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Using	
  PhET	
  SimulaHons	
  for	
   	
   	
   	
   	
   	
  	
  	
  
Chemistry	
  Inquiry:	
  	
  
Free	
  research-­‐based	
  resources	
  on	
  the	
  web	
   •  New	
  Chemistry	
  Sims	
  	
  

–  Designed	
  and	
  researched	
  to	
  support	
  producHve	
  inquiry	
  

•  AcHviHes	
  on	
  the	
  web	
  for	
  you	
  to	
  use	
  –	
  right	
  away!	
  
•  PhET	
  is	
  free	
  and	
  here	
  to	
  stay	
  
– Growing	
  user	
  base	
  
–  Funding	
  for	
  chemistry	
  

Overview	
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  Online	
  

PhET	
  sims	
  run	
  from	
  website	
  	
  

What	
  is	
  PhET?	
  

Suite	
  of	
  120	
  interacHve	
  science	
  sims	
  –	
  38	
  in	
  chemistry!	
  
•  How	
  could	
  you	
  use	
  PhET	
  sims	
  
with	
  your	
  students?	
  

	
  Your	
  Turn	
  

Build	
  an	
  Atom	
   Molecule	
  Polarity	
   Sugar	
  and	
  Salt	
  SoluHons	
  	
  

Plans for using   
This is a list of lessons that can be found in the Teaching Ideas section of the PhET website  

May 2012 The pdf of all my lessons are available at https://phet.colorado.edu/en/contributions/view/3459 

I C  In Class Activity; C Q  clicker questions; H W  homework ; Demo: teacher centered group discussion 
 
Introduction to A toms, Molecules and Ions: 

Build an Atom: IC/CQ 
Salts & Solubility 1: IC/CQ 
Isotopes: IC/CQ 
States of Matter: demo/IC/CQ 
Models of Hydrogen Atom: IC/Demo includes Neon lights and Discharge Lamps  

Formulas, Composition, Measuring chemicals, Chemical Reactions, Stoichiometry 
Reactions and Rates 1: Demo/IC/CQ 
Balancing Chemical Reactions: IC/CQ 
Reactants, Products, and Leftovers: 2 activities HW/CQ 

Solutions 
Salts & Solubility 2: IC/HW 
Sugar and Salts: IC/HW/CQ  
Molarity: IC  
Concentration (activity still in draft) 

(activity still in draft) 
Gases  

Gas Properties & Balloons and Buoyancy: Demo/IC/HW/CQ 
Gas Properties  Gas Laws IC/HW 

Thermochemistry Introduction 
Reactions and Rates 2: IC/CQ 

Atomic structure, Per iodicity and General Bonding 
Build an Atom: IC/CQ 
Build a Molecule: IC or HW/CQ 
Molecule Polarity: IC or HW /CQ  
Molecular Shapes: IC or HW /CQ 
Molecules and Light: IC 

L iquids and Solids     
Density:IC/CQ 
States of Matter and States of Matter Basics: IC/CQ 
Atomic Interactions: Demo or HW (activity still in draft) 

Chemical K inetics and Equilibrium  
Reaction and Rates 3: IC/CQ 
Reaction and Rates 4 (also uses Salts & Solubility, States of Matter): IC/CQ   

Acids, Bases and E lectrolytes  
pH Scale: IC/CQ 
Acid Base Solutions: IC/CQ 
Salts &Solubility 3: IC/CQ 
Sugar and Salt Solutions Demo (just reuse clicker questions from Activity 1) 

Nuclear sims:  
Nuclear Fission IC (By Chasteen) 
Beta Decay IC 
Alpha Decay IC 
Rutherford: (activity still in draft) 
Radioactive Dating Game (activity still in draft) 

Broad	
  ObjecHves	
  

Accessible,	
  Understandable,	
  and	
  Fun	
  

ConnecHons	
  to	
  Everyday	
  Life	
  

Conceptual	
  Learning	
  

Engage	
  in	
  ExploraHon	
  

Sense	
  of	
  Ownership	
  

Designed	
  to	
  Support	
  Inquiry	
  

Real-­‐Hme	
  feedback	
  

Implicitly	
  
scaffold	
  inquiry	
  

Highly	
  interacHve	
  	
  

MulHple	
  
representaHons	
  

IntuiHve	
  interface	
  

Game-­‐like	
  

Allow	
  impossible	
  
acHons	
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Where	
  is	
  PhET?	
  

hdp://phet.colorado.edu	
  

Use	
  online	
  	
  
or	
  download	
  
(∼270	
  MB)	
  

Who	
  is	
  PhET?	
  

CU	
  Boulder	
  team	
  of	
  scienHsts,	
  researchers,	
  
programmers	
  and	
  educators	
  

Who	
  uses	
  PhET?	
  

Website:	
  27	
  languages	
  Sims:	
  69	
  languages	
  

Over	
  25	
  million	
  sims	
  run	
  in	
  2011,	
  35%	
  internaHonal!	
  

How	
  can	
  PhET	
  be	
  free?	
  

NaHonal	
  Science	
  FoundaHon	
  

The	
  Hewled	
  FoundaHon	
  	
  

The	
  O’Donnell	
  FoundaHon	
  	
  

The	
  University	
  of	
  Colorado	
  	
  

Carl	
  Wieman	
  &	
  Sarah	
  Gilbert	
  

Corporate	
  sponsors,	
  schools,	
  and	
  individuals	
  like	
  you!	
  

•  Extensive	
  design	
  feedback	
  on	
  each	
  sim	
  
–  Student	
  interviews	
  
–  Classroom	
  studies	
  

•  Research	
  on	
  many	
  sims	
  shows	
  what	
  works	
  
–  Students	
  intuiHvely	
  use	
  controls	
  
–  Students	
  correctly	
  interpret	
  representaHons	
  

Research	
  Based	
  Design	
  

•  Use	
  the	
  Planning	
  to	
  Use	
  PhET	
  Sims	
  handout	
  
–  Record	
  your	
  ideas!	
  

•  Need	
  help	
  with	
  learning	
  goals?	
  
–  Check	
  the	
  Wri5ng	
  Learning	
  Goals	
  handout	
  

Explore	
  the	
  Sims	
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What	
  Did	
  You	
  Find?	
   AcHvity	
  Design	
  

Build	
  a	
  Molecule	
   Molecule	
  Shapes	
  

What	
  will	
  students	
  be	
  doing	
  and	
  learning?	
  	
  

•  Start	
  with	
  5-­‐10	
  minute	
  open	
  play	
  
•  Minimize	
  or	
  eliminate	
  “sim-­‐specific	
  direcHons”	
  
•  Use	
  open,	
  invesHgaHve	
  quesHons	
  
•  See	
  PhET	
  Guided	
  Inquiry	
  Strategies	
  handout	
  

Tips	
  for	
  Sim	
  Use	
  

Set	
  the	
  acid	
  
concentraHon	
  
to	
  0.010	
  M	
  …	
  

Explore	
  all	
  	
  
the	
  things	
  that	
  
affect	
  pH.	
  

Creating PhET Activities using Guided Inquiry Strategies 
PhET Interactive Simulations     phet.colorado.edu 

PhET Interactive Simulations    Perkins/Loeblein/Harlow 
 5/23/2012 

The PhET simulations (phet.colorado.edu) are specifically designed and tested to support 
student learning.  However, what students do with the sims is as important as the 
simulations themselves.  PhET sims may be used in many different types of activities but 
we believe the sims are most effective when integrated with guided inquiry activities 
which encourage students to construct their own understanding. We suggest:  
 
1. Define specific learning goals  
The learning goals need to be specific and measurable. Many of the sims are complex and 
students can become overwhelmed; align the lesson with your goals. 
 
2. Encourage students to use sense-making and reasoning 
The activity should be geared towards encouraging the student to operate in learning 
mode not performance mode. What can they discover about the physics? What 
connections do they find?  How does it make sense? How do they explain what they 
discover? 
  
3. Connect and build on students’ prior knowledge & understanding 
Ask questions to elicit their ideas. Guide students’ use of the sims to test their ideas and 
confirm their ideas or confront any misconceptions. Provide ways for them to resolve 
their understanding.  
  
4. Connect to and make sense of real-world experiences  
Students will learn more if they can see that the knowledge is relevant to their everyday 
life. The sims use images from everyday life, but the lesson should explicitly help them 
relate to their lives. As you write the questions and examples, consider their interests, 
age, gender, and ethnicity. 
  
5. Design collaborative activities  
The sims provide a common language for students to construct their understanding 
together. More learning happens when they communicate their ideas and reasoning to 
each other.  
  
6. Give only minimal directions on sim use  
The sims are designed and tested to encourage students to explore and make-sense.  
Recipe-type directions can suppress their active thinking. 
  
7. Require reasoning/sense-making in words and diagrams 
The sims are designed to help students develop and test their understanding and 
reasoning about things. Lessons are most effective when students are asked to explain 
their reasoning in a variety of ways.  
  
8. Help students monitor their understanding 
Provide opportunities for students to check their own understanding. One way is to ask 
them to predict something based on their new knowledge and then check the prediction 
with the simulation.  

Using	
  PhET	
  AcHviHes	
  in	
  Class	
  

Ac@vity	
  A	
  
Select	
  the	
  strong	
  acid	
  
soluHon.	
  Dip	
  the	
  pH	
  meter	
  
into	
  the	
  soluHon	
  and	
  
record	
  the	
  pH.	
  

Ac@vity	
  B	
  
Explore	
  the	
  sim	
  with	
  a	
  
partner.	
  InvesHgate	
  all	
  of	
  
the	
  factors	
  that	
  affect	
  the	
  
pH	
  of	
  a	
  soluHon.	
  

Acid-­‐Base	
  SoluHons	
  

Using	
  PhET	
  in	
  a	
  Lecture	
  

How	
  will	
  evaporaHon	
  affect	
  the	
  concentraHon?	
  

A. 	
  Increase	
  
B. 	
  Decrease	
  
C. 	
  No	
  change	
  

ConcentraHon	
  

Using	
  PhET	
  in	
  Lab	
  

Lab	
  	
  Test	
  the	
  conducHvity	
  of	
  salt	
  and	
  sugar	
  
in	
  water.	
  Describe	
  how	
  concentraHon	
  affects	
  
the	
  conducHvity	
  of	
  both	
  soluHons.	
  

Sim	
  	
  Compare	
  how	
  salt	
  and	
  sugar	
  behave	
  
in	
  water.	
  Describe	
  how	
  your	
  observaHons	
  
help	
  you	
  explain	
  the	
  conducHvity	
  results.	
  

Sugar	
  and	
  Salt	
  SoluHons	
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Assessment	
  of	
  PhET	
  

Before	
  Lab	
   Aner	
  Lab	
  

Using	
  PhET	
  in	
  Homework	
  

Balancing	
  Chemical	
  EquaHons	
  

Flexible	
  Use	
  

Circuit	
  ConstrucHon	
  Kit	
  (CCK)	
  

CCK	
  in	
  grade	
  school:	
  
“What	
  do	
  you	
  need	
  to	
  make	
  
the	
  bulb	
  light?”	
  

CCK	
  in	
  high	
  school	
  and	
  
college:	
  
“Why	
  does	
  the	
  light	
  dim	
  when	
  
you	
  turn	
  on	
  the	
  heater?”	
  

•  AcHvity	
  Design	
  for	
  PhET	
  SimulaHons	
  

•  Helpful	
  handouts	
  (white	
  pages)	
  
–  Sample	
  lesson	
  plan	
  for	
  Sugar	
  and	
  Salts	
  
–  Ideas	
  for	
  AcHviHes	
  from	
  PhET	
  Teaching	
  Ideas	
  

•  AcHvity	
  Database	
  online	
  
•  Tips	
  for	
  Teachers	
  for	
  each	
  sim	
  

More	
  Resources	
  
Activity Design for PhET Simulations  

phet.colorado.edu 
 

Loeblein 10/15/2012 

 
 

Creating Activities using a Guided Inquiry Approach  
 

1. Specific learning goals  
2. Students reason and make sense 
3. Connect to students’ knowledge  
4. Connects to real-world experiences  
5. Collaborative activities  
6. Minimal directions for simulations 
7. Students self-check understanding   

 
Start writing an activity using this planning guide: 
 
1. Brainstorm some learning goals that the simulation would support. 
 
 
2. Choose a goal to work on for today 
 
 
3. What strategy or strategies do you think you will use? (ie demo, lab, 
homework, clicker) 
 
 
4. Outline or map your lesson. 
 
 
 
 

 
Traditional Lesson: 

Add 100 silver bromide pairs to the 
water.  How many silver and bromide 
ions dissolve in the water?  Repeat this 
for all salts.     
 

 
Inquiry Based Lesson: 

Investigate different salts.  What features 
do salts have in common, and how do 
salts differ from each other?   
 

Ideas for Using Activities from PhET Teaching Ideas 
(People have contributed activities to share- remember to cite the activities you use for ideas) 

1. Find Activities: 
• Use PhET categories to find sims by topic or grade level.  
• Search using key words to find sims and activities that align to your topic. 

 

 

 

• On any sim page, scroll down to find activities under Teaching Ideas  
 

 

 

• Use For Teacher > Browse Activities to 
search by sim, strategy, grade level, and 
language 
 

2. Use your identified learning goals to extract pieces that are helpful: 
• Compare your learning goals to the ones in the activity, then extract or modify pieces to meet 

your goals. Watch for: 

o Gold Star Activities  for guided inquiry use ideas. These have been identified to 
align with PhET Guided Inquiry Strategies 

o Tables, charts, and images that you can copy or easily adapt 
o Introductory ideas for helping students relate to the topic 
o Follow-up ideas for post activity discussion or explorations 
o Quantitative questions or directions that you want to make more qualitative 
o Slides that have Concept Questions you could use for large group discussions  
o Technical vocabulary that you might simplify to everyday language 
o Strategies to help students make sense with little direct instruction 
o Post-lab questions you could use during the activity for class discussion 
o Prescriptive directions that you can change to be open ended challenges 

• If you are spending too much time trying to adapt what you find – STOP. List your learning goals 
and start your own activity. 
 

3. Examples: 
• Change Quantitative to Qualitative.  Before: “Knowing the TOTAL force and the mass of the file 

cabinet, calculate its acceleration.” Change to: “Using the features in the sim, try to change the 
acceleration of the file cabinet. Write down the variables you changed and how they affected 
acceleration” 

• Change the directions to be Challenges.  Before: “Add water to your solution. a) Describe the 
change in color of the solution. b) Describe the change in bar graph.” Change to: “Try to find out 
all the things that you can change and what describe what you find.” 

• Change scientific vocabulary to everyday language.  Before: “What does adding solute do to 
concentration?” Change to “How does adding salt or water change the mixture?” 

What’s	
  Next	
  for	
  PhET?	
  
Sim	
  Sharing	
  

New	
  Sims	
  

Sims	
  on	
  
Tablets	
  

•  Visit	
  us	
  on	
  the	
  web	
  	
  	
  	
  
–  hdp://phet.colorado.edu	
  
–  Contribute	
  a	
  teaching	
  acHvity	
  

•  Contact	
  us	
  	
  	
  	
  
–  phethelp@colorado.edu	
  
–  Suggest	
  new	
  sim	
  topics	
  
–  Report	
  bugs	
  

•  Keep	
  in	
  touch!	
  

Thanks	
  for	
  your	
  adenHon!	
  


