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Introduction 

The transformation of matter between phases is one of the most practical and intuitive 

principles of chemistry. Nonetheless, despite its intuitiveness, there is an underlying 

sophistication that is easy to take for granted. Matter does not simply change forms; there 

is a dynamic system of molecular forces at play. The simulation Phase Change (located 

at http://tinyurl.com/ljrwldn) allows learners to experiment with different settings to see 

how select materials are affected by heat. The simulations seem suited for middle school 

students learning the connection between their everyday lives and formal chemistry 

discourse, therefore testing will be done to see how it works for middle school-aged 

students. For this study, we will employ the use of think-aloud protocols to get a direct 

measurement of students’ load, as well as their feedback (Plass, Kalyuga, Homer, & 

Milne, 2008). 

 

Study Design 

Questions 

• How much cognitive load does this simulation produce? 

• What aspects of the simulation are appropriate to the target audience? 

• Is the simulation effective at introducing fundamental chemistry concepts – 

specifically, the changing of phases? 

o This requires further analysis and post-testing. 

• Where do learners spend the most time? 

Target Audience 

• Middle School-aged students (grades 6 – 8) 
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• Students with minimal chemistry experience (covered/have not covered chemistry 

is class)  

 

Treatments 

• Phase Change with students that have not covered formal chemistry concepts 

• Phase Change with students that have covered formal chemistry concepts 

o For our purposes, “formal chemistry concepts” includes covering phase 

change phenomena. 

Setting 

• These studies will be done in the CREATE lab, located at 196 Mercer St. New 

York, NY 

 

Data Collected 

• Interview (Think-aloud session) 

• Basic Questionnaires: Prior Knowledge 

 

Instruments 

• Demographic Questionnaire 

• Play testing Tasks 

• Probes 

 

Participants 

• Students in middle school between grades 6 – 8. 
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• Students that have covered vs. not have covered fundamental chemistry. 

 

Instruments and Measures 

Demographic questionnaire. 

• Gender 

• Grade Level 

• Have you ever covered chemistry concepts in class? This includes the elements, 

states of matter (solid, liquids, gases). 

 

Tasks 

1. Free Play 

2. Compare the processes between the different gases 

3. Review the comic in how well it introduces and closes the topic 

 

Probes – Warm-up 

1. What do you know about phase changes? 

a. For example, what do you know about the connection between ice and 

water? 

b. What about between water and water vapor? 

2. “I didn’t make this simulation, and you won’t hurt my feelings or the developers’. 

Please talk about the simulation as if you were talking to a friend about it. You 

can talk to each other or myself. Just keep on talking, as much as you can.” 
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Probes - General 

1. Please tell me what you see. 

2. Why are you clicking that button? 

3. What do you think the button will do? 

4. Do you need more guidance? (Plass, 2014) 

Probes – Specific 

1. What do you see happening in the graph? 

2. What do you think the graph shows? 

3. Tell me what you are learning here. (Plass, 2014) 

4. What is interesting about the comic? 

 

Procedure (total time: 1 hour/pair) 

Setup (total: 4 min)  

• A pair of students come in, is greet by staff, and are asked to be seated in waiting 

area. 

• While waiting, the participants fill out the demo questionnaire - one for each of 

them. (3 min) 

• The moderator prepares simulations on computers to the beginning of the intro 

comic (1 min). 

Warm-up (total: 6 min) 

• Moderator picks up and escorts participants to the testing room (1 min). 
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• In testing room, the moderator introduces his/herself to the participants, and asks 

the warm-up probe questions to get the participants comfortable with the 

interviewing process (5 min) 

 

General Probes, tasks, and specific probes (total time: 30 min) 

Task 1 – Free play (total time: 15 min) 

• Moderator tells the participants to play the simulation as normal, while sharing 

any thoughts as they come to them. (15 min) 

o While the participants use the simulation, the moderator probes with 

questions from the “general probes” section. 

Task 2 – Understanding the phase change process (total time: 10 min) 

• Moderator tells the participants to play the simulation again, but with specific 

attention on what the graphs are saying about the phase change process. (10 min) 

o While the participants use the simulation, the moderator probes with 

related questions from the “specific probes” section. General probes may 

be used as well. 

Task 3 – Effectiveness of comic (total time: 5 min) 

• Moderator tells the participants to play the simulation once more, but with 

specific attention on the introduction and conclusion comics. (5 min) 

o While the participants use the simulation, the moderator probes with 

related questions from the “specific probes” section. General probes may 

be used as well. 

Debriefing (total time: 5 min) 
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• Moderator answers any further questions from the participants. (4 min) 

• Moderator thanks and escorts the participants out of the waiting room. (1 min) 

 

Data Analysis Plan 

Rubrics (adapted from Plass, 2014) 

• Extrinsic Load 

o Does the simulation provide sufficient information to understand the 

concepts? 

! Keywords: “I’m confused”, “what do we have to do?” 

o Does information relate to prior knowledge? 

! Keywords: “Huh?”, “I never saw this before” 

o Does information explain already known concepts? 

! Keywords: “Yeah, I get it”, “Yeah…”, “I’ve seen this before” 

• Intrinsic Load 

o How related are the elements to each other? 

! “So ____ this me that ____!”, “How does this relate?” 

o Are the individual parts simple enough to understand on their own? 

! “What does this do?”, “How is this connected to that?” 
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