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ABSTRACT

There is a national commitment in the United States to the teaching of science as inquiry across the K-12 grades. Inquiry teaching of science reflects the investigative approach scientists use to discover and construct new knowledge. Nevertheless there remains debate about appropriate science instructional approaches, across a spectrum from ‘direct’ instruction to pure ‘discovery’ learning. Standards documents advocate a guided inquiry approach, often reflected in a learning cycle.

During their undergraduate preparation, pre-service teachers usually take a number of science content courses and a broad science teaching methods course. They are regularly assessed on their science content knowledge, but there is a critical need to complement this by also assessing pedagogical content knowledge of inquiry science teaching. That is, knowledge of topic teaching practices that reflect the inquiry nature of science. Currently this is rarely assessed because suitable instruments are not available. 

In this project we are developing and validating such an assessment instrument, which we call POSITT, the Pedagogy of Science Inquiry Teaching Test. It consists of case-based objective items based on realistic vignettes of classroom teaching situations in K-8 science topics. An item poses a problem on the vignette and offers response options reflecting a spectrum of teaching orientations. Developed items are piloted twice on a large scale with pre-service teachers at diverse institutions, with analysis providing data for refinement and estimates of reliability. Suitably balanced item sets are compiled into POSITT instruments with grade range variants. POSITT is finally field-validated by studying its predictive power with respect to classroom observations of actual teaching practice, taking into account possible covariant factors.

The instrument should be useful to teacher educators and researchers at any institution for assessing pedagogical content knowledge of inquiry science teaching (PCK-IST), as well as for evaluating and improving the effectiveness of instructional programs in this regard. Equally importantly, items can be used formatively to promote contextualized understanding of science inquiry pedagogy, for both pre- and in-service teachers. Examples of assessment items are provided.

INTRODUCTION, BACKGROUND AND RATIONALE
· Teaching science as inquiry

The United States has developed a national commitment to the teaching of science as inquiry across the K-12 grades (AAAS 1990; NRC 1996, 2000, 2001). Inquiry teaching of science refers to curriculum approach and pedagogy that reflects the investigative approach and techniques that scientists use to discover and construct knowledge. Standards documents of the American Association for the Advancement of Science (Project 2061,1990) and the National Research Council (National Science Education Standards, 1996) advocate a scientific inquiry approach to teaching and learning. Inquiry processes of science range across aspects like observing, posing questions, exploring phenomena, experimenting, interpreting data, seeking relationships, inferring from evidence, suggesting and testing hypotheses, developing concepts, laws and models, and communicating and explaining findings. ‘Science’ thus encompasses both process and product aspects, which are equally important. There are corresponding instructional approaches that reflect this, such as Karplus’s learning-cycle approach (1977). 

The concept of teaching and learning science as inquiry is not new, but the origins of the modern day movement lie in the NSF-funded curriculum projects of the 1960s (Anderson 2003; deBoer 1991; Krajcik et al 2001; Rudolph 2002; Schwab 1962). The effectiveness of those inquiry-based curricula was documented first by Shymansky et al in 1983 and again in 1990, and by Secker and Lissitz (1999) and Secker (2002) using updated techniques. 

Despite the emphasis on guided inquiry in national standards and state curricula, there is continuing debate (and dissent) about desirable and effective approaches to science instruction. There exists a range of approaches across a spectrum from ‘direct’ didactic presentation on the one hand to unguided ‘discovery’ learning on the other, each approach with its advocates. Teachers likewise have conscious or unconscious orientations toward one part of the instructional spectrum or another. There are both educational and political aspects to this debate.

There are sometimes different interpretations of what is meant by inquiry instruction, especially when usage is not made explicit. The approach advocated in standards documents of the NRC and AAAS is one of ‘guided inquiry’. For example, science instruction based on the Karplus (1977) learning cycle involves three main stages: exploration, concept development and application. The teacher guides the process and intervenes as necessary to help students through the development sequence. This is certainly not synonymous with minimally-guided ‘discovery’.
· Pedagogical content knowledge

Teaching science is a demanding task, requiring teachers to understand not only the science content but also how to translate the content and methods of science into analogous instructional practices. Such ability is what Shulman called pedagogical content knowledge or PCK (Shulman 1986, 1987; Barnett & Hodson 2001; Dean 1999). PCK is the knowledge of effective instructional practices pertinent to specific content areas. For science teaching, that emphatically includes understanding of inquiry as an approach to the subject (Eick 2000; Lederman 1992, Lowery 2002). 
· Assessment during teacher preparation

During their undergraduate preparation, pre-service teachers normally take a number of science content courses and a broad science teaching methods course. Their knowledge of science content is regularly assessed in the science courses. The national move toward inquiry-based teaching means that an equally important knowledge component is pedagogical content knowledge of inquiry science teaching; that is, knowledge of teaching practices that specifically reflect the investigative nature of science. However, this crucial ability is rarely assessed directly or regularly during students’ preparation. This contrast is an anomaly which likely arises because understanding of inquiry pedagogy, in specific topic contexts, is harder to assess than science content, and we do not currently have suitable instruments. Surely a necessary component of our national effort to improve science education must be the ability to effectively and efficiently assess teachers’ pedagogical knowledge of inquiry science teaching. Without it it is difficult to evaluate and improve undergraduate science teacher education programs, nor ensure competence of graduates in this regard. Currently, such an assessment tool is not available. Iris Weiss, a leading authority on science assessment, concurs: “I don't know of any such set of items, and I agree with you that this work is sorely needed!” 

Undergraduate pre-service teachers do in fact have their teaching practice evaluated (Luft 1999), but this is by classroom observation (e.g. Jenness & Barley 1999), toward the end of a program, and in limited measure. Although observational evaluation of practice is very important, as a practical matter only a few science lessons covering one or two topics can be evaluated in this labor-intensive way. Also, evaluations of pre-service elementary teachers tend to be done by teacher educators with little science background. 

· Desired assessment instrument

All the above considerations motivated this project – to develop and validate an assessment tool for testing pre-service teachers’ pedagogical knowledge of inquiry science teaching.

For teachers, planning and implementing successful inquiry-based learning in the science classroom is a task which demands a combination of science content knowledge and inquiry pedagogy knowledge. Correspondingly, an assessment instrument must reflect this combination, and do so in the context of specific science topics and teaching situations. Thus the main aims of this project are: to develop an objective case-based assessment tool for testing pedagogical content knowledge of inquiry science teaching, to pilot and refine the assessment items, and to field-validate the resulting instrument against observed teaching practice. We dub this instrument POSITT, the Pedagogy of Science Inquiry Teaching Test. The final format will be sets of objective items based on realistic classroom scenarios and teaching issues encountered in practice.

Note that the instrument will not be based on broad statements about inquiry generally. There exist some tests of teachers’ general beliefs about inquiry (Harwood 2006), but these serve a different purpose and are more distant from practice and content. We also note again that POSITT is not an observational instrument to evaluate inquiry teaching practice in the classroom. There are existing tools for this, such as the Reformed Teaching Observation Protocol (RTOP), and the Lesson Observation System used the Science and Math Program Improvement (SAMPI) group. Rather, our instrument will serve other functions. It is a readily administered objective instrument for use during undergraduate instruction of prospective teachers, to both assess and promote understanding of inquiry science pedagogy. For our purposes, the role of observation of teaching practice will be to field-validate the instrument’s predictive validity. 

· Formative and summative uses 

POSITT can have both summative and formative purposes. It is critical to ascertain how students moving through their preparation programs as teachers of science are developing the knowledge of inquiry that will form the basis for their practice. Equally importantly, feedback from formative assessment is known to be a singularly effective factor in learning (Black 2004). In this regard the instrument could clearly support the professional development of both pre-and in-service teachers, in enhancing expertise in inquiry science teaching.

· Target and level

Our focus in this project is on undergraduate students preparing to be teachers of science. Of particular interest is the inquiry pedagogical knowledge required for teaching science at the elementary (K–8) grades, because this sets the foundation for future learning. It is critical that children leave these grades with a good grounding in both the content and processes of science, as they progress to the more specialized study of the sciences at the secondary level. Nevertheless, the type of understanding required for good science inquiry teaching is surely not grade-constrained, so the instrument could serve its purpose for other grade ranges too, or be extended in content coverage. In fact we suspect the items might even be useful for introductory college instructors seeking to gain an appreciation of inquiry approaches and hence improve their science instruction.

THE ASSESSMENT TOOL – OUTLINE OF DEVELOPMENT, TESTING AND VALIDATION STAGES

For all the reasons above, science teacher education desperately needs an assessment tool specific to the inquiry teaching of science, of broad scope and ease of use, validated by research, which can be readily used for both summative and formative purposes.

· Scientifically based research and development
The U.S. Department of Education (2002) has called for the use of scientifically based research and evidence as the foundation for education programs; and as The Condition of Education 2002 states: “Reliable data are critical in guiding efforts to improve education in America” (Livingston 2002, p. iii; Lesh & Lovitts 2000; Shavelson & Towne 2002; Towne & Hilton, 2004). Accordingly our project involves a multistage plan for test development followed by two rounds of piloting and revision, concluding with blinded field-testing against classroom practice for validating the assessment tool. 

· Project outline

To that end, the project involves the following aspects:

•
Developing criteria for items regarding inquiry pedagogy. 

* 
Identifying various types or classes of items that are possible for this new type of assessment, characterizing by question type, formulation, response options, and item format.

•
Creating problem-based items involving realistic teaching scenarios across a range of representative K-8 elementary science topics. 

•
Ensuring that items reflect diversity in race, gender, geographic and economic contexts.

•
Establishing standardized scoring and administration directions for the instrument.

•
Piloting and revision of items on a large scale with about a thousand diverse undergraduate pre-service student teachers at collaborating institutions across the country. 

•
Computing initial estimates of reliability.

•
Field validating the instrument by studying predictive power with respect to observed teaching in classrooms, for both pre- and in-service teachers. 

Once fully developed and validated, this assessment tool, addressing a central area where there is currently a huge assessment gap, should be of value to every undergraduate science teacher program in the country. For the first time we will be able to assess science inquiry pedagogy knowledge as readily as we assess science content knowledge. 

DESIGN CONSIDERATIONS FOR THE ASSESSMENT

It is well known that while objective-type tests are easy to administer and score, the creation and refinement of quality objective items with meaningful choice options is very demanding, especially items that measure understanding in realistic situations. Thus the creative work of item construction forms a substantial and crucial part of this project. This is followed by careful piloting, revision and validation. Here we describe the design considerations used to develop the individual items and final POSITT instrument.
· View of science inquiry teaching and criteria for inquiry items

 For any pedagogy-of-inquiry assessment tool to be effective, it must be based upon a widely accepted view of what appropriate inquiry teaching is, and how guided inquiry contrasts with other approaches across a spectrum from ‘direct instruction’ to open ‘discovery’. We use the view of inquiry presented in two documents that have gained broad national acceptance, viz. National Science Education Standards (1996) and Science for all Americans (1990), and have developed a set of Inquiry-Item-Criteria to guide item development and evaluation. In abbreviated form, the criteria specify that inquiry–based science instruction proceeds such that learners: a) engage in scientifically oriented questions and explorations, b) give priority to evidence in addressing questions, c) formulate explanations from investigation and evidence, d) connect explanations to scientific knowledge, and e) communicate and justify models and explanations. 

· Science content and level

The science content must be grade-appropriate and for this we look to the National Science Education Standards (1996) and Science for all Americans (1990). Item scenarios are based on science content specified in standards for the K-8 grades. Note however that since we are testing science pedagogy knowledge, items should serve this purpose reasonably well at secondary level also, within the content range covered.

· Case-based teaching vignettes

As noted, planning and implementing successful inquiry-based learning in the science classroom is a task demanding a combination of science content knowledge and inquiry pedagogy knowledge – the latter not just in general terms but as applied to specific topics and cases. A feature of our POSITT tool is that the assessment items are posed not in generalities about inquiry but are based on specific science topics in real teaching contexts.

The model we will use for item design is based on the curriculum technique of Problem-Based Learning (PBL), which has been widely used in medical education (Albanese & Mitchell 1993; Peterson 1997) and more recently adopted in science teacher education (Dean 1999; Ngeow & Kong 2001; Wang et al 1999). Case- or problem-based approaches present students with a practical problem, in our case in the form of a teaching scenario or vignette representing a realistic K-8 science teaching situation. Thus each item begins with a specific vignette followed by a question about it and a set of response choices. Responses might be possible evaluations of the teacher’s actions so far, or alternative suggestions for what the teacher should do next, or ways of handling a particular event or question.

Examples of items based on teaching vignettes are provided in the Appendix. It will be seen that the examples reflect the kinds of instructional decisions that teachers have to make every day, both in lesson planning and on the spot in the classroom.

Basing a pedagogy-of-inquiry assessment on PBL and concrete cases has several advantages. Firstly, the assessment is realistic and hence more authentic, being built upon actual classroom occurrences. Secondly, it is an assessment that does not lapse into measurement of rote memory, nor of generalities about inquiry. Each item specifically requires either application or evaluation, in terms of Bloom’s Taxonomy (Anderson & Krathwohl 2001) in specific situations. Successful application and evaluation requires both understanding of inquiry and how to use it in real cases. Thirdly, because the assessment involves pedagogical approaches in real contexts, individual items are easily adapted for formative use with pre-service students. In order to fully grasp an area, students need the experience of applying knowledge to a range of problems, else their knowledge may be inert. Once a set of problem-based items on inquiry pedagogy is available, it can be used to help students develop a usable understanding of the general principles they are learning. Our items are essentially ‘problems’ involving alternative pedagogical approaches to a given teaching situation. Working through such problems with students operates as a scaffold for novices’ current lack of schemas and serves as a basis for effective instruction based on active engagement with example cases. 

· Assessment formats

For its intended purposes the assessment tool needs to be readily administered, easily scored, and reliable. Thus we have chosen an objective format with variations. For the development of the instrument, every item is first written in three different but related formats, viz. 
i. 
Multiple choice (MC) format. Stem with 4 or 5 response choices.

ii. 
Ranked Response (RR). Variation requiring ranking of the response choices (Scriven 1991; 1998)

iii. 
Short-answer constructed response (CR). Students construct their own responses.

Because we are developing multiple items and item types to address each component of the Inquiry-Item-Criteria, we will be able to compare item difficulties and discrimination, which will provide evidence for the validity of the assessments. As such the development of the assessment tool can be conceptualized in a similar framework as a multi-trait, multi-method (MTMM) type of approach advocated by Campbell & Fiske (1959; also see Gulek 1999). In our study, the ‘traits’ are Inquiry-Item-Criteria and the ‘methods’ are the three item formats (see Appendix for the MTMM table). Although, in our application of the MTMM we will not be examining discriminate validity as originally conceptualized. The MTMM matrix approach to organizing reliability and validity information, particularly among the three different item formats, provides a logical and conceptual schema for organizing the psychometric information. Results on the Ranked Response (RR) and Constructed Response (CR) formats will also help refine the foils for the Multiple-Choice (MC) format. Note that having three formats initially will help develop and validate the items, but the final instrument will normally be used in the multiple choice format. If instructors wish, they can in addition have students explain their answers in short constructed responses, especially when using items formatively.

ITEM DEVELOPMENT

The goal is to produce 30 pedagogy-of-inquiry assessment items for each of the three grade groups, for a total of 90 items, each in three formats, giving a collection of 270 individual items. Various POSITT instruments can be constructed from these; a test administered to a particular group will have about 30 appropriately selected items. Item development procedures are as follows.

· Item writing group

The item writing group consists of four project investigators, a doctoral research associate and five experienced schoolteachers representing three grade groups, K-2, 3-5 and 6-8. It is important to have teachers involved because they have direct knowledge of situations that teachers commonly encounter. 

· Item typology and writing guide

During the initial item creation stage we analyzed what main types of items are possible for scenario-based assessment of inquiry pedagogy, classifying with regard to question type, mode of formulation, responses, and item format. This typology then provided a guide for further item creation and refinement. 

· Detailed feedback and improvement

The development stage includes a detailed student feedback component for item improvement. We want to know why students are choosing or not choosing each of the responses, and how they are interpreting the question. Items are administered to a representative group of pre-service students who give written reasons for choosing or not choosing each option. This can be further probed by interviews. Project 2061 (AAAS 2007) uses a similar procedure for developing science content items, and states that the detailed feedback proves essential to the item development and modification process.
· External review
We have an external panel of eight expert consultants to review and critique both the Inquiry-Item-Criteria and the POSITT items as they are developed. The panelists are nationally recognized experts on science teaching, science teacher education and/or assessment. Each panel member rates items for science content, pedagogy and appropriateness of response choices. These data are used to establish the content validity of the items, the item’s construct link to the Inquiry-Item-Criteria, and to establish the best answers, especially important in the RR and CR item formats. Besides its role in item improvement this process also assists in verifying the relevance of the criteria themselves. 
· Work so far

This is a new project currently in the item development and refinement stage. We have formulated criteria for inquiry items, and the writing team has thus far generated several dozen teaching scenarios, and written one or more items for each of these, ranging over a variety of types. Our immediate experience is that the task of creating vignettes, questions and response choices for inquiry PCK items is innovative, unfamiliar and far more demanding than producing conventional items on science content. Thus to assist in item writing we are simultaneously devising typologies and guidance for the task.

Using a limited set of early items, one of the investigators has done preliminary pilots of this assessment concept in an elementary science methods course at Western Michigan University. This try-out of individual items lends support to the viability of the concept. There was a concern that students could sometimes guess the ‘desired’ answer to items. Experience with these early items suggests that this will not be a significant problem. There was often a bimodal test distribution; those methods students with good understanding of inquiry could readily identify it in problem-based teaching vignettes, while others seemed not to be oriented toward the inquiry approach in contextual situations, nor able to guess it. To a fair extent students seemed to either ‘get it’ or not. At one end of the instructional spectrum, the idea that a teacher’s role is ‘telling’ is quite deeply entrenched, hence students with this orientation, conscious or unconscious, are likely to choose a corresponding response. At the other end, those with a very laissez–faire interpretation of inquiry will tend to choose ‘discovery’ responses. To study this it will be useful to survey and interview selected participants, to probe their reasons for choosing or not choosing the various options. This will also feed into the improvement of items and options.

· Examples of items

Some examples of items produced are provided in the Appendix.

ITEM PILOTING, ANALYSIS AND REVISION

· Piloting with pre-service students at collaborating institutions

After the writing and reviewing processes, items will be compiled into sets of test forms. Pilot tests of the instrument will then be conducted at 10 collaborating institutions across the country. The participants will be undergraduate students in elementary science methods courses who intend to be teachers. With several participating universities, we have access to between 500 and 800 participants in each of two semesters. 

Members of our project team and our colleagues at the other universities teach these courses and supervise adjunct teachers. We have access to the courses through our collaborators, which allows us to gather additional information about the participants. After students have taken the POSITT their instructor will go over the items with them as ‘worked examples’ and students will be able to discuss the science teaching aspects and raise questions. This uses the occasion of the research pilot as an instructional opportunity for students and teachers, and can feed back into item refinement.

Note that that there will be two stages of piloting, in successive semesters. The statistical analysis of Pilot 1, plus information from the associated discussions, will inform item revision, so that the Pilot 2 can be run with a modified and improved instrument. 

It is possible that science content knowledge and/or science literacy generally might correlate with pedagogical knowledge of science inquiry. Therefore during the second pilot we also administer a Scientific Literacy Survey (Laugksch & Spargo, 2000), based on Science for All Americans. This will be the first test of the null hypothesis that science knowledge is not related to pedagogical knowledge of inquiry teaching. Alternatively or in addition, once POSITT is finalized we will administer it to new groups together with a science content test specifically targeting the topics in the teaching scenarios, as well as a science literacy test.

· Analysis of data from each round of pilot studies

Following each of the pilot tests at participating institutions, analysis will focus on the following:

· Reviewing and finalizing directions for test scoring and administration:

i. Rubrics for Constructed Response (CR) items.

ii. Rankings and ratings for Ranked Response (RR) items.

iii. Scoring rules for full and partial credit in CR and RR item formats.

· Initial reliability estimation.

· Initial construction of the Multi-Trait Multi-Method (MTMM) matrix for examination of the three different item-formats ability to assess each of the Inquiry-Item-Criteria.

· Item Response Theory (IRT) to calibrate items and estimate examinee pedagogical knowledge of inquiry science teaching (PCK-IST).

· Differential Item Functioning (DIF) for possible bias in gender, ethnicity and science concentration.

· Initial estimates of criterion-related validity by correlation between performance on the new assessment instrument and academic performance.

For the second pilot, in addition to the above analyses, student performance on the revised POSITT will be correlated with responses on the Scientific Literacy Survey to establish further construct validity. 

An important validity component of an educational assessment instrument is to establish content-related validity. Since POSITT is comprised of different item formats and assess different dimensions of inquiry science teaching, the MTMM matrix is used to obtain construct validity evidence by gathering and analyzing the correlations among the item sets. The correlation matrix is examined against the expected correlation pattern to see if there is convergent and divergent validity evidence. 

· Item revision and improvement

After the analyzing each pilot of items, revisions and improvements will be made. The best items across the range of grades and desired abilities will then be elected and assembled into final test format, a Pedagogy Of Science Inquiry Teaching Test. Variants may be produced for various grade ranges or specific purposes.

FIELD VALIDATION STUDIES

Although a multi-stage procedure will have been used to develop, pilot and refine the items and POSITT instrument, it is also important to validate it against observation of subsequent teaching practice.

· Construct-Related Evidence and Predictive Validity Evidence

The validation studies collect two primary aspects of validity evidence for POSITT, namely construct-related evidence and predictive validity evidence. The multiple development stages and piloting of POSITT will provide content-related validity evidence. Although we are working with undergraduate science education majors, the ultimate goal is that they become competent teachers of K-8 school science. Hence, since our goal is to assess pedagogical content knowledge, an important aspect of validity will be to establish a relationship between POSITT performance and subsequent teaching practice. Therefore we will test the hypothesis that level of inquiry pedagogical content knowledge is a predictor of the degree to which teachers will be good inquiry teachers of science. Note that good Inquiry PCK should be a necessary, but not sufficient, condition for teaching well by inquiry. If a teacher does not have sufficient understanding of inquiry pedagogy, we hypothesize that it will be almost impossible to implement good inquiry practice in the classroom. Therefore a low score on the POSITT should be a clear predictor of poor inquiry teaching, and we can see if a minimum scoring level can be set as a necessary condition. On the other hand, a good score on POSITT cannot on its own be a sufficient condition for good inquiry practice. Knowing the principles of inquiry science teaching does not guarantee that such teaching will occur – there are other factors in a school environment as well as personal attributes that might work against it in practice. Thus to investigate the ‘positive’ hypothesis we can look for correlation between POSITT results and inquiry teaching practice, while identifying and examining other variables that are likely to affect practice. Examination of literature and theory regarding inquiry, plus discussion with our panel, suggests several possible intervening variables, namely teacher science knowledge, science teaching self confidence, science teaching efficacy, science interest and attitude, and school environment for science teaching. These are listed as covariates as in the table below, along with instruments for assessing these aspects.

	Independent Variable
	Covariables
	Instrument
	Dependent Variable

	SCORE ON PEDAGOGY OF SCIENCE INQUIRY TEACHING 
 TEST

(POSITT)
	A. Science Knowledge
	Scientific Literacy Survey
Laugksch & Spargo 2000
	FIELD OBSERVATION ASSESSMENT OF TEACHING PRACTICE



	
	B. Science Teaching Self-Confidence
	Self-confidence and efficacy Instrument
Enochs & Riggs 1990
	

	
	C. Science Teaching Efficacy
	
	

	
	D. Science Interest/Attitudes
	Scientific Attitude Inventory
Moore & Foy 1997
	

	
	E. School Environment for  Science Teaching
	Local Systemic Change Initiative. Horizon 2003
	

	
	F. Motivation/attitude toward hands-on and inquiry-based teaching
	Attitude Toward Hands-on & Inquiry-based Teaching
Oklahoma Teacher Education Collaborative 
	


The instruments for covariables A and D will be administered along with POSITT to all students forming the undergraduate pool. Covariables B, C, E and F are sensitive to classroom situations and thus will be administered only to the sample group (below) once students are in the field as student teachers. The data for covariables will be collected prior to the field observations. In-service subjects will take POSITT and covariant tests prior to classroom observation. Note that participants will be interviewed as part of the field observations of practice, yielding further data.

· Field validation testing pools and samples

In field validation studies, a finalized POSITT instrument will be administered to a new pool of undergraduate students (over 600 in all over two semesters). From this pool a sample of about 60 pre-service participants will be randomly drawn, tests of covariates will be administered, and two blinded classroom observation studies subsequently carried out for each participant, by the Science and Mathematics Program Improvement (SAMPI) group at Western Michigan University. This will provide predictive validity evidence. 

Thus far we have talked of using POSITT during undergraduate instruction of pre-service students, and checking predictive validity by observing their subsequent teaching. It is recognized however that there may be other pressures influencing teachers, student teachers in particular, so that lessons may not always match intentions. Therefore we will also do field validation with a sample of about 20 experienced in-service teachers, selected from districts across the Southwest Michigan and Detroit areas. They will take the POSITT and covariate tests and will twice be observed teaching in blinded field observations by SAMPI. By including an in-service component, the study also reflects the idea that POSITT items can also be used as an evaluative and professional development tool for in-service teachers.

· Field evaluations of teacher practice

The Science and Mathematics Improvement (SAMPI) unit will conduct the classroom evaluations of teaching. The SAMPI observation tool is of established validity and reliability for evaluation of science teaching practice (Barley & Jenness, 1994; Jenness & Barley, 1999; Jenness, 2001). SAMPI will arrange for, and conduct, two observations per student, including interviews and lesson plan evaluation. The teaching evaluations will be blind; however, SAMPI will have the Inquiry-Item-Criteria so that they can ensure alignment with their classroom observation protocol.

SAMPI will not have access to any other data collected from these students. Based on analyzed data from two teaching observations, along with lesson plans and pre- and post-lesson interviews, SAMPI will categorize teachers as ‘good’, ‘satisfactory’ or ‘poor’ users of inquiry science practice. SAMPI personnel will not have had any previous contact with our project, and out project team will not know the sample, hence this will be a double-blind evaluation of the participant teachers.

Once the classroom observations have been rated they will serve as the criterion in subsequent analyses for establishing the criterion-related validity of POSITT; for example, logistic regression (LR) and discriminate function analysis (DFA) will be examined. DFA will establish the ability of POSITT to correctly classify teachers as good, satisfactory, or poor users of inquiry teaching, and logistic regression can provide useful estimates (odds ratio) of the impact of POSITT on inquiry teaching practice after accounting for covariables.

CONCLUSION AND POTENTIAL IMPACTS 

At the conclusion of the project, a case-based objective instrument for assessing pedagogical content knowledge of inquiry science teaching will have been developed, piloted and finally field-validated by blinded testing against the ‘gold standard’ for pedagogy assessment, namely what teachers actually do in the classroom.

At this stage POSITT will be made widely available. Thus teacher educators at any undergraduate institution will be able to assess the effectiveness of their instruction in regard to pedagogical content knowledge of inquiry science teaching, and be in an informed position to improve their science teacher education programs. They will be able to use the instrument both formatively and summatively during teacher preparation or professional development. 

Even though the instrument is primarily designed for pre-service K-8 teachers, items of this nature should have the potential for much broader uses, e.g. in-service or at secondary level. It could also be useful for graduate students and teaching assistants in science education programs. Interestingly, it might even be of interest to faculty teaching regular undergraduate and graduate science, mathematics, engineering and technology (SMET) subjects at colleges and universities. Previous research indicates that science professors can be motivated to improve their own teaching practice by becoming aware of how science is best taught to young people (Fedock et al, 1996). This could be of importance given the recent efforts to recruit doctoral level science majors into school science teaching, e.g. the NSF program for Graduate Teaching Fellows in K-12 Education (Vines, 2002). 

Finally, POSITT as a tested and validated instrument will also be of value to researchers investigating ways to improve the education and practice of science teachers. 
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/Appendix: Example Items

APPENDIX:  EXAMPLES OF ASSESSMENT ITEMS

Each item begins with a realistic classroom teaching vignette on a particular science topic. This is turned into a problem by asking a question about pedagogy, with a set of alternative responses to choose from. There are various possible types of items, for example an evaluation of the lesson so far, suggestions for what the teacher should do next, alternative lesson designs and approaches, ways of handling questions or occurrences, etc. 


EXAMPLE 1: Starting to teach about form and function

Fish

[image: image1.wmf]
Mr. Lowe is a 3rd grade teacher. Two of his eventual objectives are for students to learn at a simple level about the relationship between form and function. 

He begins a specific lesson on fish by showing an overhead transparency of a fish, naming several parts, and labeling them as shown.

Which of the following is the best evaluation of the lesson so far?

A. This is a good lesson so far, because the teacher is clearly and systematically introducing the vocabulary that the children will need for further studies of fish. 

B. This is a good lesson so far, because by learning the names of the fish parts, the students are more engaged and will ask appropriate questions about their function. 

C. This lesson is not off to a good start, because it begins with the teacher giving the children information about fish, before any attempt to develop a sense of questioning or investigation on the part of the students. 

D. The lesson is not off to a good start, simply because it begins with the teacher doing the talking, which is never a good idea.

E. This lesson is not off to a good start, because the students are not doing anything "hands-on." There should always be real fish for students to observe, so they would connect the lesson to the real world. 

Comments on Example Item 1

Of the options, “C” is the desired response according to the inquiry pedagogy criteria. “C” suggests the teacher should engage students through questioning about what they notice and know about fish. The teacher should guide students to describe the various fish parts and ask students to pose questions about what the parts do for the fish. As it is described, the lesson does not necessarily engage the students’ thinking. 

Response “A” and “B” align only with knowledge-level objectives, whereby the intent is for students to know the vocabulary. Knowing formal names of body parts is not a necessary criterion for associating form and function and the approach is not inquiry.

Response “D” suggests that a good inquiry lesson is never teacher-centered. A teacher-centered portion of a lesson can be inquiry-oriented by engaging students through modeling of investigative activities. Teachers can provide students with questions, data, and explanations; all the while discussing the reasoning processes that lead to justification for claims.

Response "E" is not the best because it suggests a good lesson must always be "hands-on." Hands-on does not ensure inquiry nor does it ensure students will connect the lesson to the real world. The teacher could engage students through questioning and other scenarios familiar to students, without needing to have students observe real fish – though this would be ideal.

EXAMPLE 2: Teaching approaches for force and motion

Force & motion
A useful activity for teaching force and motion is to have one student sit in a trolley with little friction while another can pull it along by exerting force on the handle. 
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The goal is that students gain a conceptual understanding of the relationship between motion and force, viz. that an applied force will cause an object to change its motion, i.e. speed up or slow down. (Newton’s second law). 

Five teachers have five different lesson plans for using this activity to teach the relationship between force and motion. Which plan below would be best? 

A. Mr Adams starts by writing a heading on the board: ‘Newton’s Second Law of Motion’, and dictates the law (in conceptual terms) for students to write down. He then explains the law and illustrates it with a diagram of a trolley being pulled. At any stage he gives students the opportunity to ask questions. Finally he has students verify the law experimentally by checking what happens to a trolley when a person pulls it with a constant force.

B. Ms Burke first has students explore what happens to the trolley when a steady force is applied to it, and asks them to describe the kind of motion that results. She elicits the focus question of how force and motion might be related, then asks for suggestions for a ‘law’ that would describe their observations. Having put forward a proposed law (or laws), students then test it by making predictions in various situations and trying out. They finally write their own statements of the law they have generated. 

C. Mr Campos gives students freedom to try out anything they wish with the trolleys, intending that they should be drawn in to the hands-on activity and discover on their own the relation between force and motion. He does not impose structure nor tell students what to do, but is available for discussion, in which he does not give ‘answers’ to questions but instead asks questions in return. At the end of the session he does not provide the ‘correct’ law, since the point is for students to discover their own.

D. Ms Davis, as a prelude to Newton’s second law of motion, defines the term acceleration and has students write it down. She then explains the concept carefully with examples. Thereafter she presents Newton’s second law in the form ‘acceleration is proportional to net force’. Students then verify the law by doing the hands-on trolley activity.

E. Mr Estrada feels that the textbook treats force and motion clearly and correctly. Thus he has several students in succession read paragraphs aloud from the book, and encourages students to ask if they don’t understand something. He then demonstrates the law for the whole class with the trolley activity and two students assisting, to verify the textbook statement.

Note that this item may be most suited to formative use because of the length of its options.
Comments on Example Item 2

Only options B and C represent inquiry approaches, but C is essentially unguided discovery. B addresses all of our inquiry pedagogy criteria, while the unstructured nature of option C makes it hard to know which criteria might be attained in a class. The other options A, D and E present the conclusions of science first, then explain and confirm them, the antithesis of inquiry and investigation. 

A. This approach is completely non-inquiry, though organized and methodical. The lesson is a rhetoric of ‘conclusions first’, to paraphrase Schwab. Experiments are seen as confirmatory not investigative.

B. A good inquiry approach, generating questions, ideas and concepts from exploration. Students propose a possible law from evidence and test it. Guided inquiry and investigation, appropriately structured, as advocated by standards. 

C. Unstructured and unguided discovery for the most part. It is unlikely that students will be able to make sense of the activities or reach the desired learning outcomes. Pure discovery is not advocated, and Klahr’s research shows it to be ineffective. 

D. Presents conclusions first, again the antithesis of inquiry. Moreover, difficult concepts (acceleration) are introduced and formally defined in a way that is unnecessary at this level and will likely interfere at this stage with developing the desired conceptual understanding. 

E. This is a dreary passive class activity, though the teacher may be seeking to avoid ‘teacher talking’ to some extent. Approach is non-inquiry, little engaged. Experiments seen as confirming book knowledge rather than generating knowledge. 

EXAMPLE 3 
Anomalous results in a classroom investigation on earthworms

Earthworm investigation

Ms Lefevre’s third grade class has been doing a long investigation activity with earthworms. Besides teaching her students about the basic needs of earthworms, Ms Lefevre also wants to develop their skills of observing, investigating, recording and seeking patterns. 
Several groups had been making observations and taking data over some time, and she brought the class together around the data chart, so that they could all look for patterns in their observations. She wanted her students to rely on evidence to develop knowledge. During this analysis, a student pointed out that data collected by one group seemed to contradict that of another group.

What should Ms. Lefevre do in this situation?

A. Tell the students which of the two sets of data is correct and cross out the other data, so that none of the students get wrong ideas about earthworms.

B. Ask the students to suggest ways to resolve the issue, valuing any response that relied on evidence, e.g. re-examining recorded data or comparing procedures, repeating or taking more observations. 
C. Ask everyone to look at the two data sets and to pick the one they thought was right. Then have a show-of-hands vote to see which one should stay and which should be crossed off. This would ensure that the data that remained reflected the majority view.

D. Tell the students that since there was conflicting data and it wasn’t clear which was right, she would it up and get back to them the next time. Then move on to look at other aspects of the observations. 

E. Ask the students to read through the topic resources again to see if they can find information that will resolve the dispute.

Comments on Example Item 3

The desired response is B. This response most closely mirrors what scientists do when variations occur in data. They first recheck and rethink their observations, looking for sources of error. Then they often make new observations under more closely prescribed conditions. In this way, they hope to gather enough data to see clear patterns.

Items A, D, and E essentially sideline the classroom inquiry to refer to an outside source, a poor choice when evidence or procedure is available to resolve the dispute. 
Item C involves voting, which discounts certain data based on reasons other than the data itself. In science inquiry, all data is important initially, and data can only be discounted when error in procedure, observation or recording can be identified. Otherwise the data counts, even if it seems not to fit or illustrate a clear pattern.
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