Applying Generative Artificial Intelligence to Critiquing Science Assessments

Appendix A. Example GPT-4V’s output and TAPS annotation for the same question.
	Prompt
	Output

	Zero-shot
	Question 2 does capture the targeted science and engineering practices, disciplinary core ideas, and cross-cutting concepts to some extent. The task involves planning and carrying out an investigation to explore the relationship between energy transfer and temperature change, which is directly related to the core idea of energy (MS PS3.A). It also implicitly addresses the cross-cutting concept of cause and effect by examining how the same amount of energy affects different substances (black and white sand).

However, there are areas where Question 2 could be improved to better align with the standards and support diverse learners:
Equity: The assessment could be improved by ensuring that the language and context are accessible to all students, regardless of their background. It should avoid any cultural references that might not be universally understood and ensure that the instructions are clear and straightforward.
Idea for improvement: Provide a glossary for any scientific terms used and ensure that the context of the experiment is explained in a way that is relatable to students from diverse backgrounds.

Scenarios: The assessment provides a scenario that requires students to critique and improve an experimental design. However, it could be more explicit in guiding students on how to think about the variables involved.
Idea for improvement: Include a scenario that prompts students to consider control variables, such as the mass of the sand samples, to ensure a fair test.

Science and engineering practices: The assessment supports the practice of planning and carrying out investigations but could emphasize the importance of controlling variables and repeating trials for reliability.
Idea for improvement: Ask students to identify control variables and suggest how to repeat the experiment to confirm results.

Disciplinary core ideas: The assessment touches on the core idea of energy but could better highlight the relationship between energy transfer and temperature change.
Idea for improvement: Include a question that asks students to predict the outcome based on their understanding of energy transfer and temperature.

Cross-cutting concepts: The concept of cause and effect is present but could be made more explicit.
Idea for improvement: Ask students to explicitly state the cause-and-effect relationships they expect to see in the experiment.

Sensemaking: The assessment invites students to reason about the experimental procedure but could encourage deeper thinking about the underlying phenomena.
Idea for improvement: Include prompts that ask students to explain their reasoning behind the expected temperature changes in both types of sand.

In summary, while Question 2 does address the targeted standards to some extent, it could be improved by providing clearer guidance on experimental design, emphasizing control variables, and encouraging deeper sensemaking about energy transfer and temperature. These improvements would help ensure that the assessment is equitable, authentic, and meaningful to a diverse range of students.

	TAPS (educators’ annotations)
	Identifying the errors requires students to bring an understanding of SEP Planning and Carrying Out Investigations, and explaining why the changes are needed require students to connect understanding of how differences in mass and heating time to the SEP. Students describe how the errors can impact the final temperature of the samples observed. This is an example of students using DCIs (6-8 MS PS3.A) and SEPs (“evaluate and/or revise the experimental design” together to sense-make, here, to evaluate experimental design.

This example lies at the border of 3-5 and 6-8 expectations. While the investigation involves multiple variables to be controlled for (6-8), it is a very simple experiment with no mention of number of trials or the need for precise procedures, thus making it closer to 3-5 expectations.

The question requires that students understand that mass and heating time can influence the final temperature of the sample. This relates to the idea of “cause and effect” (CCC), the CCC is superficially and implicitly assessed.


Notes. Bolded text = overlap between the LMM and TAPS annotations.

We scored this as follows: Standards: 11/12 (3 for SEP, 4 for DCI, 4 for CCC); Overlap: 4/5; Details: 4/5; Accuracy: 5/5

We took the following notes: Suggests that standards are not sophisticated enough. However, does not explicit point out that SEPs are at the middle school level (so scoring SEP as 3 out of 4). Feedback refers to the assessment wording, e.g., “The assessment provides a scenario that requires students to critique and improve an experimental design”.



Appendix B. Overview of selected TAPS assessments.
	Task Name
	Grade
	Domain
	Assessment Type
	# of questions
	Multimodality

	Oil spill
	Elementary 
	Physical Science
	Short
	4
	Text, images (video screenshots)

	Movement matter
	Elementary
	Life Science
	Short
	6
	Text, images, systems models

	Waterwise
	Elementary
	Earth and Space Sciences
	Instruction embedded
	6
	Text, bar graphs, pie charts

	Heating Sand
	Middle
	Physical Science
	Short
	2
	Text, images (from experiments)

	Natural Hazards
	Middle
	Life Science
	Short
	5
	Text, bar graph, table (idea organizer)

	Layers test tube
	Middle
	Physical Science
	Short
	3
	Text, images (experiment demo), table (experiment results)

	Evaporative
	High
	Physical Science
	Short
	6
	Text, graph, table (experiment results), molecular drawings

	Maglev
	High
	Physical Science
	Short
	4
	Text, images (experiment demo), table (experiment results)

	2 Species
	High
	Life Science
	Summative
	6
	Text, bar graph





Appendix C. Interview protocol with teachers.

Introduction (5 minutes)
Thanks for joining our research project today! First, can you introduce yourself:
1. Your grade level and science domain focus
2. How many years have you taught in general? How many years have you taught science?
3. Your familiarity with generative AI tools (e.g., ChatGPT, multimodal AI)
a. Potential follow-up: How have you used these tools for teaching?

Examining existing TAPS science assessments (15 minutes)
4. Can you tell me about how you assess students’ learning in your classroom? 
a. If they don’t mention it, prompt specifically for formative science assessment.
b. Where do you find resources for science assessments? Do you create your own or use existing assessments?

5. We have curated some existing science assessments for the AI to critique. Before that, we want you to look at the assessment and tell us what you think. 
a. Please pick an assessment based on your grade level and domain focus (e.g., physics, environmental science, life science). We’ll give you a few minutes to look over the assessment.
b. Can you tell us your first impression of this assessment?
· How similar is this assessment to what you might use in your classroom?
· What do you like?
· What do you not like?
· What might you change about this assessment to better align with your teaching practice?

Critiquing AI annotations (20 minutes)
6. We are building an AI tool to critique science assessments for teachers, before they administer the assessments with students. What would you like to see in the AI critique?

7. Now, let’s look at the AI annotations of the same assessment. We want to hear from you about the quality of these annotations. 
a. Take a minute to read through the annotation. As you read, we will ask you to think aloud and explain your thoughts to us. You can go section by section (e.g., critique of science and engineering practices -> disciplinary core ideas).
b. What do you think about this part of the annotation? 
· What aspects of it do you like?
· What aspects do you not like? What does the AI seem to be not so good at? What is not as useful?
c. What actions might you take to modify the assessment, based on the annotations? 
d. We are prompting the AI to generate output in a certain way, and it is not the only way to use these tools. 
· What would you change about the AI’s output? 
· What information would be helpful for teachers to know?



1

