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Because we know that test design and item types can greatly influence classroom/instructional emphasis and because we know that engaging in scientific inquiry is integral to learning science, as much care and thoughtfulness should be used in designing test items for assessing scientific inquiry as for assessing science content. The approach below has been used by several states in the past few years to develop more meaningful science assessments.

1. Identify potential constructs for assessing inquiry. (See Table 2 for examples with coding for Webb’s Depth of Knowledge/ DOK levels.) Having consistent constructs will assure greater continuity and coverage year-to-year for each grade level assessed. Without consistent, agreed-upon constructs, you run the risk of assessing a very narrow range of inquiry skills, and having little long-term performance data from which to make interpretations. You also run the risk of having too many low-level (DOK 1) items to assess inquiry, when inquiry clearly spans DOK levels 1-4 and involves a complex combination of skills and knowledge of inquiry. (See Table 1 for a range of science inquiry DOK examples cross-referenced with Andrew Porter’s categories for science.) Use your science assessment GLEs/assessment targets to create constructs that align with both content and cognitive demand.
2. Determine potential item types for assessing individual constructs and/or combinations of constructs – multiple choice, short answer, open/constructed response, or extended performance tasks. Again, consider how items align with both content and cognitive demand of your assessment targets. Ask: What item/item type best represents what we want to know that students can do and how deeply they understand the BIG IDEAS of scientific inquiry? What evidence will make thinking/reasoning transparent so inferences can be made (e.g., Novice to Expert performances)?
3. Establish a Balance of Representation for assessing the identified inquiry constructs. Will the constructs all be assessed at every grade level each year? Are some inquiry constructs more important than others – meaning that they get more assessment emphasis (and probably more instructional emphasis) at certain grade levels? Will you assure that each DOK level (meaning each level 1-3) is assessed/sampled each year?  An alternative to Webb’s DOK levels might be to “balance” a sampling across Porter’s categories for science. A Balance of Representation including cognitive demand provides a plan for item development and test design year-to-year, and offers greater consistency in interpretation of performance (and instructional emphasis), as well.

4. To the degree possible, develop groups of items associated with a diagram, data set, or experimental procedure as the context. Item groupings might make the assessment more meaningful (relevant) and perhaps more engaging for students, as well as helping students to tap into organizational schemas.. Both inquiry and content items could be included in the cluster of items – without having to double code items - if a context is provided as the prompt for the group of 4 to 6 items. A caution about double coding is that sometimes items require both inquiry and content knowledge and sometimes they do not. Double coding is a good strategy when both content knowledge and inquiry skills are required to successfully and completely answer a question. The test design could state a percent of items that require both content knowledge and inquiry skills (for double coding purposes) and a percent of items that are “pure inquiry” (no double coding, since they assess inquiry knowledge or skills only).  The “pure inquiry” items are items that can assess skills (e.g., observation, organizing data) and knowledge (e.g., experimental design) without students having deep knowledge of the science content. (For example, a student might be able to successfully create the graph that represents the data collected without having to interpret what the data mean in terms of the science content/concepts.)

Here are 2 quick examples that illustrate when you might/might not double code items for science content and science inquiry:

· Example #1 (could double code for both content and inquiry): If you ask students to classify objects (an inquiry skill) by their physical properties (content), the correct solution requires the skill of making observations in order to classify and content knowledge of what physical properties are. If this is a multiple-choice item, the score point could be attributed to both reporting categories of inquiry and science content if decisions need to be made about both content and inquiry for successful completion. If this is a short-answer item (2-point item), open response item (3 or 4 points), or extended task (e.g., 6 points), score points could be split between science content and inquiry for the same item/task. It is likely that an open response item will make the thinking more transparent and be easier to determine whether the student is demonstrating both science content and science inquiry knowledge

· Example #2 (would not double code for content and inquiry): Asking students to make or identify accurate observations, organize data in some way, or generate or identify a question which can be answered by investigation do not usually require deep content knowledge. Items that ask students to explain why variables should be controlled or to identify flaws in experimental designs assess deeper inquiry knowledge, but not necessarily content knowledge.

	Table 1: Applying Webb’s Depth of Knowledge Levels to Porter’s Cognitive Demand Categories for Science (K. Hess, 2006)

	Porter 

Webb
	Memorize
	Perform Procedures
	Communicate Understanding
	Analyze Information
	Apply Concepts/ Make Connections

	Webb’s DOK Level 1

Recall & Reproduction
	Recite basic facts
	Use appropriate tools 
	
	
	

	
	Recall terms and definitions
	Make measurements
	
	
	

	
	Recall formulas
	Do computations
	
	
	

	
	
	Execute simple procedures (e.g., follow “recipe”)
	
	
	

	Webb’s DOK Level 2

Basic Skills & Concepts
	
	Collect and record data
	Explain concepts (relationships, examples/non-examples)
	Classify and compare data
	

	
	
	Make observations


	Observe and explain teacher or student demonstrations
	Identify information/evidence to be collected
	

	
	
	Organize and display data (e.g., charts, tables, graphs)
	Organize and display data (e.g., charts, tables, graphs)
	
	

	
	
	Generate questions from observations, make predictions
	Present information - explain or summarize concept or results
	
	

	Webb’s DOK Level 3

Strategic Thinking
	
	Conduct a designed experiment
	Present information - explain a principle; use evidence to justify
	Draw conclusions using data
	Build or revise theory/plan, given new information or data

	
	
	
	
	Reason deductively or inductively
	Design experiment

	
	
	Test effects of different variables
	
	Analyze data, recognize patterns
	Generate a research question and design an investigation to answer it

	
	
	
	
	Identify & explain faulty arguments/data misrepresentations
	

	Webb’s DOK Level 4

Extended Thinking
	
	Design and conduct an experiment
	Presentation of information (relate ideas among content areas, or to real world, or from multiple sources)
	Synthesize information from multiple sources to explain principles
	Apply and adapt information to real-world situation

	
	
	Test effects of different variables (applied to new situations, for example)
	
	
	Apply ideas outside of science context

	
	
	
	
	
	Synthesize content from several resources

	
	
	
	
	
	Integrate concepts


	Table 2: Potential Inquiry Constructs for Assessment (Karin Hess, Center for Assessment)

	Memorize – Few appropriate inquiry tasks
	Perform Procedures
	Communicate Understanding
	Analyze Information
	Apply Concepts/ Make Connections

	[DOK 1] Define a term – What is a variable? What is a control?
	[DOK1] Use appropriate tools for a specific task  - requires hands-on assessment task
	[DOK1] Identify appropriate tools for a specific task – Which tool would you use to measure the wind speed? Or to look more closely to see tiny details?
	[DOK2] Classify or compare data – Do the data from the 2 trials support the same conclusion? 
	[DOK3] Evaluate an experimental design– Explain which experiment/procedure will test this prediction/answer this question.

	
	[DOK1] Make measurements- How far did the car travel? Or How much water went through the filter?
	[DOK1] Identify or [DOK2] Explain measurements – What unit should be used? Why should this be measured in seconds and not in minutes?
	[DOK2] Explain what information/evidence is to be collected to answer a question or test a prediction – Explain what you’ll measure/data to collect?
	[DOK3] Design experiment for a answering a question or testing a prediction – Design an experiment/procedure to test this prediction/answer this question.

	
	[DOK1] Follow simple procedures - requires hands-on assessment task
	[DOK2] Explain procedures – why should you keep the amount of water the same each time? 
	[DOK3] Draw conclusions from data – What conclusions can be drawn from these data? Analyze results to see which prediction was  supported by data collected.
	[DOK 3] Revise a design, given new information/data

	
	[DOK1] Retrieve data to answer a question – In which trial did the car travel the farthest?
	[DOK 2] Retrieve and/use data – Use the data to find the average speed
	[DOK3] Identify variables – identify and explain which variables are being/should be controlled in this investigation?
	

	
	[DOK2] Make observations - from pictures (before-after doing something to materials) or identify physical properties of materials 
	[DOK2] Summarize observations - from pictures (before-after doing something to materials) or identify physical properties of materials
	[DOK3] Analyze data, recognize patterns in data - What pattern do the data show?
	

	
	[DOK2] Make observations - from a demonstration – A teacher heated a pan of water and this is what happened next. 
	[DOK2] Organize and display data in charts or tables – Which graph shows what happened (using data from a table)? Which graph best represents the data?
	[DOK3] Identify & explain faulty experimental design or misrepresentations of data – How should these procedures be changed to get more accurate results?
	

	
	[DOK 3] Conduct a designed investigation (using procedures provided)
	DOK2] Use observations to make a prediction or an hypothesis– Predict what might happen next (given a series of 2 or 3 pictures labeled Day 1, Day 2, etc. ?
	
	

	
	[DOK 4] Design & conduct an investigation; test effects of variables in new contexts
	[DOK3] Generate a research question to be answered with an investigation – Which question could you answer using this design or set-up?
	
	


Essential Questions for Assessing Inquiry
· What does it mean to know and do inquiry? 

· What constitutes evidence of knowing and doing inquiry? (Constructs + DOK)

· How can evidence be elicited from students?

· What valid inferences can we make from the evidence? (The task(s) link a set of items with a BIG IDEA/content knowledge through application of scientific inquiry.)

	Tri-State Schema for Assessing Scientific Inquiry (with DOK levels for constructs)

	Broad Areas of Inquiry to be Assessed
	Formulating Questions &

Hypothesizing
	Planning and Critiquing of Investigations
	Conducting Investigations


	Developing and Evaluating

Explanations 

	Constructs for each Broad Area of Inquiry

(including intended DOK Ceiling Levels, based on Webb Depth of Knowledge Levels for Science)

Inquiry Constructs answer the question: What is it about the broad area of Inquiry that we want students to know and be able to do?

	1. Analyze information from observations, research, or experimental data for the purpose of formulating a question, hypothesis, or prediction:
(DOK 3)
1a. Appropriate for answering with scientific investigation 

1b. For answering using scientific knowledge

2. Construct coherent argument in support of a question, hypothesis, prediction

(DOK 2 or 3 depending on complexity of argument)

3. Make and describe observations in order to ask questions, hypothesize, make predictions related to topic

(DOK 2)
	4. Identify information/evidence that needs to be collected in order to answer the question, hypothesis, prediction

(DOK 2 – routine; DOK 3 non-routine/ more than one dependant variable)

5. Develop an organized and logical approach to investigating the question, including controlling variables
(DOK 2 – routine; DOK 3 non-routine)

6. Provide reasoning for appropriateness of materials, tools, procedures, and scale used in the investigation
(DOK 2)


	7. Follow procedures for collecting and recording qualitative or quantitative data, using equipment or measurement devices accurately

(DOK 1 – use tools; routine procedure;

DOK 2 – follow multi-step procedures; make observations)
8. Use accepted methods for organizing, representing, and manipulating data
(DOK 2 – compare data; display data)

9. Collect sufficient data to study question, hypothesis, or relationships
(DOK 2 – part of following procedures)

10. Summarize results based on data

(DOK 2)
	11. Analyze data, including determining if data are relevant, artifact, irrelevant, or anomalous 

(DOK 2 – specify relationships between facts; ordering, classifying data)
12. Use evidence to support and justify interpretations and conclusions or explain how the evidence refutes the hypothesis
(DOK 3)

13. Communicate how scientific knowledge applies to explain results, propose further investigations, or construct and analyze alternative explanations
(DOK 3)



Source: NH, RI, & VT/Tri-State Inquiry Constructs, February 2006

Samples Items/Item Clusters to Assess Inquiry Constructs
Source: Adapted from Tri-State Science Assessment Test Specifications – Grade 4 

The drawing below shows how you will set up the equipment to investigate the force needed to move the car up the ramp.  The ramp rests on a ladder rung. You will change the amount of force by changing the number of washers attached to the string. More washers on the string will make more force to pull the car up the ramp. 
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1. Which variable will have to stay the same if you are trying to find out how the amount of force changes if you move the car up a steeper ramp?

a. top of ramp

b. weight of car

c. number of washers

d. ladder rung for holding ramp

[Identify variables – Which variables are being/should be controlled in this investigations?]
2. What tool could be used to measure the weight of the washers?

a. centimeter ruler

b. hand lens

c. balance scale

d. thermometer

[Identify appropriate tools for a specific task ]

3. Which question would you test using this equipment set up?
a. How far will the car go down the ramp?

b. How tall is the ladder?

c. How much force will move the car up a steeper ramp?

d. Is the ramp too steep?

[Generate a research question to be answered with an investigation – Which question could you test using these materials?]

Source: Adapted from Tri-State Science Assessment Test Specifications – Grade 8 

In this experiment, you were instructed to heat a sample of soil and a sample of water with heat lamps and then measure the temperature of each sample once a minute, for eight minutes. 

Suppose that the experiment yielded the results shown in the table below.

	Time (min)
	0
	1
	2
	3
	4
	5
	6
	7
	8

	Soil Temp ((C)
	20
	21
	22.5
	24
	26
	27.5
	29.5
	30.5
	32

	Water Temp ((C)
	20
	21.5
	23
	23.5
	24
	25.5
	26
	27.5
	28.5


1. Analyze the results to determine which prediction is supported by the data collected.

a. The temperature of the soil and the temperature of the water would rise at the same average rate.
b. The temperature of the soil would not rise at all in this time.
c, The temperature of the soil would rise at a faster average rate than the rate that the temperature of the water would rise.
d. The temperature of the water would rise at a faster average rate than the average rate that the temperature of the soil would rise.
[DOK 3 Analyze data, recognize patterns in data]

[DOK 1 Calculate/use data – Use the data to find the average rate – routine operation]

Source: MCAS – High School Unit: Mechanics/Title:  Evaluation 
Directions: Answer questions based on the information provided below.

To study the relationship between energy and work, a student rolled a steel ball down an incline into an empty milk carton, as seen in Figure 1 below.



The student recorded the distance the milk carton traveled upon impact from the ball and the height of the ramp, as found in Table 1. 


	Height of ramp

(cm)
	average

distance

(cm)

	10
	3

	20


	10

	30
	16

	40


	19

	50
	20


1. Which graph best represents this data?

(a)


(b)


(c)


(d)





[DOK 2 Organize and display data; compare data  – Which graph shows what happened (using data from a table)?]
dist





height





dist





height





dist





dist





h


e


i


g


h


t





h


e


i


g


h


t








Table 1





Figure 1














2          Karin Hess, Center for Assessment                  CCSSO 2006          working draft

www.nciea.org

