Creating Student-Centered,
Problem-Based Classrooms
(From Edna Gentry – ASPIRE, University of Alabama)

Student-centered, problem-based learning, also known as inquiry-based learning, is a new phrase used to describe an age-old teaching technique. For years teachers have realized that students do not learn at their highest potential when they are in a classroom where the teacher stands at the front of the room and “imparts knowledge”. Students want to get their feet wet and get their hands dirty. They learn by doing, and they learn it even better when they discover it themselves.

Teachers have known that this hands-on technique works best. So why aren’t we using it in our classrooms more? The answer is fourfold: 

a) Administrators have not understood the implications of using student-centered, problem-based learning. In the past, when they entered a classroom they wanted to see the students quietly working on an assignment or the teacher teaching; 

b) Parents have not understood the implications of using student-centered, problem-based learning. When their student comes home and tells them about “what they did in school today”, parents become concerned that they are not using their time productively; 

c) Teachers did not know how much difference this would make in their teaching and the students’ learning. Some teachers were not willing to take the extra time required to have a successful student-centered, problem-based learning environment. 

d) Students were passive and satisfied with the traditional, at the same time questioning why they had to learn the topic at hand. 

What is a student-centered, problem-based classroom? 
All of us have a stake in creating a learning environment for students that will enrich their learning experiences, make them enthusiastic learners, and motivate them to pursue excellence in scholastic achievement. It is not only the teachers’ responsibility to change the way students gain knowledge. But teachers do have a huge responsibility because they are the first point of contact with their students and have a tremendous influence over the way they learn. 

The learning environment of an inquiry-based classroom should promote not only gaining baseline knowledge but also creating their own knowledge. This can only be accomplished if students become stakeholders in their own learning and the learning process. They must gain the ability to process knowledge rather than only finding or memorizing information. The must be able to make decisions based upon their findings. They must become proficient in problem solving. These skills can be acquired through a project-based learning environment. This type of learning implies that students will develop inquiry skills and attitudes or habits of mind that enable them to continue the quest for knowledge throughout their life. 

The most important outcome in a classroom should be the ability to continue learning and applying skills for learning. Subject matter or course content is important, but why? It is not an end in itself; it is a means whereby students can expand their knowledge and understanding of the things around them. It is better for them to be able to apply knowledge to a new situation than to know the answers to “old” questions. We want students to be content literate, but also have a sense of enthusiasm about learning and about using new learning techniques. We also want to help teachers create a classroom environment that is non-threatening, encourages peer review, and allows students to grow more knowledgeable. We want them to have a strong desire to learn because of their experiences in the classroom. 

How does project-based learning differ from a traditional classroom environment? 
In a traditional classroom students are encouraged to listen and learn instead of asking questions, but inquiry is the way we learn! 

Memorizing facts and information isn’t the way to learn but it is prevalent in a traditional classroom. Facts change and information can be found if research techniques are learned. It is more important to know how to process information than to know the actual facts. 

The style of the classroom also changes in an inquiry-based classroom. No longer is the classroom environment governed by short isolated lessons, but is ruled by interconnected lessons that help students develop skills necessary for inquiry, then allow them to utilize those skills in problem solving. Inquiry-based learning can be integrated into classes from all subjects. 

	Traditional Classroom
	Project-based Classroom

	Regarding the Curriculum 

	Fixed curriculum 
	Long-term, interdisciplinary, student-centered projects on real world issues of interest to the student team 

	Broad area of instruction 
	Has depth of investigation and research 

	Rote memorization of facts 
	Understand processes, encourages critical thinking skills and discovery 

	Regarding the Classroom 

	Teaching for the Industrial Age where the classroom reflects this through rows of seats neatly placed 
	Teaching for the Technology Age where the classroom has flexible seating, students collaborating in teams 

	Attempt to keep everyone together, learning at the same pace 
	Customized instruction, many different levels and topics 

	Individual efforts to accomplish a goal 
	Encourages working in heterogeneous teams to accomplish the goal 

	Regarding the Teacher 

	Teacher as the lecturer and director of instruction, the “expert” 
	Teacher as facilitator and resource person. 

	Regarding the Student 

	Dependent upon the teacher, carrying out instructions 
	Take responsibility for self, define their own tasks and work as a member of a team for large blocks of time with a goal, with the teacher as a guide 

	Goal is to perform well on standardized tests 
	Goal is to become a life-long learner 

	Regarding the Use of Technology 

	Reward for finishing a task or a punishment for not mastering a concept 
	Integrated tool used in all aspects of the classroom, such as problem solving, communication, analyzing results, and information gathering. 


Inquiry-based learning activities 
Inquiry-based learning shifts from short, isolated, teacher lessons to learning activities that: 

• Are long-term - such as a project that continues through the term. 

• Are interdisciplinary - involving all areas of educational development for the student. For example, studying the scientific phenomena, writing the mathematical model, analysis of the results, writing a technical description of the project development process. 

• Are student-centered – Students become responsible for the completion of their own work, encouraging their fellow team members to stay on task. 

• Are integrated with real world issues and practices – Students develop projects about real world phenomena 

Inquiry based activities: 

• Improve education for all students – Students have a different attitude about their learning process. They no longer feel the need to ask “When are we ever going to use this?” 

• Transform teaching – The role of the teacher changes from instructor to facilitator. 

• Provide opportunities for students to pursue their own interest 

• Allow students to make decisions – Given the requirements of the development of a computational science project, students are able to decide upon a topic, decide upon a team and the role of each team member, and are able to manage the project development phase with the assistance and supervision of the teacher 

• Facilitate student integration of content 

• Teach students to use their minds, apply what they learn, be technologically literate, have skills and self-confidence 

Teacher activities 
In an inquiry based classroom, teachers: 

• Become the coach, a facilitator in the background. The teacher teaches the class the content that everyone needs to learn, then supervises the project development phase and continues to teach on a need to know basis. 

• Learn with the students. 

• Show students that they should expect bumps, mistakes -- wrong turns. When students encounter wrong turns or wrong answers, they are encouraged to try again and try to understand why they came to the incorrect answer. 

• Help teams develop 

• Encourage mentoring on the part of teacher/teacher, teacher/student, and student/student. 

In an inquiry based classroom, teachers experience: 

• More coaching and modeling, less telling. 

• Finding out with their students - less knowing for certain; less being the expert. 

• More cross-disciplinary thinking, less specialization. 

• More teamwork, less privacy and isolation. 

• More multi-dimensional assessment, less paper and pencil testing. 

• More performance-based assessment, less knowledge-based assessment. 

• More varied materials and media. 

Student Responses 
In an inquiry-based classroom, students move 

• From following orders to carrying out self-directed learning activities. 

• From memorizing and repeating to discovering, integrating, and presenting. 

• From listening and reacting to communicating and taking responsibility 

• From knowledge of facts, terms, and content to understanding processes. 

• From theory to application of theory. 

• From teacher dependent to empowered. 

• From learning in youth to lifelong learning. 

Assessment in a project-based classroom 
In an inquiry-based classroom, assessment 

• Moves from repeating information to measuring understanding. 

• Presentations to others, includes peer review by classmates. 

• Includes portfolios, journals, and daily work. 

• Measures a student’s ability to work as a member of a team. 

• Is often accomplished through the use of rubrics. 

• Measures completion of short term as well as long term goals. 

• Includes self-assessment. 

• Does not always measure a right or wrong answer but the student’s ability to solve a problem. 

• Takes into account individual learning styles. 

• May take into account different student backgrounds. 

Classroom Environment in a Project-Based Classroom 
Prompt: 

Begin with a prompt by the teacher about the topic of discussion, the attention-getter. The teacher throws out bait in the form of a topic for discussion. 

Brainstorm: 

Students brainstorm about ideas to discuss and extensions to the prompt. 

Discovery: 

Teams of students investigate the phenomena discussed, perhaps several parts of it. They may even pose a scientific research question and a method of solving it. 

Communication: 

Teams return to the group with their findings. 

A computational science class goes one step further – student initiation. 

A project based classroom is SMART! 
• Students being successful 

• Motivation – intrinsic and powerful 

• Autonomy – independent learning 

• Reflective – thinking centered classroom 

• Teachers – teaching with technology 

Teacher Role and Benefits in a Project-based classroom:
Teachers have a very unique role in the project-based classroom, they are no longer the expert, the all-knowing, but they are the channel through which the students acquire the skills for learning. 

A project-based classroom environment allows the teacher to become involved in student learning, not as a supplier of knowledge but as a prod for students to gain that knowledge on his or her own. And, on a personal basis, it helps us get out of our rut, helps us to enjoy teaching again.  Teachers can make a huge difference in the intellectual maturity of their students. This is an age where classrooms are equipped with bigger and better equipment, technology opportunities that did not exist only a few years ago, and software that is touted to make our job easier, but without the experience to use the available equipment and technology by the teacher. We must learn that technology is only a tool enabling teachers and students to become more proficient in knowledge acquisition. Project-based learning is a means of accomplishing this goal. 

This is not an easy task for teachers, and not an undertaking for the faint of heart, but it is an exciting opportunity.  It is not only teachers who have the responsibility to change the way students gain knowledge. But teachers do have a huge responsibility because they are the first point of contact with their students and have a tremendous influence over the way they learn. 

All of us have a stake in creating a learning environment for students that will enrich their learning experiences, make them enthusiastic learners, and motivate them to pursue excellence in scholastic achievement. 

Teacher Benefits 
Rewarding Professional Experience 

Teachers have said that a project-based classroom changes their attitude about teaching and is professionally rewarding in several ways: 

• Students are more motivated and enthusiastic about learning. 

• Teachers often experience revitalization about teaching and a renewed interest in expanding their own knowledge through additional studies, either on their own or by taking additional classes. 

• Teachers acquire new professional skills in technology. 

• Teachers gain professional support from their administration, their peers, and the academic community. 

• Teachers gain software, technical and technology skills that enable them to expand their content area. Teachers also learn mathematical modeling, a national standard focus. 

• Teachers learn effective and rewarding teaching techniques. 

• Teachers work collaboratively with other teachers to develop interdisciplinary problems or projects, often distant collaborations. 

• Teachers employ a variety of assessment methods. 

• Teachers learn to manage a class where student teams are working independently and at a different pace. 

• Teachers lead students to take more responsibility by guiding rather than directing.

Student Benefits 
As students become more accustomed to learning in a problem-based environment they gain a level of intellectual maturity not readily seen in a traditional classroom. 

Through involvement in a problem-based classroom environment students gain: 

• Self Confidence – Students gain self-confidence by resolving a problem through a self-directed study of the problem and its solution. 

• Desire to Achieve – Students begin to realize the connections between academic study and the world around them. They discover they have more potential to achieve than the realized. They become enthusiastic about the content and the solution of their problem. Students begin to answer their own “When am I ever going to use this?” questions. 

• Analytical Skills – Students develop analytical skills such as critical thinking skills, problem defining and problem solving skills. They begin to analyze real-world problems and think of questions on their own that need to be answered. They begin to think critically about a problem and its possible solutions. These critical thinking skills are necessary to be a productive lifelong learner and contributor to society. Students develop skills to solve problems that they would normally consider too hard for a traditional classroom. These skills may include research techniques, data analysis, working as a member of a team, graphing, technical writing, presenting to their peers, and peer review. All of these skills may necessary for future career opportunities. 

• Teamwork abilities - Students learn set short-term and long-term goals, how to set deadlines and meet them, how to make work assignments, and organizational skills. Through working in a team students learn to be responsible to others. 

Ability to Use Technology to Solve Problems 
Students learn to use available and emerging technology that will benefit them in their professional choices. They develop more than just technical skills, they learn: 

• To use computers to solve realistic problems. This ability is very powerful for students because it uncovers potential that they may not have realized they possess. 

• Valuable research skills. In Alabama, students learn to use the Alabama Virtual Library in addition to other important research tools that can be found online. 

• To use appropriate problem solving software, such as modeling and graphing software. 

• Communication skills that will enable them to present their work to their peers. 
How do I ensure that students are on task? 
The atmosphere in a project-based classroom differs from that in a traditional classroom. No longer are students sitting passively in rows – all working at the same pace and level and doing exactly the same assignment. In the project-based classroom some students will be working on research, others discussing strategy for solving their problem, still others working with modeling, or analysis. Although major benchmarks with established deadlines will be set, students will be in various stages throughout the problem solving process. 

This is often a transition that presents challenges to the teacher, especially if he/she has only taught in a traditional classroom setting. It may even seem that the class is “out of control”. These challenges can quickly lead to frustration on the part of the teacher if not solved. Teachers must realize this is the nature of the project-based classroom and the real concern is not order but ensuring that students are on task. This can be accomplished by the teacher always being aware of what the students are doing. Some suggestions: 

1) The teacher should require each team to maintain a journal (electronic journals are easy for both student and teacher to access). By examining the journals, the teacher will know where the students are in their problem solving process and be better able to guide them to the next step. Strategic questioning makes the student think and make the necessary decisions to move forward. 

2) The teacher should be an ex-officio member of each team, working closely with the team; 

3) Teams should set an agenda for themselves, identifying activities that must be carried out by each team member. The agenda should be detailed in the team journal and submitted to the teacher; 

4) Teams should regularly recap the latest activities, noting items accomplished and items that still need to be done. The recap should be maintained in the team journal and submitted to the teacher; 

5) During regular workdays, the teacher should monitor the various projects by actively moving about the room, randomly inquiring project progress from each team. 
6) The teacher and team members should realize that it is possible for a team 
to work the entire class period without completing a task. The team members should not continue to be “stumped” without alerting the teacher and asking for help. 

Questioning Strategies In an Inquiry-Based Classroom
	The art of teaching is based on effective questioning strategies. Asking good questions is an informative process that needs development, refinement, and practice. Teaching through questioning is interactive and engages students by providing them with opportunities to share their thinking. The classroom should be a community of collaborative learners whose voices and ideas are valued. 
In order to obtain more information from students during classroom discourse, we need to develop an open-ended questioning technique and use a more inquiring form of response, encouraging students to defend or explain both correct and incorrect responses. Here is an example of closed and open questioning for the same situation:

Closed - What unit should be used to measure this room? (limiting) 
Open - How could we measure the length of this room? What choices of units do we have? Why would some units seem more appropriate than others? (probing -encourages students to think about several related ideas)

Good questioning involves responding to students in a manner that helps them think and lets you see what they are thinking. Response techniques involve:

· Waiting. Time is a critical component. An immediate judgment of a response stops any further pondering or reflection on the part of the students. 

· Requesting a rationale for answers and or solutions. Students will ultimately accept this procedure as an expected norm. 

· Eliciting alternative ideas and approaches. 

According to NCTM’s Professional Standards, the teacher of mathematics should orchestrate discourse by -

· posing questions and tasks that elicit, engage, and challenge each student’s thinking; 

· asking students to justify their ideas orally and in writing. 

The Professional Standards propose five categories of questions that teachers should ask:

· Category 1 questions focus on helping students work together to make sense of mathematics. 
· "Do you agree? Disagree?"
"Does anyone have the same answer but a different way to explain it?" 

· Category 2 contains questions that help students rely more on themselves to determine whether something is mathematically correct. 
· "Does that make sense?"
"What model shows that?" 

· Category 3 questions seek to help students learn to reason mathematically. 
· "Does that always work?"
"How could we prove that?" 

· Category 4 questions focus on helping students learn to conjecture, invent, and solve problems. 
· "What would happen if...?"
"What would happen if not…?"
"What pattern do you see?" 

· Category 5 questions relate to helping students connect mathematics, its ideas, and its applications. 
· "Have we solved a problem that is similar to this one?"
"How does this relate to ...?" 

Through modeling of investigative questioning, the teacher should help students learn to conjecture, invent, and solve problems.


What Is a Good Question?

A major aspect of effective teaching is the creation of assessment opportunities. Classroom questioning, both written and oral, offers the mathematics teacher a wealth of assessment information. 

Classroom questioning is one of the most fundamental teaching skills. Some questions are simply better than others in revealing the level of student understanding. Through the questioning process, teachers and students establish a dialogue from which the teacher can draw very specific conclusions regarding the relative competence of individuals in the classroom. 

A "good question" possesses three features: 

1. It requires more than recall of a fact or reproduction of a skill. 

2. It has an educative component; that is, the pupil will learn from attempting it, and the teacher will learn about the pupil from the attempt. 

3. It is, to some extent, open; that is, there may be several acceptable answers. 

Some examples: 

· What is the area of a rectangle with a perimeter of 20 cm? 

· A set of 3 test scores has a mean of 11.2. If one of the numbers is 7.6, what are the other two? 

· What number when rounded becomes 5.8? Is this the only possible answer? What is the highest possible answer? The lowest? How many possible answers are there? 

A good question also has these features: 

1. It is clear. 

2. Everyone can make a start. 

3. It makes it clear to both pupil and teacher when the pupil's learning is incomplete, or when the level of expectation is achieved. 

4. Pupils with a clear understanding will be able to solve the task. 

5. There will be potential for further investigation to challenge and expand student understanding through related questions or extensions. 

A good inquiry structure for teachers consists of eight main components which do not (and should not!) occur in a rigid sequence.

1. Beginning to develop a community of learners: 
One of the main goals of a professional development program on inquiry should be to model for participants what this approach means. Therefore, the first activities in this component help develop a "community of learners," meaning that participants will together make sense of an inquiry approach to mathematics instruction. This supportive learning environment, in which participants collaborate to learn, can be created through activities and experiences that also develop a need for knowing more about an inquiry approach to mathematics instruction. Activities that elicit participants' beliefs about school mathematics are also an important element of this component.

2. Experiencing inquiry as learners: 

Given that most in-service, and even pre-service, teachers have learned mathematics only in traditional settings, they need first to engage as learners themselves in some inquiry experiences to understand what such an approach looks like and feels like. Only then can they effectively evaluate its potential for their own teaching. To be genuine, these experiences need to challenge participants as adult learners of mathematics and reflect all the characteristics of inquiry learning experiences - which includes lasting the requisite amount of time! 

3. Reflecting on the inquiry experience: 

Although the "experience as learners" is crucial, its potential is fully realized only if follow-up activities require participants to reflect on its significance and implications. Furthermore, for the best results, these reflections need to be carefully orchestrated, with the facilitator prompting participants to attend to specific aspects of these complex experiences. 

4. Developing images of inquiry-based mathematics classes: 

The insights that participants gain through experiencing and reflecting on their own inquiry experiences need to be complemented by images of what an inquiry approach looks like in an instructional context similar to their own. Participants benefit from seeing how these experiences might be adapted for younger audiences and how students of a certain age might respond to this new kind of learning opportunity. 

5. Articulating the principles of an inquiry approach: 

Teachers need a theoretical grounding in the goals and principles informing an inquiry approach so that they can apply it more easily to new curricular topics. 

6. Scaffolding a first "experience as teacher" of an inquiry unit: 
Just as it is important for teachers to first "experience as learners" what it means to learn mathematics through inquiry, they also need to "experience as teachers" what planning and implementing inquiry experiences for their students really involves. However, this field experience must be carefully structured and supported so that participating teachers do not feel overwhelmed by the demands of making radical changes in their teaching practices. 

7. Moving towards teaching math through inquiry throughout the curriculum: 

A good program should include some activities that offer direction for teachers who are ready to pursue the use of an inquiry approach.  
8. Looking back and looking ahead: 

Teachers should be offered multiple opportunities to reflect on their experience together. These activities invite participants to evaluate and celebrate the growth that occurred, gather feedback for improving future implementations of the program, and also begin to think about how the process of instructional innovation might continue.

Assessment in a Project Based Classroom 
Traditional assessment techniques are not always appropriate in an inquiry-based classroom. In an environment where students are encouraged to articulate questions of interest to them and “take the plunge” for discovery, assessment techniques should be planned that will support this type of learning. Also, we are teaching students how to think critically and analyze findings. Assessing their ability to think critically cannot be done effectively in traditional multiple-choice or true-false assessment instruments. Instead, we want to assess whether or not they can apply what they have learned to their everyday life. 

Assessment procedures and techniques in a project-based classroom differ from traditional methods because you are measuring different activities. You want to assess how well students work in a team, whether or not they have selected and refined their project topic, if they are able to perform advanced research, if they have developed a reasonable mathematical and computational model to describe their problem if they have written their technical description correctly, and if they present their project findings effectively. These are activities that cannot be measured in traditional ways. 

Suggested assessment techniques: 

• Portfolio of completed assignments – physical documentation of student work, such as sample programs written, spreadsheet models, visualization samples, portions of the technical paper, etc. 

• Journal/Learning Log containing reflections, summaries of articles, notes, etc.; 

• Peer review – Peer Review should be a non-threatening activity. It should never make the students hesitant to present but instead should be a setting where the other students can offer suggestions and ask questions that may enhance the project; 

• Use of a scoring rubric; 

• Team self evaluations; 

• Evaluation of team members by team members – Evaluation of team members by team members could be done using a boss-employee scenario. Have each person pretend to be the boss of the team who must pay each team member, including him/herself. The boss should take a specific amount of money and divide it according to the amount of work done by the team members and justify the amount of money given to each; 

• Teacher observation and monitoring; 

• Periodic presentations as project updates – Periodic presentations as project updates could occur regularly where student teams give an update on their project. Peer reviews could be done at this time; 

• Written report sections – Written report sections could be graded. A timeline sho8uld be distributed at the beginning of the year so that students will be able to plan ahead for deadlines; 

• Skills test – teacher would give to each student (or possibly teams) instructions on a job to complete (perhaps a program to write, an excel activity, a visualization problem, a writing assignment, etc.) and a certain amount of time to complete it. This may be announced or unannounced; 

• Tests or quizzes; 

• Final technical paper; 

• Final project presentation; 

• Final project display; 

• Scoring rubrics – an effective way to score such documents as the student technical paper. 

Finally, assessment in a project-based classroom should be: 

• Flexible to meet the varying needs, levels, and backgrounds of the students 

• Fair, reasonable, and equitable 

• Forthcoming and accommodating 

• Focused on the process rather than the topic. 

