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Introduction

Over the last 30 years formative assessment has been progressively be refined in its definition and is distinct from much more common summative assessment.  Formative assessment is cyclical process that occurs during instruction where extracted information of students’ status of content knowledge or skills is used to inform corrective adjustments in teaching instruction and/or utilized by students to optimize the learning efforts or tactics, and close, efficiently as possible, the learning deficiencies of the students in reference to the learning goals or standards taught.  It is ‘assessment for learning.’ It is diagnostic in nature whose purpose is to guide both teachers and students to improve their teaching and learning respectively and is not for grading per se.  It is more comparative to ongoing communication between student and teacher about the content and process to what is being learned, than normally thought as ‘traditional assessment.’ Formative assessment increases self-efficacy with focus on intentional rather than incidental learning increasing motivation and engagement in the student (Brookhart, 2008, Nov.). Like inquiry formative assessment can be used over a range of level or frequency of implementation.
Similar to inquiry-based instruction, formative assessment activates and builds on prior knowledge, makes students thinking visible and explicit; engages students in self-monitoring of their own learning (greater accountability); is cooperative-based with peer evaluating; often problem-based (even if the problem is that of the challenge of learning the content itself and not based scientific concepts such as designing an eco-friendly city); makes features of good work and scientific discourse understandable and accessible to students stating the importance of the educational goals; and best of all, provides relevant feedback to students specifically targeted toward improvement (partially drawn from Keeley, 2007; Brookhart 2008, Nov.).
          Formative assessment is not the same as summative assessments generally come at the end of
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 units of study as often a final evaluation of learning that has or has not taken place before moving on to the next set of standards. Even if information is used from these final unit exams or standardized tests by the teacher to re-teach a specific concept or skill to all or select few of the students, it is not considered formative assessment because it is not an ongoing spiral process embedded in instruction either formally planned (Popham, 2008) or informally (daily interaction). Summative assessment is competitive by nature and formative assessment is not.  It is more cooperative essentially in that everyone is attempting to learn the same objectives and ideally aid each other in the process. Often students who perform poorly on tests see themselves lacking the ability to master the content and skills and do not see that effort is most important facet to success.  Being task-oriented, formative assessment explicitly makes clear that effort correlates strongly with quality of performance. It assessment done for students to enhance their learning effort instead of done to students as final judgment.
Large Scale summative assessment performed on the state and district levels have their important goals to serve and most prominent in the discussion of  efficacy of our education system. External high-stakes accountability testing such as the STAR standardized testing here in California, or Third International Math and Science Survey is dominate in the discussion of how well our education system is performing and to rank schools. It is debatable in how well they measure the strengths and weaknesses of various instructional programs, districts, teachers, and the proficiency status of students, for they are the traditional multiple-choice only exams that capture discrete knowledge often and not essential or holistic meaning of the standards (Klassen, 2006).  Formative assessment having a diagnostic function and being more student and classroom centered seems to exemplify or represent these greater learning goals—especially scientific inquiry skills.
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Prior to pioneering theoretical work accomplished by D. Royce Sadler who was one of the first to delineate the key elements of formative assessment, there was little mention of it in pedagogical literature with the focus was primarily on summative assessment (Sadler, 1989, p. 121, and Black & Dockrell,1984). According to the current NSTA president, Paige Keeley, “assessment priorities are shifting from an overemphasis on testing to a balance between formative assessment and summative assessment” (Keeley 2008. p. 10). She suggests that professional development across the nation look more to transforming classroom assessment practices so that each student’s achievement status is well known during instruction cycle and that they are seen as ‘unique learners,’ and it is important to “draw out their ideas and build upon them” not just summarily assess them after a series of standards-based lesson plans (Keeley, 2008, p. 10). What is implied here, is that a model classroom serves each student with an individualized differentiated instructional plan, as much as practical, which requires the not just the content (what is learned) but the process (how it is taught) as well. 
If students are to acquire the key content ideas and science skills of inquiry then teachers need to consistently model skills and evaluate students progress, and this is best accomplished through formative assessment. As advised in the National Resource Council document refining classroom assessment requires “assessing what is most highly valued, assessing rich, well-structured knowledge, and assessing scientific understanding and reasoning” (NRC 1996, p. 100). Teachers and students need to constantly know what the goals are, where are they on the progression (scaffolding) curve of learning, and how is the gap is best bridged. The recent pedagogical literature often purports that formative assessment is the best strategy (Brookhart, 2008; Keely, 2008; Cowie, 1999). 
Students in order to take the remedial steps and for teachers to implement their instruction with effective intervention there needs to be constant eliciting of student proficiency in both skills  
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and conceptual understanding as the standards define. Formative assessment goals are to modify both the teacher’s instructional approaches and efforts and that of the students in regards to their learning.  By identifying, as specifically as possible, the status of success of student learning and using that data to inform modifications in curriculum and student performance it is hope that academic achievement, broadly defined to include social as well as cognitive, is optimized.

Formative assessment is an essential strategy for skill and knowledge gap closure between the actual achievement of the student and the learning goal or standard they are expected to master or have sufficient expertise in.  Increasingly formative assessment is found to be very valuable in enhancing student success especially among perennial low achieving students (Black & William 1998; Sheppard 2000; Stiggins & Chapputs, 2008). What allows for this assessment or pedagogical strategy successful is that involves the student in the learning process.  Students have greater engagement and intrinsic motivation within the structure formative assessment as they are given greater control and responsibility in monitoring their learning trajectory and making the improvements to their effort and approach to the learning goals. Paige Keeley in her book, ‘Everyday Assessment in the Science Classroom’, states that “Self-assessment is one example of a change in classroom practice that could serve both cognitive and motivational ends. Self-assessment makes the features of excellent work explicit and helps students internalize these critieria (thus serving cognitive purposes)” (Keeley, 2007, p. 125). A two pronged use of the assessment data is implemented whereby the not only the teacher uses it to modify the learning experience, but also the student learns to self assess or monitor, set goals, and create their own self-tailored learning strategies. These skills need to be taught to students and opportunities to do these tasks must be provided by the teacher. Under formative assessment students take greater responsibility for their own learning on a regular basis and thus are empowered by it. Of course this requires that students 
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receive frequent and useful feedback from their teachers and often their peers. Accurate and consistent record keeping is included in this endeavor.
Effective accurate feedback requires multiple measures and criteria in order to identify and respond appropriately to the whole student as a learner. That is, every written assignment, lab performance, and topic discussion can be a means to evaluate student progress in content knowledge, skills, and social development. Judgments in formative assessment by nature should be descriptive or qualitative and not merely alpha-numerical scores or grades which provide little information comparatively to a student in how they should specifically take action to improve. A. Klugar and  A DeNisi in a comprehensive study in 1996 found that most research indicated feedback improved performance and where it was effective, the feedback was just a simple grade and no judgment without a hint of what students could do to improve (Klugar and DeNisi, 1996). Of course the more specific the feedback and focused on work and process it is, the more helpful it is for that particular student to make corrections and targeted efforts to improve their learning. Susan Brookhart warns that feedback can be over done and that the main principle the teacher should keep in mind is considering the student’s perspective (Brookhart, 2008, Jan.).
Students need not only the raw data of formative assessment but help in interpreting this information to help them define how successful they are in being proficient in mastering the learning goals. To improve their performance, students need to know how they are progressing. Formative assessment is best implemented by an experienced teacher with significant pedagogical content knowledge. Students need help in reflecting on their progress and thus valuable information needs to be provided by the teacher who, optimally, is an expert on not only the content but cognitive and social development of their students and thus make the content accessible to their students at 
appropriate levels. (Keeley, 2008; Bransford, Brown, and Cocking, 1999). Formative
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assessment involves feedback and qualitative judgments (Sadler, 1989).  

A supportive environment is required if students are to positively focus on self-monitoring and identifying their short-comings. However, “feedback is only effective when it translates into clear, positive message that students can hear (Brookhart, 2008, Jan., p. 54). Constructive evaluations, from both teacher and peers, is necessary to diminish the discrepancy of their learning and the academic goals of the subject. These feedback loops are best conducted as part of the normal learning environment. (Sadler, 1989).  “Teachers use feedback to make programmatic decisions with respect to readiness, diagnosis and remediation. Students use it to monitor the strengths and weaknesses of their performances, so that aspects associated with success or high quality can be recognized and reinforced, and unsatisfactory aspects modified or improved” (Sadler, 1989, p. 122-123).  This meta-cognitive aspect of their role as students has long term impact as life long learners.     

           Communicating standards, and other well-defined criteria of excellence (such as effective communication, cooperative skills, academic honesty, etc.), to students is vital if they are to gauge accurately the progress of achieving mastery of concepts and skills and then take appropriate action to close the gap. Obviously the content and pedagogical knowledge of the teacher must be excellent in order to convey these goals to their students effectively. 
Formative assessment can manifest in two basic strategies formally (planned) or informally (daily interaction). Formal formative assessment is the integral part of the lesson planning such as writing assignments, drawing diagrams, concept maps, predicting activities, reflective writing, scientists meetings, short quizzes, laboratory assignments, projects, worksheets, note-taking, etc. and informal would appear from interaction between students and teacher though observations and discourse (Keeley, 2007; Lee & Abell, 2007).  Formal formative assessment, according to Cowie and Bell, is characterized by four parts: a purpose (obtain information about the learning status of 
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the class as a whole to inform their teaching); eliciting information (specific assessment tasks for probing or review and targets individuals);  interpreting  (identifying what science concepts are being adequately understood or not); and lastly, acting ( teacher actions on the information can be referenced to science curriculum, student learning, or caring-quality of relationships between students and student-teacher). Informal formative assessment is simply gathering information and quickly acting upon it as the opportunities arise with daily interactions.  This interactive type of formative assessment is more relationship-driven than curriculum-driven. It involves noticing (brief identifying of students’ science, social and personal development), and responding (which is a lot like acting but is more immediate) (Cowie and Bell,1999).  
Personal Reflection
Assessment is only formative if it results in corrective action on part of the teacher and student. I see it as being embedded as part of the constructivist learning cycle: Engage, Explore, Explain, Elaborate and Evaluate.  However, I suggest a revised version would put formative assessment into every step/stage of the cycle. Of course the last stage: ‘evaluate’ is summative.  Formative assessment can work for a traditional direct teaching but teacher’s role would be more of as a guide and there would be greater teacher student dialogue required. Inquiry based instruction and formative assessment are a perfect match, in my opinion but requires a veteran teacher with strong pedagogical content knowledge and a flexible pacing calendar (Cowie and Bell, 1999).  It would prudent for a novice teacher to improve their teaching prowess to this optimal strategy.  I am not confident if I am up to it, though, as a regularly embedded practice. I, to some degree, do both fairly consistently.  I hope to find a colleague to collaborate with in developing formative assessment as an integral component to the learning cycle.
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In my classroom inquiry mostly comes in the form exploring (e. g. microscopy and dissections) or observing living organisms and discussing somewhat familiar topics such as heredity and how it relates to genetics or the controversy of evolution by natural selection for example.  Formative assessment is more at the awareness level for me, and my feedback to students is very informal and inconsistent.  I grade every assignment, and I have my students do more work than any science teacher I know in 7th grade.  My grading entails paying special discernment on their essay questions on their worksheets, assessment probes to prior knowledge, labs, or as part of their bell work that starts class (using their notebooks).  I am always looking for their thinking process and knowledge.  I often will grade or score them leniently for effort alone and not accuracy but of course that the latter is what matters to me most–their learning or mastering of the current standard. I will write comments on these papers as feedback such as write with complete ideas or try to connect the concepts or use scientific terms when answering etc.
 I do employ formal formative assessment in the form of journal (we call it interactive notebook) writing and tests, which often come at what I decide is natural end to a unit. Case in point, I teach basic genetics with topics such as DNA structure, Mendelian, and chromosome theory as one complete unit, but more advanced genetics such as sex-linked genes, transcription, translation, mutations, genetically modified foods and epi-gentics I teach separately as time allows. Of course I do throw in these topics as high interest current events that affect their lives. However, I do not make significant systematic effort to regularly ascertain the status of each student in their progression to mastery.  From my years of experience of teaching life science standards I plan a series of lessons that I know will sufficiently and engagingly scaffold to level of proficiency. I give a unit exam that normally covers just two chapters, depending on the density of the content, in whose results I use to re-teach any content or skills that are most are not proficient. Hopefully this corrective last lesson 
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fixes any misconceptions or gaps in knowledge.  The final summative exam is a district-wide benchmark which also dictates my pacing calendar to a significant extent.

Mostly though formative assessment comes informally as I speak to individual students or have whole class discussions.  Invariably I will have the experience of several students come up to me with the same difficulty such as just last week they had some trouble with genotype and phenotype and how to use a Punnett Square to predict the offspring from a cross.  I almost always stop the class and demonstrate how to do the skill and review the meaning of the terms.  It is an efficient intervention and one could say it results from formative assessment. 
I am considering formative assessment as the foundation to my teaching practices and to aid in this I am considering it as my action project.  Here is the outline of it:
· Investigative Question: Is the implementation of web-based diagnostic (formative) assessment have a positive significant impact on learning success of my 7th students.  I do not know the timing of this research project thus I do not which topic/unit it will be implemented.  I am hoping it is genetics or evolution  units for I have many summative assessments of my own composition and the district benchmark exam to help determine the results.  Also, a unit later in the year, like the ones mentioned above, would be beneficial in that I would know the students better and have firmly established other general routines and expectations to create the optimal classroom environment.
Implementation: I will make available to students online tests created with the publisher software or google docs or whatever is recommended for the study. The exams will be more than true/false, fill-in-the-blank, or multiple choice style, but, most importantly, include essay questions that will require diagramming when appropriate. Each question will be clearly labeled with corresponding standard for future reference. I would like to make 
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available performance tests to test for skills like microscopy and dissections. I will have similar lesson plans and activities that I effectively used in the past but if I see a barrier to learning I will modify my instruction to confront it.  I would also like to use the daily journal (we call it an ‘interactive notebook’) that we already employ on a daily basis to probe for knowledge prior to introducing a subject or for review of a recent lesson, as an assessment tool.  I am inspired by the work of Maria Ruiz-Primo and Min Li to more aggressively use the interactive notebook as a document for logging learning progress (Ruiz-Primo & Li, 2004).
· Students will be required to document their progress by self–assessing the results of their exams which can be graded online except for the essay which I will grade.  I will provide supportive and descriptive appraisals of their essay answers referring them to what they can do next to improve. I predict this will be the most formidable challenge. Standards that they fail to have adequate mastery of they will choose from a list of differentiated assignments as intervention activities to improve their learning in that specific concept.  As they work independently I would like to plan the time to meet with each one individually referring to their tracking chart (preferably an Excel spreadsheet generated graph that they  can create and access online) showing their progress and standards for more tailored personal feedback. Ask them individually follow-up questions that require them explain more such as “why do you think that?” so to aid them to think and communicate more like a scientist. I hope to personalize as much as is pragmatical, formative assessment for my students and, to a greater or lesser extent be computer-based.  My plan is to use an educational initiative proposed in some United Kingdom school districts (Marsh, 2007) as my model.
     I am persuaded by the ample lauded benefits in the literature that I need to create a
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formative assessment based classroom culture. I would choose formative assessment simply for the outcomes of students having more control and responsibility for their learning and hence, intrinsic motivation and self-esteem that it entails.  However, the promise of it improving the efficacy of my teaching gives me hope it could require less time to teach the essential standards to a proficient level and result in giving me time to teach all the relevant advanced subjects beyond those standards required in No Child Left Behind (2001) mandated standardized tests.  That is, with the extra instructional time there is the potential to teach biotechnology and modern medicine practices which the students find very interesting but rarely have the basic understanding or time to attempt studying them except as special research project. However, at the very least, perhaps formative assessment being an integral part of the normal teaching and learning process, will greatly help the lower achieving students reach proficiency and give them a boost in confidence and learning strategies to be more successful. 
Formative Assessment 13

References

Black, H. D. and D. William, D., (1998).  Assessment and Classroom Learning. Assessment in Education: Principles, Policy, and Practice 5 (1): 7-73.
Black, H. D. & Dockrell, W. B. (1984). Criterion-referenced assessment in the classroom. Edinburgh: Scottish Council for Research in Education.
Bransford, John D., Brown A. L., and Cocking, R. R., (1999). How People Learn: Brain, Mind, experience and School. NATIONAL ACADEMY PRESS. Washington, D.C. 

Brookhart, S. M., (2008) Feedback that Fits. Educational Leadership. December/January Vol. 65 issue 4: 54-59.
Brookhart, S. M., (2008) Formative Assessment that Empowers. Educational Leadership. Novemver Vol. 66 issue 3: 52-57.
Cowie, B., and Bell B., (1999) A Model of Formative Assessment in Science Education. Assessment in Education: Principles, Policy, & Practice. March Vol. 6 Issue 1: 101-117.earch 
Keeley, P., (2007). Science Formative Assessment: 75 Practical Strategies for Linking Assessment, Instruction, and Learning.  Thousand Oaks, California: Corwin Press.

Keeley, P., (2008). Science Education—the times they are a-changin’.(message form the president). Science and Children 46.1 September, p. 10.
Klassen, S. (2006) Contextual Assessment in Science Education: Background, Issues, and Policy. Wiley InterScience. May.

Kluger, A. N., and DeNisi A., (1996). the effects of Feedback Interventions on Performance: A Historical review, a meta-analysis, and preliminary feedback Intervention Theory. Psychology Bulletin 119 (2): 254-284.
Lee, M. H., Abell S. K., (2007). Assessing for Science Learning. Science and Children 44 (7) 66-67. 
Formative Assessment 14

National Resource Council (1996). National Science Education Standards. Washington DC: National Academy Press.
Marsh, C. J. (2007) A critical analysis of the use of formative assessment in schools. Education Resource Policy Practice. 6:25-29.
Popham, W. J. (2008) Seven Stepping Stones to Success. Principal Leadership (Middle School Edition) 9 (1) 16-20.
Ruiz-Primo, M. A., & Li, M. (2004) On the Use of  Students’ Science Notebooks as an Assessment Tool. Studies in Educational Evaluation 30 61-85.

Sadler, D. R., (1989).  Formative Assessment and the Design of Instructional Systems. Instructional Science 18: 119-144 

Sheppard, L. A.,  (2000). The role assessment in a learning culture. Educational Researcher. 29(7): 4-14.

Stiggins, R., & Chapputs, J. (2008). Student Learning. District Administration. January, 43-44.

