
Using Questions to Guide the Development of Inquiry:
Science Process Skills, Investigations, and Content
Background


Thinking ‘like a scientist’ and scientific investigating are not common activities. Children have innate curiosity to discover the how things work but their ability to investigate is often limited. For example, children often observe one attribute of an object when asked to make observations. As a teacher, we want to guide them to observe carefully using the skills and process of scientific inquiry, communicate about data, procedures, and explanations. In the case of making observations, children need to be encouraged to look beyond color and consider other attributes and use their senses. The way to encourage this type of thinking is to develop guiding questions.

Questions can be directed or open-ended. Directed questions imply that there is a single correct answer allowing assessment of recall and observations. These types of questions are important but to teach science as inquiry, open-ended questions are also significant to student learning. Open-ended questions encourage divergent thinking, a variety of ideas and possibilities. When we consider science as inquiry, we need to realize and model the uncertainty associated with scientific discoveries and knowledge. Uncertainty and understanding science requires open-ended thinking.  As teachers, we need to model inquiry and the tentative nature of science while creating a climate in which children feel confident to risk their own ideas when dealing with open-ended situations. It is important to acknowledge everyone’s ideas, repeat a child’s ideas, and reinforce their ideas through discussions. 

In addition to promoting a positive climate, often children provide vague, incomplete or unorganized thoughts when discussing data or explanations. Teachers need to nurture ideas presented and assist children to think more deeply about their explanations by extending or helping them to probe ideas. When a teacher responds to a child’s idea and builds on it by using it and adding to it, sh/e is extending the response. The teacher might further clarify, correct, or compare and contrast a child’s ideas; apply a child’s ideas to explanations or problems; or summarize and assess a child’s ideas through discussion. However, teachers may also probe a child’s ideas by reacting to a child’s response with a question that requires them or others to think more critically about their response. This may involve asking children to respond to theirs or others’ comments for clarification of explanations or data, verification of results or predictions, or justification of hypotheses. 
Another consideration is that you can tier a discussion by choosing the types of questions being asked of your students, such as closed ended vs. open-ended questions or probing vs. extending questions. Questioning strategies discussed and presented below require different levels of thinking, which needs to be considered when looking at ability levels of your students.
Questioning Guide
Attention Focusing Questions help children take notice of details easily overlooked. These types of questions help develop better observation skills. These could be used as part of a discrepant event or during an investigation.

“Have you seen…?”

“Do you notice…?” followed by, “What was it?” 

“What does it do?” 

“What do you see, feel, or hear…?”


“Tell us what happened…?”


“Would you describe the objects?”


“What happened in the investigation?”

Measuring and Counting Questions allow children to use new skills and new instruments. These types of questions help build a child’s confidence because children obtain an exact answer.


“How many…?”
“How long…?”
“How often…?”

Comparison Questions help children develop observation, classification, and focus skills. These types of questions also help children to observe differences in shape, size, color, etc… and recognize differences as valuable information. These questions can also guide children as they “tell what happened” (or draw conclusions) in their investigation.


“In how many ways are these seeds alike and how do they differ?”


“Is this longer, stronger, heavier…than…?”


“How is this situation like (different from) the other one?”


“Which one burned longer?”


“Do you notice any pattern between these...?”


“Which measurements do you think were highest? Lowest?


“Do you think there is a lot of variation between the measurements?”

Action Questions help children discover relationships between what they do and the reaction of the materials they are handling. These types of questions can also aid in probing children to explore the properties of unfamiliar materials while considering their decisions in terms of society or new situations. These types of questions may also help in eliciting thoughts about new knowledge from an experience.


“What might happen if…?”


“How can we use this information to explain…?”


“ What new problems does this suggest?”


“What are the alternative choices?”


“What are the ways that the choices relate to the values?”


“Who will benefit from my decisions?”


“What are the consequences/risks/benefits from the choices?”

Problem-Posing Questions build a child’s abilities to predict, problem solve, and form simple hypotheses that lead to verification.


“Can you find a way to…?”


“Can you make a sinking object float?”


“Can you make a plant grow sideways?”

Reasoning Questions call for explanations; they can build upon a child’s natural curiosity and challenge young minds to think more independently. Questions encourage to think about the cause of an event or to suggest ideas based on science concepts, laws, or rules. Children will discover that there is no one right answer to these types of questions.


“Why?”


“How?”


“What do you think is the cause of…?”


“Why do you think…?”


“What principles do you think are needed to solve this problem?”


“What do we already know that might help us?”


“Do you have any suggestions about why this happened?”


“Any suggestions about the cause of this?”


“Can you explain why this happened?”


“How would you restate it in simpler terms?”

Explanations Based on Scientific Knowledge allows children to see the relevance of facts, concepts, and principles that they are taught. When children are trying to make sense of the possible reasons for their observations or results of investigations, they often need guidance. They need to be guided to consider what they know about science knowledge or what they may need to learn to explain what they observed. Questions can help children access prior knowledge and construct explanations that may relate to a discrepant event, conclusions, problem solving situations, and explanations. 


“What principles you learned might be involved here?”


“What (rules/principles/concepts) do you think are needed to solve this problem?


“What do we already know that might help us?”


“How do you think this applies to the problem?”


“Why do you think it might have happened?”


“What ideas do you have on why this happened?”
Investigation Process Reasoning Questions remind children to think about the process or organization of the investigation as they explain what happened.


“Do you need to define or set a limit?”


“Is that conclusion reasonable?”


“How do you know you’re finished?”


“What were the variables that you tested?”


“Would a diagram or sketch help?”


“What was the purpose of the investigation?”


“Would other methods work as well?”
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