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The next several newsletters will each focus on a separate section of Characteristics of High-Quality Teaching and Learning in Science (CHQTL). This newsletter will focus on Section Two: Classroom Assessment and Reflection. More information, including a listing of these characteristics specific to science and professional development resources, can be found at http://www.education.ky.gov/KDE/Instructional+Resources/High+Quality+Teaching+and+Learning/Characteristics+of+High+Quality+Science+Teaching+and+Learning.htm.
What do we mean by “classroom assessment and reflection?”
Classroom Assessment and Reflection: The teacher and student collaboratively gather information and reflect on learning through a systematic process that informs instruction. The process of classroom assessment differs from the more traditional definition of assessment in that it is an ongoing part of the learning and not merely a ‘test’ given only after the teaching has ended.

Assessment OF Learning vs. Assessment FOR Learning
The crucial distinctions between Assessment of Learning (summative assessment) and Assessment for Learning (formative assessment) are when they occur and what is done with the information generated. Assessment of Learning happens after the material has been taught, while Assessment for Learning happens while instruction is still ongoing. In Assessment for Learning, information from assessments is used to modify the instruction students experience and to provide meaningful feedback to help them reach their learning goals.

Summative assessment is probably most familiar, since almost every member of society has been required to take some sort of test to determine knowledge, skill or competency. Final exams, licensure tests, unit tests and professional competency exams are all common types of real-world summative assessment that are given only to determine what the test taker either knows or can do. Summative assessments are the stereotypical tests almost everyone has experienced. These are typically the assessments that are used in the classroom to generate grades.

Formative assessment, on the other hand, is usually less memorable because of both the low-pressure way it is typically implemented and the relative newness of its widespread use in classroom instruction. Teachers who practice good formative assessment often do so in such a way their students do not feel ‘tested’ in the traditional manner. Good formative assessment is part of the ‘flow’ of a well-designed lesson. Both teachers and students gain information that improves the learning process. Because most formative assessment is never intended to be graded and is embedded within the lesson, students often perceive it as a ‘teaching or learning’ activity rather than a ‘testing’ activity.

This chart helps differentiate between the two types of assessment.

	Assessment FOR Learning (Formative)
	Assessment OF Learning (Summative)

	includes instructionally embedded activities
	usually not embedded into instruction

	usually teacher/locally developed
	can be teacher- or publisher-developed

	often informal—not necessarily written
	usually written or performance-based

	yields rich diagnostic information
	yields information on results rather than causes

	happens while material is being taught
	happens after instruction has taken place

	informs and focuses instructional decisions
	measures instructional success (or failure)

	is typically not used for grades
	is typically used to assign a grade 

	results in a change in instruction
	happens too late to impact instruction

	low-pressure, low-anxiety implementation
	can be high-stakes, pass/fail (finals, driving test, etc.)


How do we know what our students know?

"If I had to reduce all of educational psychology to just one principle I would say this: The most important single factor influencing learning is what the learner already knows. Ascertain this and teach him accordingly" (Ausubel, 1968, p. vi).

A favorite ‘assessment’ story is First Grade Takes a Test (Miriam Cohen, 1995). In it, a class of 1st graders is given a test to see which of them should be pulled out for the gifted program. Here is an excerpt:  

George looked at the test.  It said:

Rabbits eat

� lettuce

� dog food

� Sandwiches

He raised his hand.
“Rabbits have to eat carrots, or their teeth will get too long and stick into them,” he said.  The teacher nodded and smiled, but she put her finger to her lips.  George carefully drew in a carrot so the test people would know.

How do you think his test was evaluated? Does that accurately reflect what George knew? One of the most important tasks we have as educators is to really know and understand what our students know (or believe they know) and understand. Otherwise, we make assumptions and decisions that may not enhance or advance a student’s knowledge and understanding — and may, in fact, perpetuate a misunderstanding or incomplete conception.

There are a number of ways that student thinking and understanding can be uncovered — both formally and informally. The important thing is to intentionally plan to do this periodically throughout your units/courses — and use those findings to inform your instruction. In the January 2008 KDE Science Newsletter, the topic of Learning Targets was addressed. Once you have determined what the targets will be for a particular unit, you should use those to guide all of your assessments — both formative and summative. Teachers have developed a wide variety of formative assessment techniques to uncover what their students do (and do not) understand. Several common formative assessment strategies are described below.
Some Strategies to Uncover Student Thinking

· Open Write/Speak: Take one or two of your learning targets and turn them into simple but open questions for students to respond to. For example, if your target is “identify physical properties of an object,” you might show an object and have students independently write (or tell you) “what are the physical properties of this object?” By observing student responses, you will know if they fully understand the concept, have only a partial understanding or have no idea what you are asking. This information is crucial for deciding next instructional steps and grouping (or regrouping) students.  

· K-W-L Chart: At the beginning of a unit, present the topic/big ideas and have students share what they (think they) know/want to know, and refer back to that as they progress through the unit to correct or add to their knowledge and add new learning/understandings. This makes the collective thinking and ongoing reflection of the learning very visible to both teachers and students. Allowing students to refine and/or revise their work highlights the importance of the learning process and can provide students with a visual reminder of the accomplishments they have made throughout the unit or course.

· Hinge Questions: Dylan Wiliam, formative assessment expert, suggests that strategically timed questions that get at a critical conceptual idea — or piece of a concept — should be posed to students in order to see which students are ready to build onto that idea and which need more time to develop that crucial piece of understanding before moving on. In other words, whether and how to move forward ‘hinges’ upon the students’ level of understanding. For example, if students were learning about ‘light’ and how light interacts with objects — particularly reflection — then you may ask students, “Which of these objects REFLECT light? A light bulb, a mirror, a black t-shirt, water; how do you know?” Remind them that there may be only one correct answer or there could be as many as four correct answers. Students should record their responses using mini-whiteboards, a sheet of paper or some other all-response system. You should be able to have them all simultaneously display their answers or be able to quickly circulate the entire room and scan/evaluate all responses. Since the answer to this question is ALL of the things — anything we can see reflects some light — then you can quickly assess where incomplete conceptions still exist. By designing answer choices to help uncover some common misconceptions or partial understandings, you will have more information for your next instructional steps. Say 80 percent of students indicated only ‘a mirror’ — then you know that they have some understanding of reflection, but it is incomplete. Their explanations of how they made their decisions will reveal the level of their conceptual development.

For an extensive collection of strategies for uncovering student thinking, look for the book Science Formative Assessment: 75 Practical Strategies for Linking Assessment, Instruction, and Learning by Page Keeley (who will also be the keynote speaker for the KSTA Conference in November).

Now you have some understanding of how to uncover what your students know. What do you do with that information?  

Using the results of formative assessment to inform instruction

So you’ve started to incorporate some formative assessment techniques. You know where each individual student is with respect to your learning goals. You know who has achieved mastery and what pieces are unclear for those who haven’t. Congratulations! Now what’s left to do? As it turns out, there’s a lot.

Formative assessment is only one part of the instructional puzzle. Knowing the strengths and (particularly) the weaknesses of your students is only useful if you’re willing and prepared to do something to help all students reach your learning goals. Master teachers need to have an alternative instructional strategy available for the students whom the initial learning experience just didn’t work. Formative assessment tells the teacher which of these students needs another chance to learn the material; therefore the teacher needs a ‘Plan B’ (and maybe Plan C ...) to give them that chance.

Mike Rutherford of the Rutherford Learning Group describes using formative assessment without having a plan for re-teaching as being like a “doctor with only one pill.” As he says, “Why should the doctor bother to do any lab work or X-rays? You’re going to get the only treatment he has available regardless of the results.” Similarly, why do formative assessment unless you have an alternative teaching strategy in mind for those who need another chance?

Studies have shown that master teachers engage in re-teaching more often than their less effective counterparts. What makes them effective is their ability to re-teach in such a way that isn’t merely repetitive for those students who mastered the material in the first place. Allowing 25 students to goof off while five are getting a second chance to learn isn’t an efficient use of time for those faster-moving students. Rather, the master teacher designs a differentiated lesson that allows the five struggling learners an opportunity to learn the same concepts in a novel or different way. While this remediation is taking place, the majority of the class is engaged in a lesson about the same learning goal, but at a more sophisticated level that allows them to deepen and extend their learning.

For example, consider the topic of limiting reagents in chemistry. Suppose the majority of the class is able to successfully determine which reagent in a reaction is the limiting factor, but a handful of students need a bit more practice. How do you keep the majority on task while you work with those who need help?

A plan to consider would be to design a remedial lesson using Lego® blocks (or even colored slips of paper) to help the struggling group grasp the concept. While the teacher works with this group, the rest of the class could work on a differentiated task where they not only determine the limiting reagent but also determine the amount of excess reagents not involved in the reaction. Both activities address the same learning goal, but one allows a second chance to learn the basics while one allows students to extend their learning. 

Learning to craft differentiated lessons that allow remediation and enrichment to occur simultaneously is a demanding task, but it is one of the last and most important steps on the road to becoming a master teacher.

Intentional planning for formative assessment

When it is time to plan your units or lessons, what do you think of first? After reading over the standard, do you think about the activities you will do with the students? Or do you think about the assessments? When planning for instruction using formative techniques, you first must determine what it is that the students must know and be able to do at the end of their learning. This is called ‘backward design.’ When you begin planning you should ask yourself, “What do I want my students to get and what will it look like when they get it?” Once you know this, it also must be shared with your students. 

Learning targets should be clear and easily understood by the students. If the students do not know what they are aiming for, how will they hit the target? As the learning experiences progress, your plan for achieving the targets will change based on the information that is gained through formative assessment practices.  

Formative assessment is not something that just happens in your classroom; it must be explicitly designed and then embedded in your plans. Like many things, formative assessment is made easier by the establishment of a positive classroom climate, including the creation of routines and procedures. For example, a “No Hands Up” questioning practice can be in place from the first day. Using popsicle sticks with each student’s name, you can make sure that all students in the classroom are being called on to participate – not just those with their hands up. This kind of practice helps all students be engaged in what is happening in class. Other formative strategies you can incorporate as a matter of daily ritual include “thumbs up, thumbs down.” This is a quick way to see where your class is in its understanding. Also, exit slips can be used to evaluate progress toward the learning target and provide information to help plan your instruction for the next day.

Don’t forget the role of your students in this process. Students need the opportunity to make decisions about and assess their own learning, and that can only happen if they are made aware of the criteria used to evaluate their success. The success criteria are shared with the students before the task is begun. If the target is what we want students to learn, then the success criteria are how they will know that they have learned it. For example, in teaching cell biology, the students must understand cell division as an important part of the cell cycle. One target for the unit could be “I can correctly diagram and label the stages of cell division.” But does this target tell the students how to correctly diagram cell division? Not explicitly. There must be success criteria shared with the student. These can be presented in many forms (checklists, rubrics, models). For this task, a checklist may be employed as in the example below.  

Target: I can correctly diagram the stages of cell division.
Cell Division – checklist for what a good diagram will include:

	Expectations

(criteria) 
	Key Points
	Where are you now?
	Feedback

	All stages labeled.
	Interphase, Prophase, Metaphase, Anaphase, Telophase, Cytokinesis
	Complete

Almost Complete

Incomplete 
	

	Structures labeled in each phase where visible.
	nuclear membrane, chromosomes, cell membrane, spindle fibers, centrioles
	Complete

Almost Complete

Incomplete
	

	All drawings are clear and easily identified. 
	In your drawing, each structure should be easy to identify.
	Complete

Almost Complete

Incomplete
	


By giving this to the students before they start their diagrams, they can assess themselves as they complete the task. When the task is completed, the students and teacher can assess progress toward the target. Instructions or feedback can be given that allow the students to be successful in reaching the learning target.  

Using formative assessment techniques during your instruction informs the both the teacher and students what targets are well understood and which need more instructional attention. Lesson design, therefore, is continuously adjusted to maximize student learning. By providing understandable learning targets, making adjustments to our instruction, using success criteria and providing high-quality feedback, we can ensure our students will be successful in learning science content.
Where can I find additional resources on the topic of classroom assessment and reflection?

Science Formative Assessments: 75 Practical Strategies for Linking Assessment, Instruction, and Learning - Science education expert Page Keeley shares 75 specific techniques that help K–12 science teachers determine students’ understanding of key concepts and design learning opportunities that will deepen students’ mastery of content and standards. This book describes how each technique promotes student learning; considerations for design and implementation, such as required materials, timing, modeling the technique and grouping students; modifications for different types of students or purposes; and ways the techniques can be used in other content areas. These flexible assessments can be used with any science curriculum.

http://www.nsta.org/store/product_detail.aspx?id=10.2505/9781412941808
Uncovering Student Ideas in Science, Volume 1: 25 Formative Assessment Probes - This book helps pinpoint what your students know (or think they know) so you can monitor their learning and adjust your teaching accordingly. Loaded with classroom-friendly features you can use immediately, the book is comprised of 25 “probes” — brief, easily administered activities designed to determine your students’ thinking on 44 core science topics (grouped by light, sound, matter, gravity, heat and temperature, life science and Earth and space science). Also available are volumes 2, 3 and 4. http://www.nsta.org/store/product_detail.aspx?id=10.2505/9780873552554
Active Learning through Formative Assessment - Central to the whole process of using assessment for (and as) learning is the way in which pupils become involved in all learning and assessment processes: the expectations and classroom examples in this book demonstrate why and how to do it. Drawn from across the age range, and all subjects, they exemplify effective learning objectives, clear success criteria, talk partner techniques, effective questioning, high-quality discussion with pupils and self- and peer evaluation of work.
http://www.shirleyclarke-education.org/publications/index.html
Seven Strategies of Assessment for Learning - This practical new book from ETS Assessment Training Institute organizes research-based recommendations about classroom assessment practices around three formative assessment questions: “Where am I going?” “Where am I now?” and “How can I close the gap?” The framework is sequenced so that you can easily weave assessment for learning practices into daily teaching and assessment activities. http://shop.assessmentinst.com/servlet/ProductView?command=cp&supplierID=649&commodityID=23836&searchIndex=2
CLASSROOM ASSESSMENT for STUDENT LEARNING: Doing It Right-Using It Well - This book is grounded in the research shown to increase student motivation and learning through improved classroom assessment. This combination text and workbook:

· is user-friendly with practical examples of what assessment for learning looks like in everyday instruction

· helps educators increase knowledge and skill in student-involved classroom assessment

· comes with hands-on practice for the classroom and is presented in a format for use in collaborative learning teams
· contains additional resources on a CD-ROM, and video segments on the accompanying DVD
http://shop.assessmentinst.com/servlet/ProductView?command=cp&supplierID=649&commodityID=17165&searchIndex=0
Do you have any questions or comments about the content of this newsletter or the Characteristics of High Quality Teaching and Learning in Science document? KDE’s science consultants can be reached at the e-mail addresses below:

Elementary: karen.kidwell@education.ky.gov
Middle School: sean.elkins@education.ky.gov
High School: suzann.shaver@education.ky.gov
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