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Introduction

Teachers make decisions every moment of their school day:  assessing student behavior, lesson efficacy and pacing, which materials to be used and how they are to be managed, and when and what kind of assessments are required to surmise student understanding and performance.  These day-to day decisions affect the learning opportunities and experiences of their students.  As science teachers we aim for specific learning goals of science literacy, proficient understanding content standards of our specific subjects, and student achievement and engagement in general.  Inquiry is a central element to science instruction where student actively and reflectively construct their increasingly sophisticated knowledge base through scientific experience with the natural world or phenomenon employing critical thinking or questioning and analysis along with the requisite acquiring of new facts and  skills.  In order to achieve these goals, teachers must know what naïve preconceptions apply to the subject and where they are in the learning progression of the unit of study. In my personal perusing of science education research I have found that formative assessment fits effectively in this constructivist model (Engage, Explore, Explain, Elaborate, and Evaluate) for its allows both teachers and students to evaluate where they are along the paths of these goals and take corrective steps in attaining them. Inquiry based instruction and formative assessment are a perfect fit, but requires a veteran teacher with strong pedagogical content knowledge and a flexible pacing calendar (Cowie and Bell, 1999; Coffey, Douglas, & Stearns, 2008).  

Formative assessment (assessment for learning) takes place during the course of learning in an ongoing cyclical process.  It is distinctive from summative learning (assessment of learning) which takes place at the termination of learning cycle or unit.  Though formative assessment has many operational definitions it can generally be summarized as a dynamic process of assessment used during the learning process where the gathering of information about students’ ongoing 
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learning progression by both teachers and students themselves which is then interpreted and used to modify teaching practices and learning activities still in progress.  Formative assessment purpose is to inform teacher and students rather than an external group such as policy makers or researchers. It gives a formal structure to daily instructional decisions.

In reflecting on my own teaching practices and learning cycle I determined that informal formative assessment in day to day planned discussions and spontaneous interaction with students during their inquiry activities. More formalized assessments that enable me to modify my instruction to their learning progression comes from the evidence from their journals, lab reports, etc.  I am always looking for their thinking process and knowledge but rarely do I share the information with them promptly nor do they regularly collaborate self- or peer assessment.  I am persuaded by the ample lauded benefits in the literature that I need to create a 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, greater equity between 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.  In my action research study I plan to embed formative assessment activities into the learning cycle to determine if it significantly improves student achievement and motivation.

Literature Review

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 
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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 what is 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 explicitly the importance of the educational goals; and best of all, provides relevant descriptive 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


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 
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considered formative assessment because it is not an ongoing spiral or cyclical process embedded in instruction either formally planned (Popham, 2008) or informally (daily interaction).

            Summative assessment is competitive by nature and formative assessment is not.  A review of research on testing has exposed data of a negative impact on students’ motivation for learning (Harlen & Crick, D. 2003). 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. Harlen (2003) proposes for a better balance between the two types of assessment and work in harmony rather than opposition.  L. Shepard stated that ‘what assessment  means must shift away from grading and evaluations and toward evidence useful in informing the teaching/learning process 
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(Shepard, 2000).  It has been further suggested that formative assessment could provide a richer  (more frequent and specific quantitative and qualitative) amount and more qualitative of information about student learning than traditional summative tests (Harlen, 2003). Summative tests can compel teachers to cover the material of the subject and teach to the tests they and their students are held accountable to which may detract from the process effective  learning and conceptual change.

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 
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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). In a well renown study by Paul Black and Dylan William (1998) recognized and analyzed 250 studies (performed in many countries for ages 5 thru undergraduates) comparing classroom instruction that involved formative assessment and those who did not incorporate it.   Their compelling results showed that embedding assessments produced greater student motivation and learning especially for low-achieving groups (Black & William, 1998). 

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  

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.  The process of  formative assessment has been summarized as follows: gathering evidence about student skills, concepts and attitudes; interpreting this evidence in terms of progress toward learning goals; deciding the next steps of intervention; finding ways of helping students take the next steps and repeat through the various concepts (Harlen, 2003). 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 (learning and motivation) especially among perennial low achieving 
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students (Black & William 1998; Shepard 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. 

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 

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 
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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).  
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 

receive frequent and useful descriptive 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 thus overwhelming to students, and that the main principle the teacher should keep in mind is considering the student’s perspective (Brookhart, 2008, Jan.).
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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 assessment involves feedback and qualitative judgments (Sadler, 1989).  


A supportive student-centered 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 
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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 and anticipate common gaps in student personal knowledge with that of the standards to be learned.

        Along with considering formative assessment for improving student learning there is the effect it has the affective domain (attitude and motivation) of students academic experiences.  Koballa and Glynn (2007) identify four general theoretical themes on motivation: behavioral-staying on task and incentives; humanistic-personal growth; cognitive-students plans, goals, expectations; and social-relationships and self –identity.  In my study I not only interested in student attitudes toward science that most research focus on, but also there interest in learning, and instruction process itself via classroom behavior. Koballa and Glynn (2007) found that five dynamic elements influence a students intrinsic motivation (doing something for its own sake): teacher expectations, goals directed behavior, self-determination, self-regulation, and self-efficacy.  I believe formative assessment emphasize there factors to a great degree and therefore should demonstrate a positive result in my action research.

As mentioned earlier in this paper formative assessment and inquiry-based learning provide a complementary lesson structure in my opinion.  In the paper composed by the National Science Foundation (Foundations, 2000, 
Introduction): “Inquiry is an approach to learning that involves a process of exploring the natural or material 
world, and that leads to asking questions, making discoveries, and rigorously testing those 
discoveries in the search for new understanding. Inquiry, as it relates to science education, should mirror as closely as possible the enterprise of doing real science.” Embedded formative assessment close resembles the ongoing self-corrective or at least reflective process the scientists implement. “In order for inquiry to be effective, a teacher must lay a 
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foundation in which students can begin to take more responsibility for their own learning” (Foundations, 2000, Chapter 6).  An effective Inquiry-based classroom gives students frequent opportunities to confront new information and experiences in the search for meaning with a learning environment that assists and prompts the exploration of meaning. Not an easy situation to manage depending on the maturity of the students but, I would say an ideal one to aspire to.
In order for inquiry to be effective, a teacher must lay a foundation in which students can begin to take more responsibility for their own learning” (Foundations, 2000, Chapter 6).  An effective Inquiry-based classroom gives students frequent opportunities to confront new information and experiences in the search for meaning with a learning environment that assists and prompts the exploration of meaning. Not an easy situation to manage depending on the maturity of the students but, I would say an ideal one to aspire to. The following list outlined from Joe exline’s online workshop in inquiry (Exline, 2004) of what inquiry learning looks like in pracitce: 

· Students view themselves as learners in the process of learning.
· Students accept an "invitation to learn" and willingly engage in an exploration process.

· Students raise questions, propose explanations, and use observations.

· Students plan and carry out learning activities.

· Students communicate using a variety of methods.

· Students critique their learning practices.
This list stated above is common description to what most would consider is inquiry. Notice that is student centered in what learning activities are chosen and in the meta-cognitive practice of critiquing his or her own learning practices which dove-tails very well with the spirit and practice of formative assessment.
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Methodology

Context and Participants

As mentioned before, formative assessment works as ongoing set of activities that inform daily instructional decisions providing meaningful descriptive feedback to students to aid them in meta-cognitively reflect on their learning process and academic performance.  To determine this teaching for understanding process is effective at improving learning (concept change) and motivation I will be embedding various formative assessment practices into my curriculum for two of my five 7th grade life science classes.  These will be the experimental classes.  Another two classes I will teach in learning cycle I currently employ which does include some informal formative 

assessment as I have discussed in the introduction.  These two classes will act as the control part of the study for comparison. The students will have already been randomized by school administration and thus I expect to have a range of aptitudes and equitable gender ratio and which should make for a fair test and comparison.  The fifth class will have a resource designated cluster of students who may receive a modified version of formative assessment since they often require more support, such as various scaffolding strategies. This resource class will not be included in the study. The school setting is Rio Norte Junior High School in the William S. Hart Union High School District situated in the Santa Clarita Valley here in California.  

Data Collection

The two results I will be examining in my embedded formative assessment study are student achievement and motivation/engagement. The triangulated data sources for student achievement will measured by a unit pretest and post-test that will be one and the same; overall grades; and a summative benchmark test. In order ascertain motivation I plan to utilize post unit anonymous survey to appraise their motivation and engagement where the results will be aggregated in class 
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averages, classroom behavior checklist to measure engagement, and summary comments made in their journals after science activities such as labs, self and peer assessments.

I plan two have the control and experimental groups exchange places after the first unit. The first unit will be on cell biology and the second unit will be genetics in keeping correspondence with the state and school district standards and pacing calendar.  Each of the two sets classes will go through the same formative assessment integrated activities as they pertain to the subject and the same data collection tools: pre- and post-test, survey, grades, and behavior checklist. Each of the units declared above are very intense and extensive potion of my life science curriculum and require the full ten weeks of the quarter terms they transpire in.  I feel that this will give me ample data to analyze and determine the efficacy of formative assessment in improving student learning and motivation.

The formative assessment activities I still have to develop but basically it involves formalized assessment probes administered before each topic, journaling, periodic self–assessment of projects and activities using other students work as models; peer–assessment in collaborative 

groups using a teacher provided rubric; various questioning strategies and discussions in small and whole-class situations; consistently given quizzes of all modalities (multiple choice, short answer, ture/false, and problem based) that immediately corrected with a differentiated intervention options to remedy any misconceptions or lack of knowledge that become apparent from the quiz; worksheets to aid in text deconstruction and retention;  of course lab reports that include pre-lab prompt and  post-lab review of concepts to be gleaned from them; consistent use of exit cards to summarize the learning for each class period; concept mapping is a great activity in revealing student understanding and connecting the detailed facts with the overarching ‘big idea;’ lastly, I will have them create a 
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portfolio of their work where they will select work the exemplifies their learning progression and achievement; and others to be announced.  Students will use a form to track their progress and makes notes to reflect on their learning status and differentiated assignment options they used to aid in their learning progression.

Student journal entries will act as the main vehicle for formative assessment activities.  This science journal (I call it an ‘interactive notebook’) that I already employ on a daily basis to probe for knowledge prior to introducing a subject or for review of a recent lesson, and 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). I always have students write their individual response first before we share in pairs, groups, or whole class for it allows them to more freely express their true understanding and gives me a window to see their thinking.  This notebook also provides a way for me to give them individualized descriptive feedback but I may use a separate form for that they can attach to their progress form.  

The formative assessment strategies that are implemented in the experimental classes differ significantly in frequency from the ‘control’ classes I will teach in my own traditional manner.  

However, there may be a strong correlation between the two for I plan to continue what I believe to be best practices for all my students in the control classes as well.  The essential difference is that the students in the formative assessment classes will have more immediate and more descriptive and personalized feedback and so will I be enabled to modify the learning process to make a better fit with cognitive demands of the task, task fitness with the standards, and student abilities.  

Lastly, another distinction is the students will be required to take more control and responsibility for monitoring and evaluating their learning progression.  This is the essential difference between the experimental and control groups in that the students will be significantly 
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more responsible for their evaluation of their progress or lack thereof.  I will provide a table showing a comparison of the experimental with the control classes lesson plan pathway in a later version of this proposal—included will be the ‘progress’ form that each student will use.  The individual form students will use to keep track of their learning progress and what assignments used to accomplish their learning goals. Many of the formative assessment activities themselves such as the forms they will use, various assessment probes, writing prompts will be developed later this summer. All of it will be available online through a class website.
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