid;;;;2cb8314f-358f-492 4-
800e-
cc2b75191237&wt.z ch=fb&wt.z cp=applied 
to life&wt.z mt=photo&wt.mc id=road+safety 
2077 
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FUN FACTS IN TRANSPORTATION 

In the 1990s, microscopic prismatic sheeting became the 
latest solution to traffic safety with around 7,000 microprisms 
in every square inch. 

Prismatic 
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FUN FACTS IN TRANSPORTATION 

This graphic shows the visibility improvements between 
Engineering grade, High Intensity, and Prismatic sign sheeting 
materials. 

500' visibility 1 000'visibility 1 S0O'visibil ity 
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FUN FACTS IN TRANSPORTATION 
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COOLFACT 

MYTHBUSTERS: MOON HOAX RETROREFLECTORS! 

McDonald Laser Ranging 
Station in West Texas, 
shines its laser light 
towards the moon's 
retroreflectors. Credit: 
McDonald Observatory. 

Video Link: https :i .1www.youtube.com.1watch?v-Vm VxSFn jYCA 

Credit: NASA's Goddard 
Space Flight Center/Bill 
Hrybyk. 

A portion of the Apolfo 15 lunar laser 
ranging re1roreflector array, as placed 
on the Moon and photographed by D. 
Scott. 
Credit: NASAID. Scolt 
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EXTENSION 3: RETROREFLECTIVE CLASS SIGN! 

BUILD A RETROREFLECTIVE CLASS SIGN TO KEEP 

Using materials found in the classroom and the consumable 
container in the TTI Retroreflection Kit, design and create a sign to 

hang up and keep in the classroom! 
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	Introduction  
	Introduction  
	According to the United States Department of Commerce, careers in science, technology, engineering, and mathematics (STEM) are growing faster than occupations in other areas. The transportation industry relies heavily on the STEM fields to solve mobility and safety issues for all users. However, math and science scores on average among U.S. students are lagging behind those of students in other developed countries. In addition, research has found that most Americans thought their traditional STEM related cl
	Over the past 10 years, Texas A&M Transportation Institute (TTI) researchers have developed many educational activities for elementary and middle school students (K–8) that provide an opportunity to gain hands-on experience and insight into what transportation engineering and other STEM careers have to offer. While researchers developed most of these activities for use during student visits to TTI, some of the material has been presented to students in a classroom setting. For example, in 2011, a TTI resear
	Overview of Curriculum   
	The following sections provide an overview of the Exploring the Science of Retroreflectivity curriculum. The actual curriculum and associated materials are located in the Appendices. 
	Connecting the Classroom  to the Roads  
	Connecting the Classroom  to the Roads  
	Kids see signs everywhere on the road. Some signs advertise businesses, some convey a message about a product or service, and others help guide travelers to their destinations safely. The latter are categorized as road signs, and while they may look like ordinary signs, there is some amazing engineering that goes into every one of them. Most drivers and passengers are completely unaware of the science behind the signs. This curriculum seeks to help students use discovery techniques and STEM lessons to bette
	Artifact

	Learning Objectives  
	Learning Objectives  
	The curriculum was developed to complement traditional teaching methods and meet Next General Science Standards (NGSS) and Texas Essential Knowledge Standards (TEKS) for grades 4 through 6. Specific NGSS and state standards are incorporated into each lesson, with extensions and modified lessons included for time allowances and informal education opportunities. After completing the curriculum, students will: 
	• 
	• 
	• 
	understand the visible light portion of the electromagnetic spectrum. 

	• 
	• 
	understand reflection, refraction, absorption, transmission, diffusion, and retroreflection of light. 

	• 
	• 
	have the ability to collect and analyze relevant data and draw logical conclusions. 

	• 
	• 
	have the ability to design and construct models to test ideas using criteria for functionality, effectiveness, and constraints in materials. 

	• 
	• 
	understand how new technologies help improve current ideas for increased benefits. 

	• 
	• 
	understand a basic engineering design process including: define, plan, make, test, and reflect. 

	• 
	• 
	understand how engineering for retroreflection connects to careers and real-world problem solving. 



	Lessons  
	Lessons  
	The five lessons described below were built out to the 5E model (engage, explore, explain, elaborate, and evaluate) with at least one student activity or lesson per section. Each lesson builds from the prior lesson and can be utilized in its entirety or broken apart to meet learning and time constraints. Each lesson provides background information, activity plans, a supply list, vocabulary, and teacher preparation information. 
	Engage – What Do We See? 
	In this lesson, students investigate what we see and why. Why is the table black? Why is the chair shiny? Why is the rug blue? What if it is clear? What color is sunlight? What is emission? What is transmission? What is reflection? What is absorption? How do reflection and absorption determine the colors we see? 
	Explore – How Does Light Travel? 
	In this lesson, students analyze more properties of reflection, including angle of reflection, amount of both reflection and absorption, and also diffusion and refraction through various medians. Some colors are brighter, some are darker. This lesson will allow students to use their observational skills to answer these and other questions based on reflection, absorption, transmission, and refraction of light. If a laser is pointed at the mirror, what direction will it go? What colors are better at absorbing
	Artifact
	Explain – Can We Change What We See? 
	In this activity, students investigate how glass spheres can change what we see and how they can help drivers see traffic signs clearly in the dark. What makes a sign more visible at night? What colors offer better reflection at night? What is retroreflection? How do we bend and bounce light back to the source from several different angles, using refraction and reflection to our advantage? 
	Elaborate – Can We Control What We See? 
	In this activity, students will learn and use the engineering design process. They will design, construct, and test retroreflection of a traffic sign to maximize its visibility to a driver at night. 
	Evaluate – Can We Make Good Better? 
	Students will be introduced to new technologies in retroreflection. Even when things work, engineers and scientists are always trying to find better solutions. At TTI, researchers strive to develop new ways to make the roads safer for everyone, every day. In this lesson, students will compare various retroreflective materials to determine which technologies are the most effective, allowing drivers to see them in time to make safe driving decisions. 
	Lesson details can be found in Appendix A. Some activities have associated lab worksheets. These lab worksheets and the answer key can be found in Appendix B. A presentation slide deck is also available (see Appendix C). Slides are provided to aid teachers with demonstrations, student activities, and class discussion questions. The slide deck also contains fun facts in transportation. The slides can be used in their entirety or as needed. 
	Table 1 contains the recommended teaching time for each lesson. The first three units (Engage, Explore and Explain) are background lessons leading to the retroreflectivity units (Elaborate and Evaluate). Teachers may choose to do all, some, or none of the background units depending upon students’ prior knowledge. 

	Material Kit  
	Material Kit  
	While a list of materials is available for each lesson so that educators can procure their own supplies if desired, TTI has eight pre-assembled kits that are ready to go for a classroom. Each kit contains most of the supplies needed to complete the lessons in their entirety (student activities and teacher demonstrations), including items that may not be readily available in the classroom. Each kit contains both returnable and consumable items for a classroom of 30 students and can be customized to meet the 
	Artifact
	Table 1. Recommended Teaching Time 
	ACTIVITY 
	ACTIVITY 
	ACTIVITY 
	DESCRIPTION 
	TIME 

	ENGAGE UNIT 
	ENGAGE UNIT 
	WHAT DO WE SEE? 
	45–50-minute class 

	ENGAGE-TD-1 
	ENGAGE-TD-1 
	A Rainbow of Light 
	10–15 minutes 

	ENGAGE-SA-1 
	ENGAGE-SA-1 
	Rainbow Glasses 
	10–15 minutes 

	ENGAGE-SA-2 
	ENGAGE-SA-2 
	Comparison of Colors, Reflection, and Absorption 
	20 minutes 

	EXPLORE UNIT 
	EXPLORE UNIT 
	HOW DOES LIGHT TRAVEL? 
	45–50-minute class 

	EXPLORE-SA-1 
	EXPLORE-SA-1 
	Angle of Reflection 
	10 minutes 

	EXPLORE-SA-2 
	EXPLORE-SA-2 
	Diffusion 
	15 minutes 

	EXPLORE-SA-3 
	EXPLORE-SA-3 
	Refraction 
	20 minutes 

	EXPLAIN UNIT 
	EXPLAIN UNIT 
	CAN WE CHANGE WHAT WE SEE? 
	30-minute class 

	EXPLAIN-TD-1 
	EXPLAIN-TD-1 
	Light through a Glass Sphere 
	15 minutes 

	EXPLAIN-SA-1 
	EXPLAIN-SA-1 
	Does Color Matter? 
	15 minutes 

	EXTENSION-1 
	EXTENSION-1 
	Measuring Headlights and Calculating Averages 
	30–45 minutes 

	ELABORATE UNIT 
	ELABORATE UNIT 
	CAN WE CONTROL WHAT WE SEE? 
	Two 45-minute classes 

	ELABORATE-SA-1 
	ELABORATE-SA-1 
	Engineering Design Process Challenge 
	1 hour 30 minutes 

	EXTENSION-2 
	EXTENSION-2 
	Building Better Models 
	20–45 minutes 

	EVALUATE UNIT 
	EVALUATE UNIT 
	CAN WE MAKE GOOD BETTER? 
	Three 45-minute classes 

	EVALUATE-TD-1 
	EVALUATE-TD-1 
	Prismatic Retroreflection 
	10 minutes 

	EVALUATE-SA-1 
	EVALUATE-SA-1 
	A Closer Look 
	20 minutes 

	EVALUATE-SA-2 
	EVALUATE-SA-2 
	Test Engineering 
	60 minutes 

	EVALUTE-SA-3 
	EVALUTE-SA-3 
	Sharing Solutions 
	45 minutes 

	EXTENSION-3 
	EXTENSION-3 
	Creating a Class Retroreflective Sign 
	30 minutes 


	UNIT TIME: time required to complete the entire lesson with information, student activities, teacher demonstrations, and lab sheets. This time does not include extensions. STUDENT ACTIVITY (SA): time required to complete each individual activity and associated lab sheet. TEACHER DEMONSTRATION (TD): time required to complete the teacher demonstration and associated lab sheet. EXTENSION: the estimated time required to complete only the extension activity, separate from the unit time. 
	Artifact
	Figure
	Figure 1. Material kit contents. 
	Artifact


	Curriculum Evaluation  
	Curriculum Evaluation  
	In the fall of 2017, two teachers at Allen Academy in Bryan, Texas taught the Exploring the Science of Retroreflectivity curriculum to fifth and sixth grade students. Researchers revised the curriculum and associated materials based on the feedback received from the teachers and in-class observations.  

	Promotional Activities  
	Promotional Activities  
	On March 30, 2017, two TTI researchers exhibited at the 2017 STEM 4 Innovation Conference for K–12 Education in College Station, Texas. These researchers promoted the Exploring the Science of Retroreflectivity curriculum, which was under development, and student visits to the TTI facilities. 
	On January 25, 2019, three TTI researchers exhibited at the 2018 STEM 4 Innovation Conference for K–12 Education in College Station, Texas (see Figure 2). These researchers promoted the Exploring the Science of Retroreflectivity curriculum by handing out brochures about the curriculum, talking with teachers, and demonstrating some of the student activities and in-class curriculum evaluations. 
	Figure
	Figure 2. 2018 STEM 4 Innovation Conference exhibit. 
	Artifact

	Additional Products 
	Additional Products 
	The Exploring the Science of Retroreflectivity curriculum and associated materials are located at . Teachers and other professionals interested in using the curriculum may contact 
	https://tti.tamu.edu/safe-d
	https://tti.tamu.edu/safe-d

	STEM@tti.tamu.edu for a materials kit or more information. 

	Education and Workforce Development Products 
	Education and Workforce Development Products 
	This educational development project focused on the enhancement and expansion of in-class STEM activities that connect real-life applications to academic concepts. The target users are teachers and other transportation professionals. The student audience is students in grades 4–6. 

	Technology Transfer Products 
	Technology Transfer Products 
	The technology transfer products included: 
	• 
	• 
	• 
	development of promotional materials (brochure and video). 

	• 
	• 
	publication of the curriculum and associated materials online. 

	• 
	• 
	promotion of the curriculum at conferences. 

	• 
	• 
	development of four “train the trainer” videos (available online). 

	• 
	• 
	creation of material kits that can be supplied to teachers upon request. 
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	Appendices 
	Appendices 
	Appendix  A –  Teacher Lesson  Plans  
	Appendix  A –  Teacher Lesson  Plans  
	Appendix A contains the teacher lesson plans. The five lessons were built out to the 5E model (engage, explore, explain, elaborate, and evaluate) with at least one student activity or lesson per section. Each lesson builds from the one prior and can be utilized in its entirety or broken apart to meet learning and time constraints. Each lesson provides background information, activity plans, a supply list, vocabulary, and teacher preparation information. 
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Figure
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Figure
	Artifact
	Appendix B – Student Lab Worksheets and Key 
	Appendix B contains the student lab worksheets and the answer key. 
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	Appendix C – Presentation Slide Deck 
	Appendix C – Presentation Slide Deck 
	Appendix C contains the presentation slide deck. Slides are provided to aid teachers with demonstrations, student activities, and class discussion questions. The slide deck also contains fun facts in transportation. A PowerPoint slide file is available at . 
	https://tti.tamu.edu/safe-d
	https://tti.tamu.edu/safe-d
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