Formative Assessment Analysis
1. Formative Assessments
a. Familiar Phenomenon Probes Assessment
In order to transfer the idea of heat transfer to real life, students will be presented with a short narrative about a phenomenon that is familiar to the students. This assessment can be done as an evaluation.

Question: Sandy went to the beach with her family on a sunny summer day. She noticed that when she walked barefoot on the sand, it was extremely hot and burned her feet. So she ran to the water, which was much cooler on her feet. She wondered why the water would be so much cooler than the sand when the sun was hitting both of them, so she asked her family. This is what they said:
Mom: Neither is warmer. Your feet are just more sensitive to the hardness of the sand.
Lyle: The water has a greater capacity to hold heat than the sand.
Sierra: The sun is shining more on the sand.
Dad: The water is a liquid and is just cooler from being a liquid.
Which person do you most agree with and why? Explain your thinking.

This technique was chosen because it engages students in relating concepts that they’ve learned to phenomena that they encounter every day. This promotes the transfer of concepts to real-life situations. This also informs instruction in that it can determine how well students can transfer their learning to real-life examples. If the results show that the transfer did not take place, then further instruction would be needed and/or a better focus on broader generalizations related to the topic.
Benchmark: SC.912.P.10.4: Describe heat as the energy transferred by convection, conduction, and radiation, and explain the connection of heat to change in temperature or states of matter. Cognitive Complexity: Level 3: Strategic Thinking & Complex Reasoning

b. Three – Two – One Assessment
After an exploration, students will respond to three reflective prompts and provide six total responses (three to the first, two to the second, and one to the third). These prompts include:

What are three things that you measured in this lab?
List two instances where heat was added to an object.
What is one difference between the metals?

This technique was chosen because it is beneficial to both the student and the teacher. The student can see exactly what new or difficult concepts or portion of a new or difficult concept they had problems with and had success with. In addition, students focus on the important ideas of a lesson, realizing what to focus mostly on. This evaluation provides the teacher with student feedback so that the teacher can see if the learning objectives of the day were met by analyzing the responses for key ideas. In addition, the teacher can provide further instruction on the portions that students struggled with.
Benchmark: SC.912.P.10.4: Describe heat as the energy transferred by convection, conduction, and radiation, and explain the connection of heat to change in temperature or states of matter. Cognitive Complexity: Level 3: Strategic Thinking & Complex Reasoning

c. Ten-Two Assessment
This assessment will be used to allow students to reflect during a lecture heavy class on enthalpy. After ten minutes of lecture, students will then take two minutes to reflect on and summarize what they have learned so far. I will walk around as they write their reflections to see if any students are struggling with the information. After two minutes, I will have about four or five students read me their reflections.
This assessment was chosen because the class that I teach in is very lecture heavy. I feel as though I lose the students with all of the information that I have to cover, so this technique would allow me to see how the students are following along. The content that it addressed is just the material that will be covered during a particularly lecture heavy class that I’ve seen students struggle with before.
Benchmark: SC.912.P.10.7: Distinguish between endothermic and exothermic chemical processes. Cognitive Complexity: Level 2: Basic Application of Skills & Concepts

d. Fact First Questioning Assessment
During a review of equilibrium shifts, this assessment could be used to see why a certain shift in equilibrium occurs and not just which way it would shift. This forces students to go back to their understanding of kinetic molecular theory and gas theory.
This assessment will be used to provide insight into students’ ideas. This assessment uses higher-order thinking questions to draw out student knowledge beyond recall. This assessment truly digs deep into the conceptual understanding of a student. By asking the why, the student is forced to know what the concept truly is and cannot just recall the answer that was given during class. The content addressed was chosen because it is a concept that many students struggle with. In order to get students truly thinking about why equilibrium happens, why it changes, and why it is “fixed,” the “how” and “why” questions can truly get the students grasping the meaning of these concepts.
Benchmark: SC.912.P.12.13 Explain the concept of dynamic equilibrium in terms of reversible reactions occurring at the same rates.

2. Administering Assessments
a. Period 1: 23 students, period 2: 22 students. The grade level ranges from tenth grade to twelfth grade. No accommodations were made for different learning styles.
b. Period 1: 23 students, period 2: 22 students. The grade level ranges from tenth grade to twelfth grade. For this assessment, one student had broken the wrist of the arm that she writes with. In order to accommodate this need, I allowed her to verbalize her responses to the questions to me instead of her having to write them down.
c. Period 1: 25 students, period 2: 23 students. The grade level ranges from tenth grade to twelfth grade. No accommodations were made for different learning styles.
d. Period 1: 24 students, period 2: 23 students. The grade level ranges from tenth grade to twelfth grade. The only accommodation that was given was that the questions were written on the overhead and verbalized to the students.

3. Scoring Rubric
Question: Sandy went to the beach with her family on a sunny summer day. She noticed that when she walked barefoot on the sand, it was extremely hot and burned her feet. So she ran to the water, which was much cooler on her feet. She wondered why the water would be so much cooler than the sand when the sun was hitting both of them, so she asked her family. This is what they said:
Mom: Neither is warmer. Your feet are just more sensitive to the hardness of the sand.
Lyle: The water has a greater capacity to hold heat than the sand.
Sierra: The sun is shining more on the sand.
Dad: The water is a liquid and is just cooler from being a liquid.
Which person do you most agree with and why? Explain your thinking.
	
	KI Level
	Response Description
	Example Response

	Complex
	Students understand how more than two science concepts interact in a given context.
	Elaborate two or more scientifically valid links among ideas relevant to a given context.
	Since water has a greater ability to hold heat, it does not transfer as much heat to your foot as the sand. This results in a smaller increase in temperature for the water than the sand and an appearance of being cooler.

	Basic
	Students understand how two scientific concepts interact in a given context.
	Elaborate a scientifically valid link between two ideas relevant to a given context.
	I agree with Lyle because water has a greater ability to hold heat, which results in a smaller increase in temperature for the water than the sand and an appearance of being cooler.

	Partial
	Students recognize potential connections between concepts but cannot elaborate the nature of the connections specific to a given context.
	Have relevant ideas but do not fully elaborate links between them in a given context.
	I agree with Lyle because water is an insulator.
OR
I agree with Lyle because water has a higher specific heat than the sand.

	Isolated
	Students have relevant ideas but do not connect them in a given context.
	Have relevant ideas but fail to recognize links between them.

Make links between relevant and irrelevant ideas.
	I agree with dad because liquids tend to have higher heat capacities than solids.
OR
I agree with Sierra because the sun shines on the top layers of sand and water, and you would walk on the top layer of sand and a lower level for water.
OR
I agree with mom because feet are one of the most sensitive parts of the body.

	Irrelevant
	Students have irrelevant ideas in a given context.
	Have incorrect/irrelevant ideas.
	I agree with mom/Lyle/Sierra/dad with an explanation with erroneous information.




4. Rubric Analysis
	In first period, there were no complex answers to the question, eight basic responses, fourteen partial responses, and one irrelevant response. In second period, there were no complex answers, three basic responses, eleven partial responses, two isolated responses, four irrelevant responses and two incomplete responses. No students made the connection between water transferring less heat than sand due to a high specific heat and a small change in temperature. There were students who made one or the other connection but none that actually used both parts in their explanation. The students that gave a basic response made the connection that a higher specific heat resulted in water holding the heat more and a smaller change in temperature. The important piece of this response was to make the connection between water holding more heat and a smaller change in temperature. A sample of a basic response that was given by a student:
[image: ]
Most students from both classes gave a partial response. This type of response was missing the relationship connecting to change in temperature and provided an explanation that water holds more heat because it has a higher heat capacity or it’s an insulator. Most of these responses had only one of the reasons, but a sample that gave both reasons is:
[image: ]
Two students gave an isolated response to the question. In this type of response, students gave statements that were somewhat factual but did not fit the context of this problem. An isolated response, which is somewhat factual but doesn’t really relate to temperature (coolness) is:
[image: ]
The students that gave irrelevant answers had incorrect information in their explanations. The person who they picked may have been correct but their explanation included information that was false. A sample is:
[bookmark: _GoBack][image: ]
The two incompletes could have occurred for a couple reasons: the students did not have enough time or they had no clue at all. The former would seem to be a more correct assumption since both students had put “I agree with Lyle because,” which seems to show that they at least had begun to think in the right direction.
Considering the basic and complex sample responses to be acceptable answers to be considered correct, only eleven students from both classes answered the problem correctly. The partial sample response would be partially correct. Twenty-five students from both classes answered the problem partially correct. All other responses (isolated, irrelevant, and incomplete) were considered incorrect. Nine students from both classes gave incorrect responses.

5. Reflection
	I was surprised that most students only partially answered the question correctly. Most students gave a reason for why water would hold more heat, but they did not explicitly discuss how this would affect the cool feeling (a small change in temperature). I found the results especially surprising since some students who normally over-perform, meaning they tend to succeed in the class and get most questions right on tests/in class, only partially answered the question. In addition, some students who normally under-perform, struggle through labs, homework and tests, answered the question entirely correct by stating a relationship between ability to hold heat and change in temperature. This seemed true especially for some students who struggle with math concepts.
	Based on the fact that over half of the students gave a partially correct answer by agreeing with Lyle because water has a high specific heat, it seems that most students could explain why water holds more heat (insulator and high specific heat) but either did not make the connection to change in temperature or did not find it necessary to include it in the explanation. Students can take the concepts in chemistry and apply it to every day experiences (apply specific heat to sand and water at the beach). Students tend to focus on definitions in delivering their responses. Most students made the connection between ability to hold heat and specific heat, but few students elaborated how this affects the way the water feels. From this information it seems as though there are three thinking patterns that are prominent: either the student just used the definition of specific heat to answer the question, didn’t think that the change in temperature was necessary for an explanation, or just didn’t make the connection to temperature change and cool feeling.

6. Future Instruction
	Based on the reflection of the rubric analysis, there are two things that I would be more insistent on doing while teaching these classes: asking students to explain concepts, definitions, or calculations in their own words and asking much more how do you know/why questions. In order to steer clear of definition answers, having students explain concepts, definitions, or calculations in their own words requires them to think about what the concept actually is, how it is affected, what factors make it up/change it, etc. If the student can respond correctly in his/her own words, then it is more likely that the student has a grasp on the concept and will remember it. Another way to promote understanding (measured by ability to meet objectives) would be to ask much more why/how do you know questions. Correct responses to these types of questions show that the students can take the concept at hand and give rational for the concept. This can also show how effective the student is at making connections to concepts previously covered.
After having taught this lesson, I feel like I have to be more explicit in what I’m asking for and what my expectations are. The students seem to understand the question for this assessment but may not know the extent to what I may be asking with the question. This assessment itself would need some revisions based on the analysis. In order to make my expectations clearer, the question would have to be changed. “Which person do you most agree with and why? Explain your thinking” would need to be changed to “Which person do you most agree with and why? How does the person’s response relate to a cooler feeling? Explain your thinking.” Adding this portion to the question requires students to figure out a relationship between how the water feels and the responses. In making the correct choice with Lyle, students then have to determine how specific heat could affect how the water feels, which the only connection between the two would stem from a change in temperature. In addition, the response listed for Lyle “The water has a greater capacity to hold heat than the sand” simply needs to be changed to “The water has a greater ability to hold heat than sand.” This would be helpful to better check student understanding because it takes out the word capacity which is directly in the concept of specific heat capacity. It requires students to think more about what is happening instead of recognizing a word.
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