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     The Use of Open-ended Questions to Provoke Conceptual Development 

The Problem 

I enjoyed your inquiry in written form.  You included clear methodology and had some 

interesting findings.  Grade:  A 

According to Nathan Bond, “ teachers seldom write down their questions while planning; 

in instead they generate them extemporaneously during the lesson. This approach can 

lead to vague questions that do not engage students in high-quality thinking” (pg. 42). 

Cooney et al agree with this view when they write, “ Many of the questions we 

traditionally ask students call for single a number, figure, or mathematical object. For 

example, asking what the prime numbers between 10 and 20, are requires students to 

identify specific numbers. Similarly, asking students which triangles in a set of triangles 

are congruent requires them to identify specific objects. These kinds of questions are 

closed-ended because the expected answers are predetermined and specific. In contrast, 

open-ended questions allow a variety of correct responses and elicit a different kind of 

student thinking.” Based on the result of teacher observations, the instructional leaders at 

Pacific High School (PHS) indentified the fact that the majority of the questions asked by 

teachers are aimed at the recall of information or closed-ended. The following are several 

examples of questions being asked by mathematics teachers at PHS: 

• Do we have a maximum or minimum? 

• What is the y-intercept? How did you find it? 

• What is the last thing I should do? 

• What is the formula for the axis of symmetry and what does that equal? 

• What is the b and a? Once we calculate what do we get? 

• What do we find next? 

• How do we set up the vertex? 
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The questions are grade level appropriate and adequate for promoting student learning, 

yet they do not elicit a higher order thinking among students. It was determined that in 

order to continue closing the student achievement gap one of the main focus of the school 

should be using higher level questioning strategies. This action research project is the 

first attempt at improving questioning strategies within the mathematics department 

through the use of open-ended questions in order to provoke conceptual development in 

our students.  

The Reason for the inquiry 

The goal of this action research project is to promote mathematics teachers at PHS to use 

the guidelines established by Manouchehri and Lapp in their article “Unveiling Student 

understanding: The tole of questioning in instruction”; for developing open-ended 

questions, and to understand the value and role of open-ended questions in daily 

instruction. Manouchehri and Lapp argue that, “Teachers should include questions that 

are directed toward evaluating students’ thinking. The teacher’s questions must give 

learners an opportunity to communicate their reasoning processes. These type of 

questions allow the teachers to gather detailed data on how students think and what they 

actually learn from instruction.” Furthermore, they define closed and open-ended 

questions as, “ Closed-ended questions usually are stated to solicit dichotomous right or 

wrong or true or false answers. In contrast, questions posed in open form are aimed at 

promoting a description of a certain type of solution method or strategy or process that 

enables the students to find some answer” (pg. 565).  

 

Action Research Data Collection 
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During a five-day period, two PHS mathematics teachers implemented open-ended 

questions as their opening activity. The open-ended questions addressed quadratic 

equations, a previously taught and assessed concept. Both teachers provided 5 minutes to 

theirs students to produce a written response in a 3x5 card, followed by a class 

discussion. During the following day each teacher would provide their respective class 

with feedback of the previous day question highlighting the correct ideas and 

misconceptions displayed by the class. All student responses were collected before each 

class discussion and were examined in detail. In addition, each episode was recorded in 

both classes to examine and compare each class discussions. Furthermore, each teacher 

maintained a journal for the duration of the project to reflect after each class discussion. 

Both classes are composed of 10th and 11th grade students in an Algebra 2 class. Four of 

the open-ended questions used in the action research project were created by Gozde et al, 

these questions were previously used in a research examining 10th grade students’ 

procedures for solving quadratic equations with one unknown. Gozde et all conducted a 

study consisting of 113 students in four 10th grade classes. The study was performed in a 

high school in Antalya, Turkey during the Spring term of 2009-2010. Cooney et al 

created the remaining question and the scoring rubric used in the action research project.  

 

Artifact I: Student Samples 

The Appendix I (Responses to the open-ended questions) contains each of the open-

ended questions along with student sample responses. Question one was the first to gain 

the attention of both teachers. At the beginning of the action research project both 

teachers were hesitant to recognize the benefits of open-ended questions as part of their 
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daily instruction.  Both teachers felt that their classes would perform more than adequate 

on question one since they felt that they had covered the concept intensely. After 

examining the student responses both teachers were shocked that the majority of the 

student performed poorly on it. Only five students out of a total of 38 correctly answered 

question one. The results of question one gained the attention of both teachers and they 

began to understand the value of open-ended questions. All of the remaining questions 

continued to demonstrate a similar pattern. Both teachers continued to be surprised by the 

conceptual misconceptions displayed by their students. Overall the student samples 

reveled that most students knew how to solve quadratic equations by applying learned 

steps, but the majority lacked conceptual understanding of solving quadratic equations 

and what the solution meant.  The results promoted the teachers to review and re-teach 

some of the concepts in order to correct the student misconceptions. It was apparent that 

both teachers seemed to truly believe that their students had a higher understanding of 

quadratics than what the student written responses revealed. The student work samples 

validated the findings of Gozde et all, they concluded that, “students knew some rules (or 

procedures) related to solving quadratics. However, they tried to apply these rules 

thinking about neither why they did so, nor whether if what they were doing was 

mathematically correct. Theses results give some clues about students’ instrumental 

misunderstanding of solving quadratic equations with one unknown. Collectively, all 

these results reveal that students attempted to solve the quadratic equations as quickly as 

possible without paying much attention to their structures and conceptual meaning” (pg. 

7).  
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The scoring rubric (appendix II: Algebra 2 open-ended questions) was not effective in 

analyzing student work. It was difficult to score student responses since the level of 

student responses depended on their true knowledge of quadratic equations. Furthermore, 

the scoring rubric did not help in measuring the goal of the project of measuring the 

effect of open-ended questions to guide conceptual understanding. For future practices a 

rubric that categorizes the type of student errors or misconceptions would be more 

effective. For example, a scoring rubric that categorizes the type of student mistakes from 

procedural to conceptual mistakes. This is an area of future study and it would be 

beneficial in the improvement of the action research project.  

 

Artifact II: Video recordings 

The video recording proved to be less effective than the student written responses.  In 

particular, the level of class discussions depended on the knowledge of each student on 

the specific question at hand. Students were less open to share their true thoughts and 

knowledge about each question compared to the written responses. The actual recording 

of each discussion could have affected the overall quality of each class discussion since 

students might have feared of appearing unknowledgeable in video. Question five was 

the one that generated richer class discussions in both classes. It could have been a result 

of the previous class discussions where students were getting more comfortable with the 

discussions or that it was similar to previous questions and their knowledge of the 

concept was heightened from previous discussions.  

 

Artifact III: Teacher Reflections 

John & Lorelei Cod…, 11/29/12 10:27 PM

John & Lorelei Cod…, 11/29/12 10:27 PM

John & Lorelei Cod…, 11/29/12 10:29 PM

Comment: This is a good recommendation 
for the next inquiry.  Sometimes the rubric 
does not capture what we hope as teachers. 

Comment: Yes! 

Comment: Actually, the video can be 
helpful to show just this – what questions 
generate the most rich classroom 
discussions?  This could be analyzed using a 
coding scheme to measure the depth of 
response – in the research this is call 
“cognitive demand.”  I would not get rid of 
the video; it actually was useful I wonder 
if the teachers really listened to their 
students’ responses and what type of 
probing questions they asked students if 
they noticed a misconception? 



  6 

At the end of the action research project, both teachers recognized the value of open-

ended questions and considered them a tool in guiding and provoking conceptual 

understanding in their students. The following are recurring statements that Mr. 

Rodriguez wrote in his journal, “I believe that open-ended questions allows students to 

use a variety of thinking and reasoning skills. Indeed, it allows teachers to identify the 

“gaps” in our students’ knowledge and understanding of the content. In my opinion, the 

biggest challenge for teachers is not in using open-ended questions, but in creating them, 

along with grading the student responses.” The second teacher, Mr. Rocha had similar 

reflection statements. Mr. Rocha summarized his involvement in the action research 

project as follows, “ As a student, I recall having a proffesor who constantly gave us 

open-ended math questions followed by a class discussion. I still remember many of the 

concepts and topics we discussed in class. I truly believe that, open-ended questions 

provide educators with a window into the minds of students reasoning skills. One can 

actually judge whether students understands a concept or can just reproduce a process of 

mathematical steps by memory. One of the challenges for teachers is the time it takes to 

cover a standard. We currently teach too many standards, and including open-ended 

questions as a daily practice can slow down the pace in which we can cover standards. 

Another challenge is finding an abundance of god open-ended questions, I feel that we as 

teachers sometimes do not have the knowledge or vision in creating effective questions.”  

Implications for Educational Practice 

The first step in incorporating open-ended questions to provoke conceptual development 

and understanding at PHS, is informing and presenting supporting evidence to school 
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administrators and teachers on the benefits of open-ended questions. School 

administrators and teachers must recognize and accept the claims made by 

 Manouchehri and Lapp. They state that, “ an integral aspect of effective instructional 

planning is determining the questions to pose in class. Asking good questions is a 

sophisticated skill that needs practice and thoughtful planning, as well as reflection on 

and analysis of the mathematical and pedagogical goals of lessons. Furthermore that, the 

depths of student misunderstandings or the nature of their misconceptions became 

obvious only when they are asked to explain their thinking” (pg. 564). 

 

Next Steps 

In order to make this action research project a success at PHS the following steps must be 

accomplished. First, teachers must be provided with professional development on 

designing effective open-ended questions considering the form (open/closed), content, 

and purpose of questions. Second, provide teachers with time to create effective open-

ended questions during department meetings. Third, record class reactions to open-ended 

questions and present them to the department/school in order to monitor and track the 

progress or lack there of. Finally, a question back should be created for teachers to add 

and take open-ended questions.  
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