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Abstract: In this paper we examine the need for and design of professional development that
supports teachers efforts to use reform-minded assessment practices in inquiry-based science
classrooms. We begin by describing our motivation for this work and what these reform-minded
assessment practices might look like. We then detail some of the challenges teachers face in
implementing these practices, based on both the research literature and our empirical work. To
conclude, we outline two design principles for professional development that we believe will help
teachers to productively address these challenges.

The need for reform-minded assessment

National efforts to reform science education call for the development of science inquiry skills (National
Research Council [NRC], 1996). Toward this end, much effort by teachers and researchers has focused on what
students should learn and how instruction can support that learning. Less emphasis, however, has been placed on
how teachers can then assess students' learning. In fact, some research has found that though teachers use inquiry-
based instruction, their assessment practices are not aligned. This is problematic because inquiry skills, such as
designing a scientific investigation or organizing, analyzing, and interpreting data, are not readily captured by
traditional classroom assessments. Thus new science inquiry standards require not only new instructional practices
but also new forms of assessment. This is particularly important given that new forms of assessment have the
potential to lead to improved learning outcomes for students (Black & Wiliam, 1998a; Wilson & Sloane, 2000;
White & Frederiksen, 1998).

What are these “new forms of assessment?’ In contrast to traditional forms of classroom assessment, in
which aquiz or test is given at the end of a unit or alab report is graded and returned, assessment reformers promote
classroom assessments that incorporate challenging tasks to dlicit higher order thinking, and that look not just at
outcomes but at developing learning processes (Shepard, 2000). Ideally, teachers make classroom expectations
visible to students, and students take an active role in their own assessment. The assessment that reformers describe
is ongoing and formative, providing feedback both to students about their learning and to teachers about their
instruction. It takes the form of “embedded assessment,” in which “opportunities to assess student progress and
performance are integrated into the instructional materials and are virtually indistinguishable from the day-to-day
classroom activities’ (Wilson & Sloane, 2000, p. 182). In short, new forms of assessment call for teachers to pay
close attention to the development of student ideas, and to tightly integrate assessment into instruction (Shepard,
2000; Wilson & Sloane, 2000). In this view of assessment, teachers must learn new strategies for collecting and
interpreting evidence about what their students know, what their students are able to do, and what their students are
learning.

New assessment requires professional development

As professional development designers, we recognize that the innovative forms of assessment described
above make new demands of teachers knowledge and skills. They call for teachers to develop strategies for
collecting new types of information, to collect this assessment information on an ongoing basis, to interpret
assessment information about students’ cognitive processes, and to make use of that information to revise
instructional goals and practices and provide meaningful feedback. However, teachers attempting changes in
classroom assessment often bring with them incompatible beliefs, knowledge, and practices (Bliem & Davinroy,
1997; Borko, Mayfield, Marion, Flexer, & Cumbo, 1997). Stiggins (1991) cautions that many teachers lack the
“assessment literacy” required for implementing authentic assessments. Teachers may fail to collect information on
student thinking, to analyze or interpret that information, or to use the information to provide feedback or improve
instruction (Black & Wiliam, 1998b; Duschl & Gitomer, 1997; Shepard, 2000).



Research Questions and Design

Our research agenda focuses on the question: How do we design professional development to support
teachers use of innovative assessment practices, specifically in an inquiry-based science context? This paper
addresses that question in two parts. We first look at factors influencing teachers’ assessment practices. In the
Findings section, we ask the questions; What are teachers beliefs about assessment in inquiry-based science? How
do those beliefs support or conflict with the assessment practices promoted by assessment reform? We then discuss
the implications of these findings for the design of professional development in the next section, Design Principles.

We begin with a description of the context of the research: the assessment approach promoted, and the
professional development and classroom enactments in which teachers were engaged. We follow with a brief
description of how we collected and analyzed our data.

The context
The Assessment Approach

Inquiry-based learning places new demands on teachers for assessing student progress. In response to this
need, the Center for Learning Technologies in Urban Schools (LeTUS) created a professional development class to
support teachers in the development of ways to assess students’ inquiry learning. The class was designed to help
teachers implement a specific approach to embedded performance assessment (Wilson & Sloane, 2000). The
professional development promoted a view of assessment in which students' conceptual understanding and fluency
with inquiry skills are tracked over time as they develop. In this approach, “progress variables’ for the year (for
example, “Designing and Conducting Investigations’) are identified. Next, class activities are designed that provide
assessment information about students' progress in this area. In addition, scoring guides are developed that reflect
the expected learning trajectory of students toward those goals. Student performance in these areas is assessed and
documented using the scoring guides in order to track, understand, and further support student development.

The professional development

The instructor for the course was a local teacher, who was assisted by two researchers from Northwestern
University. Participants in the professional development class were recruited by staff of the Center for LeTUS, and
received incentives for taking part, including graduate credit and funds to use towards the purchase of technology
for their classrooms. Participation was limited to teachers who, prior to the assessment seminar, had taught aLeTUS
curriculum and taken a related professional development class. They were teaching one of three LeTUS curricula
concurrently with taking the professional development course. The specific curriculum they were teaching served as
the basis for the formation of discussion groups within the professional development class. Teachers and researchers
came together over ten sessions to discuss, design, and revise performance assessments for their particular inquiry-
based science curriculum. Teachers taught the unit and implemented their assessment designs during the same time
frame. Additionally, participants engaged in “moderation sessions’ in which they analyzed and discussed student
work from their own and others classrooms (Wilson & Sloane, 2000). In weekly reflections and in class
discussions, the teachers made connections between their practice and larger assessment ideas. As a culminating
project teachers created a portfolio containing reflections from across the course, and specifically, their analyses of
student work.

The classroom enactment

Data for this paper were drawn from one of the three groups of teachers participating in the professiona
development. These teachers were teaching a new 7" grade inquiry-based science curriculum designed by the
LeTUS Center called Planetary Forecaster, in which students examined factors affecting global temperature
variation. The unit is divided into four phases: a) eliciting students prior understandings and generating initial
predictions about the factors that affect global temperature using computer-generated temperature data; b)
generating specific hypotheses about factors to investigate; ¢) investigating and explaining factors that may or may
not affect global temperature differences based on data from computer-based and hands-on investigations; and d)
applying the principles of temperature variation developed in phase C investigations to the temperature prediction
for a hypothetica world. As part of the curriculum, content and process learning goals were identified and
embedded assessments were designed into the activities. Teachers also used a software tool called the Progress
Portfolio, designed to support students' inquiry practice (Loh et al., 2001), as part of the curriculum. The Planetary
Forecaster group consisted of four teachers. Two of the teachers each taught the curriculum to one of their seventh
grade science classes. The other two teachers were team-teaching the curriculum to afifth grade class.




Data collection and methods

As described above, the data for this paper were collected from the group of Planetary Forecaster teachers
participating in the professional development. As part of this study we interviewed these teachers to inquire about
their classroom assessment practices and their beliefs about classroom assessment in the context of inquiry-based
science. The semi-structured interviews were conducted during the summer after the professional development using
the same set of open-ended questions, and were audio-taped and transcribed. The interviews ranged from 45 minutes
to two hours, depending on the teacher. The interview data is supplemented by observations of classroom practice
and artifacts from classrooms (including teacher-designed materials and student work). For the purposes of this
paper, we focus primarily on the interview data.

From that group of teachers, we selected two to describe in these cases. We chose to describe the
assessment  stories of one fifth-grade and one seventh-grade teacher because they help to document diverse
variations and to identify important common patterns (Kuzel 1992; Patton 1990). These teachers were selected as
examples of the challenges facing assessment reformers. We selected Marian' because of the stark contrast between
her assessment beliefs and the assumptions of the assessment approach. Marian was skeptical of the value of the
assessment techniques promoted in the professional development class, and was clear in her reasons for rejecting
them. In contrast, Beth provided a case of a teacher who, although many of her beliefs were aligned with the
assumptions of the assessment approach, still faced challengesin her classroom assessment.

Coding themes were suggested from the design principles of the professional development and from the
research literature. The professional development had a particular vision of assessment asits goal (Wilson & Sloane,
2000; Shepard, 2000), and that implied certain beliefs about assessment. We identified these as the following:

1. Theteacher considers the development of student thinking, looking at prior and current conceptions as well
asthe potential learning trajectory.

2. Student development of content understanding, inquiry skills, and metacognitive skills can and should be
monitored and documented. This documentation provides information for use in feedback to both students
and teacher, for use in furthering that development.

3. Assessment should be formative in addition to summative. Students should receive feedback about where
they are now, where they need to get, and how they can get there. Assessment should also be used to
inform instruction.

While not a comprehensive list of beliefs, we felt that these represented some of the core ideas of the assessment
approach promoted in the professional development. These beliefs we categorized as related to the goals and nature
of assessment.

Next, we examined the transcripts of the final interviews and made note of patterns, especially those that
might suggest new themes. As a result, two additional themes emerged from the data: beliefs about assessment
constraints and assessment self-confidence. We then returned to the transcripts and coded for teacher beliefs related
to al three themes. In this paper we present findings related only to the first of these themes, beliefs about the goals
and nature of assessment. In particular, we focus on four specific sub-themes in this area: (a) teachers assessment
values—what is important to them to assess, (b) teachers beliefs about the purpose for assessment, (c) teachers
beliefs about the audience for assessment, and (d) teachers' view of student development. We culled the interviews
for examples that reflected these themes. From those examples we created our cases.

Findings

Through this work, we found that the underlying causes of challenges to teachers' reform-based assessment
practices were deep-rooted and difficult to address. In case studies of two teachers involved in our professional
development, we found difficulties in two key areas (see Matese, Griesdorn & Edelson, 2002 for a more detailed
description of the cases summarized here). First, we saw conflict between teacher beliefs and the principles of the
assessment system. Second, even when teacher beliefs were aligned with the assessment principles, we found that
teachers face challenges operationalizing those beliefs.

Conflict between teacher beliefs and the principles of the assessment system
In the case of the former we found that one of our case study teachers had underlying beliefs about the nature of
science, pedagogy, and assessment that were fundamentally different than the principles of the assessment system



we were trying to support. Table 1 below summarizes our findings on these teachers' assessment beliefs (Matese,
Griesdorn & Edelson, 2002).

Table 1: Case study teachers beliefs about inquiry-based science assessment

Beth Marian
What Vaues both content and inquiry skills. Inquiry and metacognitive skills not as
assessmentsare | Engagesin both informal and formal valued as content knowledge. Formal
valued? assessments. Practices formative summative assessments of content, such as
assessment. lab reports or quizzes, are most important.
What isthe Guide instruction, provide feedback to Ensure students receive correct content;
pur pose of students. Sees feedback to students and produce grades.
assessing instruction as an important goal of
students? assessment.
Whoisthe Students Parents, students, administrators
audience?
What istheview | Goal isto track student development over Student development is understood and
of student time (such as their development of tracked in terms of grades.
development? hypotheses), but finds the actual practice
challenging.

A quick glance at the table reveals stark differences in these teachers' beliefs about assessment in inquiry-
based science. While Beth’'s are in line with the principles of the assessment system, Marian’s conflict in
fundamental ways. These differences can be summed up in their attitude toward a key aspect of the assessment
system: the use of scoring guides to understand, document, and communicate to students their progress toward key
learning goals. For Marian, the costs in time and energy of using scoring guides outweigh the expected benefits.
With an eye to her assessment audience of parents and administrators, Marian felt discomfort with assessment by
scoring guides, describing it as too subjective and difficult to defend: “Even in the way these [scoring guides] are
now, there'sjust such a degree of subjectivity to it. If you were going to use it to support why you were giving akid
acertain grade, because that’ s really the only reason why you' d have to use them, to support a grade. But then you'd
have the parent coming and saying, what makes you think that wasn't a “serious effort”? There's just no, no, |
wouldn’t use it. | don’t know how | would.” For Beth on the other hand, scoring guides provide clarity in her
assessments, direct her attention to the important features of student performance, and are “hands down” the ideal
way to assess students.

Challenges operationalizing beliefs

Though Beth's beliefs fit well with the principles of the assessment system, we see evidence of yet another
challenge in our analysis of her case. We sometimes saw inconsistencies between Beth's espoused beliefs and her
practice. For example, in contrast to Marian, Beth clearly articulated process learning goals in addition to content. In
describing her assessment of a particular activity, she describes the range of her learning goals for the whole
curriculum:

[T]o me, the four causes for changes in temperature were not the only things | wanted to focus on

as we went through this. There were many other science skills that | wanted to get rolling for

them, including data gathering and filling out these charts and making comparisons and drawing

conclusions based on comparisons, so there was alot happening for me.
When asked about the value of the curriculum’s scoring guides, Beth again emphasizes the value of the skills they
capture, and articulates why she believes this: “Because analysis of data is one of those higher-order thinking skills.
And | think that's realy important.” In her description of what she feels is important to assess, Beth's beliefs are
clearly aligned with the assumptions of the assessment system. But when Beth actually describes her assessment, it
seems these other skills, and the use of the scoring guides to assess them, fall through the cracks:

And when | graded, sometimes | graded letter grades and sometimes | used my check plus, check,

check minus, check minus minus based on the amount of understanding | deemed---and it was

kind of my own, | have a mental rubric, you know. | can see that this person understands the two

or the three concepts. They've explained it pretty clearly---that was a check plus. | can see that this

person understands some of the concepts and---you know, maybe they’re having a little bit of



difficulty explaining it, but | can see there's threads in there that are coming together. That's a

check. This person islike, missing chunks. That’s a check minus.
Her first thoughts in describing her assessments are to refer to students' content understanding. Later, when pressed
by the interviewer, Beth recalls that she looked at inquiry skills in assessing their labs, but thisis an afterthought in
her description of her practice. There remains a gap between what Beth would like to do and what she is able to do.
Throughout the interview she reflects on things she would like to do differently in her assessment. For her, beliefs
were not the challenge but operationalizing them in her particular context was.

Design principles for professional development to support inquiry-based science

assessment
Because authentic assessments are critical to inquiry-based science curriculum and instruction we pose

these challenges as design problems to be addressed by professional development designers. In this section we
outline our ideas concerning design principles for professional development that scaffolds reform-minded
assessment practices. We discuss the principles and how they relate to our assumptions about assessment and about
teacher learning, aong with illustrations from our pilot test experience. Specificaly, we propose the following
principles:

1. Teachers need opportunities to problematize their current inquiry-based science assessment practice.

2. Teachers need opportunities to operationalize their understanding of assessment tools.
The intention is not that professional development include either one or the other, but that it provide teachers with
opportunities for both kinds of experiences.

Certain recurring themes in the design of professional development (Wilson & Berne, 1999) run throughout these
principles and are not isolated for discussion here. First, we assume that this professional development is situated in
the context of teachers classroom practice. Second, we assume that the professional development affords
opportunities for collaboration, discussion, and exchange with peers. Finally, we assume that the professional
development is ongoing over an extended period of time (for example, over the course of a school year or longer).

1. Teachers need opportunities to problematize their current inquiry-based science assessment
practice.

Teachers need opportunities to reflect on their assessment practicesin light of the goals of inquiry. How do
their assessments fit with their learning goals and with the instructional strategies they are using? We refer to this as
opportunities to problematize current assessment practices.

For example, as part of the professional development, the teachers experimented with an inquiry-based science
curriculum in which assessment, instruction, and technology supports were tightly integrated. In particular, tasks
incorporated specially designed technology scaffolds that fit with the assessment and that served as a direct reminder
to the teacher of what was being assessed. As suggested, Marian used the technology to provide a different kind of
feedback to her students. In her interview she cites this as the communication with students that “worked best.”
Instead of her typical feedback in which she looked at a snapshot of their content understanding and filled in what is
missing (“you should have seen this or you should have made a connection”), she provided feedback in the Progress
Portfolio software with the expectation that students would respond to her comments and would continue to develop
their ideas. Furthermore she looked not just at whether the student was right or wrong in the moment, as she did
when grading labs, but saw an opportunity to point to ways in which the work might be improved. She recognized
that for her this was an anomaly, but she liked the kind of feedback she was able to provide in the software. Though
she changed her practice in this one instance, once past the experimentation period she returned to her previous
assessment practices.

Marian’s experience represents both a success and a failure. Despite the opportunity to try new practices,
her current assessment practices were not problematic enough to lead to sustained change. She tried new kinds of
assessment, but her beliefs about what was important to assess and the methods for doing so remained unchanged. In
the context of inquiry-based science, Marian’s learning goals for her students were quite limited. To problematize
her assessment practice, her beliefs needed to be elicited as objects for reflection (Bliem & Davinroy, 1997). The
contrast between her current practices and the new practices, and the potential implications of these differences,
should have been explicitly discussed. Perhaps concrete models and examples of instruction and assessment from
expert teachers in other inquiry-based science classrooms could have prompted Marian to consider her beliefs and



their implications for establishing learning goals and designing inquiry-based instruction and assessment. Whatever
the particular strategy, problematizing beliefs underlying assessment practices is a formidable task and one that
cannot be achieved without ongoing professional development over an extended period of time.

With Marian, core beliefs underlying her learning goals and the assessment of them needed to be
problematized and reconsidered. For others in the professional development, the need was in considering how well
their assessments aligned with their existing learning goals and instruction. Teachers' learning goals for students
imply particular instructional and assessment decisions. Some participants in the professional development had
ambitious learning goals for their students, and were attempting new forms of inquiry-based instruction in line with
those goals. Though for the most part the teachers were implementing inquiry-based science activities, they often
neglected the assessment aspects of them. In these cases, teachers' attention needs to be drawn to the lack of
alignment in their practice. Reflection on this alignment (or lack thereof) may problematize assessment practices for
these teachers.

Problematizing assessment practices is difficult, to say the least. Opportunities for teachers to problematize
their assessment practice are unlikely to occur in professional development that is disconnected from their classroom
context, such as a summer workshop. Nor are opportunities likely to occur frequently enough, or be powerful
enough, to effect any real change in a short period of time. Instead, teachers need multiple opportunities over an
extended period of time to try inquiry-based science assessments in the context of their classrooms and to reflect on
their practice.

2. Teachers need opportunities to operationalize their understanding of assessment tools.

Aswe saw earlier, Beth faced a challenge in operationalizing her beliefs about assessment. Beth’s ahility to
discuss an assessment design with her peers, test it out in her classroom, and then talk to other teachers about the
resulting student work offered her an opportunity to reflect on and change her practice. As a first step in
operationalizing their assessment tools, teachers need to construct an understanding of what learning goals are
appropriate to pursue in the context of a particular curriculum. In Beth’sfinal interview she expressed her struggle to
do that in this new curriculum:

[T]he next time | do [the curriculum] I'm going to keep more careful track of their revising,

particularly in the revision of hypotheses. | wasn’t able to focus on that as much as | would have

liked to. There'sjust so many aspectsto this that when | do it again, I’'m going to make alist of all

these aspects. And you know, really, now that | understand how it fits together . . . I’'m going to

need to make some kind of a checklist for myself of the various things | want to touch init and. . .

where to address them, how to keep track of them. So that | do wind up hitting all of them.

A tool similar to what Beth describes was provided in the curriculum, but she needed support to construct her own
understanding of thistool in the context of her classroom.

Beth cites a second challenge in operationalizing assessment tools, once an understanding of the scope of
the learning goals is reached: “Really deciding if they were understanding the concepts. . . . So designing questions
that don’t just ask ‘what is tilt?; ‘How do you know tilt happens? You know, like redly, straightforward just
content fill-in-the-blanks or you know, one-sentence answers. But designing something that allows them to
demonstrate that they understand what the concept is instead of just telling you what the concept is. That was the
challenge.” Once the teacher has a sense of what they would like to assess, they then need to figure out how to
assess that. They must come up with assessment designs that provide pertinent information about student
learning—not always an easy task.

For Beth, learning often happened in the course of her interaction and collaboration with others in the
professional development: “It gives you another perspective on things that | think is a positive thing.” Beth received
support in these efforts through opportunities to share and discuss her assessment designs. In the interview Beth tells
an anecdote about a conversation with one of the professional development facilitators before class one evening:

| was in the process of developing an assessment. And [a facilitator] walked in and said, “first of

al, what are you looking for and second of all, are you actually getting it based on what you're

doing here?’ [This] rings a bell to me. Ok, then | decided that | am, in fact—because originally |

was gonna pitch [the assessment design] —no, | am, in fact, looking for this. Not what | originally

thought | was looking for. And | do want to know it. So | was able to come to some kind of

decisions. Some kind of more enlightened decisions about exactly what | was looking for, why |



was looking for it and did | think it was important or not, or isit just extraneous, you know?
The conversation led her to reconsider the design at hand and reeval uate what she was actually assessing with it.
While she was not assessing what she originally thought she was, she decided that the information elicited from the
design was just as important to her. The conversation provided her with a model for understanding and evaluating
her assessment designs.

Collaboration was helpful not just in designing assessment tools to collect information about student
thinking, but also in developing the key skill of interpreting that information (National Research Council, 2001). For
example, in an activity called “moderation” (Wilson & Sloane, 2000), teachers brought selections of student work
for the group to assess according to shared scoring guides. Scores were compared and discussed. This experience
allowed teachers to further their understanding of what is meant by particular learning goals, and to build their skills
in interpreting the assessment information they gather in student artifacts. Beth notes that conversations with the
other teachers in the group about her students work have prompted her to think more carefully about her
interpretation of that work: “When we did the moderation | realized that | was making inferences that were
unfounded. That | shouldn’t be assuming this based on some sentence that they made. So after that | was much more
careful.”

Conclusion and future work

In this paper we have offered two design principles for professional development for inquiry-based science
assessment. We want to be clear, however, that no one instructional design is perfect for all audiences. Descriptions
of reform-based teaching emphasize that teachers must modify their instructional plan in response to the needs of
their students, and the same istrue of professional development. However, we suggest that the principles we propose
can serve as important guides for the design of professional development to support teachers learning about
assessment of inquiry-based science. For there to be change in teacher practice, professional development in support
of inquiry-based science assessment will need to provide teachers with opportunities for both problematizing their
current assessment practices and operationalizing assessment tools in the context of their own classrooms.

A goa of future work is to examine how teachers develop assessment practices in the context of inquiry-
based science. Thus far we have described ways of supporting teachers’ efforts to assess inquiry-based science. We
want also to describe the paths along which these changes take place. Like classroom teachers, we expect
professional development facilitators to draw on many kinds of knowledge to interpret and respond to the needs of
participants. Just as we provide teachers with potential learning trgjectories for students in different content areas,
we want to be able to provide professional development facilitators with potential learning tragjectories for teachers
in assessing inquiry-based science. We currently do not have many examples of models or developmental
trajectories depicting the process of teacher learning (notable exceptions include research by Simon (1995) and
Franke, Fennema, & Carpenter, (1997)). Thus, a goal of this research is to understand what the tragjectory might be
for teachers' learning of reform-minded assessment in inquiry-based science. The design principles presented here
arethe first stepsin that process.
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