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The Validity of Portfolio-Based Assessment of Science Teachers

Michal Lomask, Michael Seroussi & Fie Budzinski

Connecticut State Department of Education

Abstract

This paper describes a new, portfolio-based assessment program for beginning
science teachers who seek a license to teach in Connecticut's middle and high
schools. The program is part of the comprehensive Beginning Educator Support
and Training (BEST) induction program for beginning teachers in Connecticut. The
portfolio-based assessment program was developed and pilot-studied during the
1993-1996 school years. The science portfolio assessment requires all beginning
science teachers to plan, teach and assess students' learning in a two-week inquiry-
based unit. The completed portfolios contain four types of artifacts: Daily logs for
the two-week unit, written by the teacher; four videotaped segments that capture
teaching and learning in various learning settings in the same unit; students' work
done through the entire unit; and teacher's reflection on the quality of students'
learning and his/her own teaching. Evidence gathered through various explorative
studies of this new assessment system support the job-relatedness of the assessment
content and the validity of inferences made from the assessment scores. Research
results also show that the portfolio-based assessment program is accessible to
beginning science teachers in different school systems and it has no adverse impact
on any sub-group of candidates. Follow-up interviews with "graduates" of the
program showed that the BEST program for science teachers, through its

combination of licensure accountability testing and the induction's support
component, has a lasting impact on many science teachers who are involved in the
program, thus supporting the current state's systemic efforts to reform science

education in its schools.
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The Validity of Portfolio-Based Teacher Assessment

Michal Lomask, Michael Seroussi & Fie Budzinski

Introduction

The Beginning Educator Support and Training (BEST) program was designed by
the Connecticut State Department of Education (CSDE) as an induction program for
all beginning teachers who seek a Provisional Educator teaching certificate in
Connecticut. The BEST program combines support and opportunities for teachers'
professional growth with licensing-related assessment activities. The BEST program
for beginning science teachers was developed by the CSDE together with a group of
practicing science educators from public schools and institutions of higher education
in Connecticut. The BEST program for beginning science teachers in Connecticut
includes the following support and assessment components:

I. Support Activities:
School Mentorship: - All beginning science teachers are assigned a school-
based mentor or a mentor team for at least one year, to provide them with
support in their initial steps of teaching. Mentoring is provided by
experienced teachers who are trained to support the work of the beginner
teacher. The support is given during school time, and it includes collegial
classroom observations and post-observation discussions between the mentor
and the beginning teacher. The program is supported by the CSDE, through
small professional development funds to schools with beginning teachers.
Teaching Clinics: - The teaching clinics are offered, free of charge, to all
beginning teacher during their first year of teaching. There are four different
teaching clinics, which focus on general pedagogy skills, such as lesson
planning, classroom management, instructional flow and monitoring
students' learning progress.
Lab Safety Activity - The lab safety activity includes participation in an
interactive videodisk (IVD) simulation of a science laboratory (Lomask,
Jacobson and Hafner, 1995) in which candidates have to monitor, in real time,
student work in a simulated lab, and identify various safety problems.
Teachers' performance in the IVD safety simulation is recorded by the system
and transferred to a regular videotape, which later is evaluated by safety
experts. A follow-up safety workshop offers teachers opportunities to address
various issues of lab safety practices and local school regulations.
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Regional Science Support Seminars - A series of six seminars is offered, free
of charge, to all beginning science teachers, in four regional educational
centers in the state. Through modeling, discussions and analyses of teachers'
and students' work in science, beginning science teachers collaboratively
explore issues of school science learning, such as teaching for understanding,
encouraging enquiry and assessing students' academic performance. In
addition, the science seminars focus on the development of reflective
teaching practices and documentation of practice through teaching portfolios.

II. Licensing Assessment Activities
Assessment of general pedagogical skills - During the first year of teaching,
beginning science teachers focus on the development of basic teaching
competencies and good instructional habits. Their teaching competencies are
evaluated through classroom observations by proficient state assessors, using
the Connecticut Competency Instrument (Pecheone & Carey, 1989).
Assessment of content-specific pedagogy - During the second year of teaching,
science teachers focus on the integration of content and instruction. Teachers
are encouraged to identify main conceptual foci for their teaching, engage
students in extended inquiries, evaluate students' learning, and reflect on the
quality of their own performance. At the end of their second year of teaching,
science teachers are required to submit a comprehensive portfolio of their
work (Lomask, Baron & Pecheone, 1995). The quality of teachers'
performance, as documented in their portfolios, is evaluated by highly-
trained science teachers, who have to decide if the performance meets a pre
established set of performance standards.

As can be seen from the above description, the BEST program combines the
accountability aspect of licensing assessment with the support and professional
development that beginning teachers need during the critical period of their
induction into the teaching profession. The rest of this paper will describe the
portfolio-based teacher assessment and explore validity-related aspects of this
licensing examination instrument.

5
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Developing Professional Science Tea Ching Standards

The development of licensing testing program should start with the
conceptualization of the purpose of the assessment. In the BEST program the
purpose of the licensing assessment was defined as ensuring that beginning teachers
have mastered the knowledge, skills and behaviors necessary to teach their students
effectively. To define what beginning teachers have to know and be able to do to
teach effectively, there is a need to explore the factors that affect the work of
beginning teachers. Reynolds (1992), in an analysis of the literature about competent
beginning teaching concludes that beginning teachers oftenly do not know their
subject matter in a way that allows them to explain it to students. Not having much
experience with students, beginning teachers are unable to tailor materials and
instruction to individual students. Unlike experienced teachers, who already have
developed a rich and connected schemata of professional knowledge which allows
them to respond to various classroom situations (Lienhardt, 1990), beginning
teachers have less developed schemata, and they are challenged almost every day by
the unfamiliar demands of classroom teaching. To perform their job beginning
teachers have to not only develop the skills of classroom management and delivery
of instruction, but also to develop a deep understanding of the discipline they teach
and the various ways in which their students learn this discipline (Shulman, 1986).
On the other hand, in most American schools beginning teachers are not working as
interns, but rather they have full responsibility for the learning of their students,
like all other teachers in the school (Interstate New Teacher Assessment and
Support Consortium (INTASC), 1994). The implications of this reality are that
beginning teachers who apply for a permanent teaching license (usually at the end
of the second year of teaching), have to meet acceptable performance standards and
show that they can teach their students successfully.

To measure how well beginning science teachers perform, there is a need to
articulate what all science teachers are expected to know and be able to do, in the
form of professional science teaching standards. The BEST's Professional Science
Teaching Standards (PSTS) were developed by a committee of science educators
from various Connecticut schools and institutions of higher education, to ensure a
wide representation of subject-matter experts in the process. The committee was
informed by current publications about science education, such as Science for All
Americans (American Association for the Advancement of Science, 1989, 1994), an
early draft of the National Science Education Standards (National Research Council,
1994), and a draft of the Standards for Adolescence and Young Adulthoods/Science
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Certification (National Board for Professional Teaching Standards, 1993 ). The final
version of the professional science teaching standards (see Appendix 1) contains
four major standards which describe, in broad strokes, the specific knowledge, skills
and behaviors necessary for effective science teaching.

The professional science teaching standards are central to the licensing process as
they serve as the basis for the major components of the assessment system (i.e.,
assessment's format and content; assessment's evaluation and scoring procedures;
performance standards and cut scores). Because of their centrality to the licensing
process, these standards were validated through a national survey of science
education experts, as is described later in this paper.

Assessment Format and Content

Generally, in designing the specific tasks of a licensing assessment, one has to
establish legitimate relationships between the requirements of the assessment and
its purpose. In the case of the BEST science teacher licensing program we built these
relationships by ensuring that the assessment tasks are:

Credible - elicits teachers' knowledge and skills which are considered to be
relevant and important for effective science teaching by professionals in
the field.
Contextual - represents the daily work of science teachers with their students,
in specific schools, classes and programs.
Coherent - explicitly connects teaching performances to expected students'
learning outcomes in science.
Accessible - can be understood and executed by diverse groups of practicing
science teachers, in diverse educational settings.
Multi-modal - includes multiple methods of evidence collection, to provide a
comprehensive portrait of the individual teacher's performance.

To create assessment that can address all of the above characteristics, it was
decided to base the assessment on self-documented teaching portfolios. Self-

documented teaching portfolios are portfolios that are developed by individual
teachers and contain only those artifacts that are directly related to the teachers'
work with their students. Although other assessment methods, such as classroom
observations or assessment centers (Burry & Oxford, 1995; Long & Stansbury, 1994)
might address the same concerns, the portfolio-based teaching assessment offers
several advantages:

7
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Teaching portfolios provide authentic presentations of the teacher's work
over time. Through their portfolios teachers can present the rationale for

their work, document significant teaching and learning events, collect and
analyze students' work, and create a permanent record of their professional
school performance. As such, the portfolio provides richer and more
comprehensive data for the assessment process.

Teaching portfolios are linked to professional teaching standards, without
promoting standardized teaching practices. Since each portfolio developer
describes the teaching that occurred within his/her specific context, the
portfolios are evaluated in light of the unique teaching circumstances of their
developer. In addition, teachers are asked to not only describe and analyze
their teaching, but to also support their statements with evidence from
students' work. As such, the portfolio-based assessment promotes a wide
range of individual and contextualized responses to a single set of prescribed
tasks and standards.

Developing a teaching portfolio is a learning experience for the teacher.
Intellectual and emotional involvement in the development process are
likely to invite various reflective practices, such as discussions with peers,
selective examination of materials and focused writing. Writing has the
potential to transform vague ideas into clear concepts, thus promoting critical
thinking and deepening teachers' understanding of their profession.

Teaching portfolios can have multiple applications. Portfolios are lasting
products that can be used by teachers in a variety of situations, beyond the
licensure assessment. The portfolio, for example, can be shared with peers
and serve as a basis for staff development and curriculum revisions. The
portfolio, which is an authentic representation of the teacher's professional
performance, can also benefit its developer when seeking new professional
career opportunities.

8
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Currently, all beginning science teachers in Connecticut have to develop and
submit for evaluation a complete science teaching portfolio during the second year
of their teaching. The general structure and content of the BEST program's science
teaching portfolio and its task-specific documentation is described in Appendix 2.
As can be seen, the portfolio entries include teacher's daily logs, students' work,
videotapes of actual teaching and learning and reflective commentary by the
teacher.

The content of the portfolio tasks has been carefully designed to engage
beginning science teachers in teaching activities that promote students'
development of science literacy. The tasks were also crafted to elicit appropriate and
sufficient evidence to inform the portfolio evaluation process. The specific content
of the portfolio tasks (e.g., open-ended lab investigation, discussion of science-
technology-society issue) is highly related to the goals of students' learning in
science, as articulated by the Connecticut Academic Performance Testing (CAPT)
science program (Lomask ,Baron & Greig, 1997). Appendix 3 describes and compares
the CAPT program of student assessment and the BEST program for the assessment
of science teachers in Connecticut. As can be seen from this table, the two programs
are aligned to be coherent and promote students' learning of science. More details
about the science teaching portfolio can be found in the publication Handbook for
the Development of a Science Teaching Portfolio (Lomask, 1996).

Evaluation and Scoring of Teachers' Performances

Portfolio-based assessment of science teachers, like other performance-based
assessment programs, usually result in high credibility within the field, but has also
experienced some psychometric challenges. Messick (1994) suggests that the two
major threats to the validity of performance-base assessment are construct
irrelevant variance (measuring something other than the intended knowledge and
skills) and content under-representation (narrow sampling of the measured
domain). To address these concerns a comprehensive, but highly structured
evaluation and scoring framework, was developed.

9
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The assessment process starts with a careful reading of the portfolio by a pair of
trained assessors. The assessors, individually, review the portfolio materials and
organize relevant evidence from the whole portfolio in tables. The tables are
structured around criteria related to the PSTS. For example, the table that is used to
review the daily logs organizes specific evidence related to the conceptual
progression of the unit (Standard II.1), opportunities for students' explorations of
ideas (Standard 1.2 & 11.2) and management of instructional resources (Standards
111.2). Other tables address other standards. In this way only evidence for relevant
performance are recorded and later used for the evaluation process. Based on
evidence organized in the tables from the entire set of portfolio entries, the assessors
answer a series of 12 guiding questions, designed to elicit specific patterns of teaching
performances. The evidence and the identified patterns are then combined
together, to describe how the teacher performs the following three major tasks:

I. Setting appropriate expectations for students' learning
Creating supportive environment for students' science learning
Evaluating students' learning and informing teaching

For each one of the above categories the assessors assign an intermediate score
(on a 1-5 scale), based on evidence collected from all the tables, thus ensuring
representations of all the measured standards. The three intermediate scores are
combined by the two assessors who, together, must discuss and arrive at an agreed-
upon decision about the quality of the overall teacher's performance. A 5-point
rubric that incorporates the language of the professional science teaching standards
serves as a decision guide for the final portfolio score and also as a template for a
performance feedback for the candidates (the general flow of the evaluation and
scoring process is described in Figure 1.) Benchmark portfolios were identified and
they are used to train new portfolio assessors in the structured process of portfolio
evaluation.

It is important to note that the portfolio scoring criteria are described in the
Handbook for the Development of a Science Teaching Portfolio , so that beginning
science teachers and their mentor have the opportunity to share and discuss the
evaluation framework well in advance. In addition, before the submission of the
portfolio, beginning teachers are encouraged to evaluate their own performance, in
the same way it will be evaluated later by state assessors. This provides beginning
teachers with opportunities to self-evaluate the quality of their teaching before they
submit their portfolios for the formal state assessment.
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As of today, three "generations" of beginning science teachers have participated
in the pilot studies of the BEST assessment program. A total of 223 science
portfolios were developed, submitted and scored, and about fifty experienced science
teachers were trained as portfolio assessors or as leaders of support seminars for
beginning science teachers. The program was introduced to staff at the higher
education institutions that prepare science teachers in Connecticut and several of
the programs are already implementing some of the portfolio tasks with their
graduates.
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Figure 1: A model for the evaluation of science teaching portfolios
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Studies Exploring the Validity of the Portfolio-based Science Teacher Assessment

As was described before, the portfolio-based assessment of beginning science
teachers is part of the licensure process of beginning teachers in Connecticut. The
Standards for Educational and Psychological Testing (AERA et al, 1985) state that the
purpose of the licensure testing is to protect the public. In the case of licensing
teachers, "protection of the public" means protecting students and ensuring that
they are given fair opportunities to attain specific educational goals, as defined by
their school curriculum. The licensure assessment of beginning teachers should be
designed to distinguish between those teachers who do and those who do not posses
the knowledge, skills and behaviors believed to be necessary to perform their job
well at the time of entry into the teaching profession. How should performance-
based licensure assessment be validated?

As in other 1i-censure tests, the validity of the teacher licensure program rests on
the appropriateness, meaningfulness, and usefulness of inferences made from test
scores (AERA et al, 1985). These aspects of the program should be judged through a
continuous study of the meaning of the test requirements, the use of test scores
(Messick, 1994, 1995), and the consequences associated with test score interpretations
(Haertel, 1987). Kocher and Tannenbaum (1996), based on review of the literature
about licensure testing, recommend that the validation of licensure testing be based
on content-related studies, with the involvement of subject-matter-experts in all
stages of the test development. The BEST program for science teachers indeed was
developed by expert science educators who participated in all stages of the program,
from the initial development of professional science teaching standards, through
the development of portfolio tasks, to the final setting of scoring criteria and
performance standards. The following sections describe some of the studies
conducted to explore validity-related issues of the BEST portfolio-based licensure
assessment.

Evaluation of the Professional Science Teaching Standards (PSTS)
The PSTS were developed by a group of Connecticut science educators. To evaluate
the quality of these standards and their credibility in the field, the PSTS document
was mailed to one hundred science educators teaching in American universities
(randomly selected from the NARST Directory of Leadership and Members, 1994)
and one hundred local science teachers, randomly selected from the state data base.
The reviewers were asked to use a five-point Likert scale to express their agreement
with statements about the qualities of the standards. Eighty five questionnaires
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(42%) were returned and analyzed. The results (see Table 1) showed that all the
standards were regarded important and appropriate for science teachers, and aligned
with the vision of effective science teaching, as described in the current National
Science Education Standards document (NRC, 1996).

Table 1
Means and standard deviations of rating (N=85) to survey questions
(scale: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree)

Mean & (SD)

Standard
Q1*

Importance
Q2*

Appropriateness

4.42 (0.80)

Q3*
Alignment

4.49 (0.68)I.1 4.85 (0.39)

1.2 4.81 (0.42) 4.42 (0.77) 4.05 (0.94)

I.3 **

11.1 4.84 (0.37) 4.50 (0.76) 4.46 (0.63)

11.2 4.54 (0.61) 4.21 (0.86) 4.05 (0.79)

11.3 4.75 (0.55) 4.48 (0.82) 4.30 (0.74)

fill 4.80 (0.46) 4.40 (0.82) 4.35 (0.81)

111.2 4.81 (0.34) 4.46 (0.77) 4.38 (0.79)

111.3 4.74 (0.47) 4.33 (0.89) 4.36 (0.69)

111.4 4.79 (0.56) 4.47 (0.73) 4.40 (0.75)

IV.1 4.71 (0.61) 4.33 (0.88) 4.40 (0.78)

IV.2 4.68 (0.63) 4.30 (0.95) 4.40 (0.81)

IV.3 4.21 (0.78) 3.79 (0.96) 3.77 (0.91)

Total 4.68 (0.39) 4.25 (0.78) 4.26 (0.51)

* Ql: The standard describes an important aspect of science teaching
Q2: The standard represents appropriate expectations for beginning science teachers
Q3: The standard is aligned with the vision of the National Science Teaching Standards

** S1.3 was added after this survey, based on reviewers" recommendations
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Evaluation of the coherence of the assessment components
Part of the construct validity of performance-based assessments is established
through analyses of the connections among assessment purpose (mastery of
knowledge, skills and behaviors as described in the PSTS, in this case) and the
assessment requirements (the specific portfolio tasks and evaluation framework).
To evaluate the coherence of the assessment system, fifty experienced science
educators were asked to review the complete set of assessment materials (i.e., PSTS
document, the Handbook for the development of a science portfolio, the manual for
portfolio evaluation), and examine the technical quality (i.e., clarity, organization),
and the internal relations among the different components. The reviewers were
asked to use a five-point Likert scale to express their agreement with various
evaluative statements. Thirty-four teachers (68%) completed the review and
answered all questions. Their responses are summarized in Table 2.

Table 2
Means and Standard Deviations of Rating (N=34) Review Questions
(scale: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree)

Review Statements Means and SD

The teaching standards are written in a clear and concise language 4.47 (0.62)

The teaching standards focus on important aspects of science teaching 4.82 (0.59)

The portfolio tasks are written in a clear and concise language 4.76 (0.56)

The portfolio tasks are connected to students' learning goals 4.71 (0.59)

The portfolio tasks represent important teaching activities 4.82 (0.42)

The portfolio assessment tasks reflect the teaching standards 4.72 (0.47)

The portfolio scoring framework reflects the teaching standards 4.86 (0.39)

As can be learned from results presented in Table 2, the assessment documents
were perceived as organized and well written. More importantly, experienced
science teachers, without direct guidance, were able to see the connections between
the professional science teaching standards, the portfolio-based assessment tasks and
the evaluation framework for the science portfolios, which supports the coherence
of the assessment system.

15
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Evaluation of the fairness of portfolio assessment
The concept of fairness in testing has been most closely associated with the process
of assuring that the content, substance, and language used in examination and
examination-related materials are not offensive or inappropriate for the diversity of
minority and /or ethnic groups represented in the candidate population
(Educational Testing Service, 1980). The Standards for Educational and
Psychological Testing (1985) states that test developers should consider the content
and type of assessment in relation to cultural backgrounds and prior experiences of
the variety of ethnic, cultural, age, and gender groups represented in the intended
population of test takers. Bond and Linn (1996) who studied assessment practices of
the National Board for Professional Teaching Standards (NBPTS) extended the
definition of fairness to include both content analysis and relevant empirical data.
To address both aspects of fairness review, two studies have been conducted.

In the first study, conducted by the Professional Examination Service (PES)
department of research and development (Smith and Greenberg, 1996), the review
focused on assessment matters related to the content, language, and access to
resources. A committee of fifteen science subject matter experts (five female, ten
male; seven minorities, nine whites; two higher education, three science
department chairs, three administrators, two beginning teachers, two middle school
teachers, three high school teachers) was convened by the PES. After formal
presentations by PES and CSDE staff, members of the committee reviewed the
materials and unclear issues (e.g., support provided to beginning teachers) were
clarified. Finally, committee members were asked to complete a set of ten fairness
review questions (see Appendix 4) with a yes/no response. Analysis of the rating
indicated that the reviewers strongly supported the fairness of the science portfolio
assessment (93% of members answered with yes to nine out of the ten items. Only
item 6, which deals with issues not related to science teaching, received 60% of yes
responses).

In the second study, conducted by the authors, the review focused on
comparisons of empirical data about actual teachers' performances. For this study
the scores given to 57 beginning science teachers, who participated in a pilot study of
the science portfolio assessment, were analyzed by background factors (i.e., gender of
portfolio developer, school level, subject matter of portfolio, and socioeconomic
status of school community, as determined by the CT Economic Reference Group).
The analyses did not reveal any significant effect of any of these factors on teachers'
portfolio scores (see figures 1 to 4).

16
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Figure 1. Average portfolio score, by gender

Figure 2. Average portfolio score, by school level
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Figure 3. Average portfolio score, by subject matter
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Figure 4. Average portfolio score, by CT Economic Reference Group

The only significant difference between the mean scores of candidate's sub-groups
was between teachers in ERG 5 and teachers in ERG 2. But since the total number of

teachers in each economic group was small (three to nine teachers in each group),
these findings bear no significance. It is important to mention here that the effect of
candidates' race on performance was not explored in this study, since Connecticut
did not have any minority beginning science teachers in the years in which the
study was conducted (the possible reasons for this situation are beyond the scope of
this paper). The findings of this study, which indicate that the portfolio-based
assessment has no adverse impact on any sub-groups of candidates, further support
the fairness-related validity aspect of this assessment.

Internal consistency and reliability of the scoring process
There are different ways to estimate the validity and reliability of assessment scores.
In the case of licensing examinations, the estimation of reliability focuses on the
reliability of licensing decisions that are made by the assessment. The portfolio-
based assessment, which consumes a considerable amount of candidates' and
assessors' time, challenges traditional approaches to the study of reliability, such as
test-retest, or alternate form reliability. To study the internal consistency and the
reliability of the portfolio assessment, two types of score analyses were performed.
In the first analysis, the internal consistency of the assessment was explored by
calculating the correlations among the intermediate scores that were given to
candidates on each of the three evaluation categories (see page 9). Table 3
summarizes the findings which show that scores for the three categories are
moderate to highly correlated, and contributing equally to the final portfolio score.
These results were expected, as the three tasks (planning, teaching and assessment)
are different but are based on similar components of knowledge and skills.

Portfolio-based assessment of science teachers 18
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Table 3
Pearson product correlations among scores for the science portfolio evaluative
categories

Total portfolio
score

Planning
Learning

Facilitating
Learning

Planning 0.86*

Learning
Facilitating 0.84* 0.73*

Learning
Evaluating 0.83* 0.65* 0.66

Learning
* p<0.01

The second analysis focused on the consistency of scores given by different pairs
of assessors. For this study thirty portfolios were scored twice, each scored by two
independent pairs of trained assessors who assigned a final score of 1 to 5 to each
portfolio. Since the science portfolios encompass five different certification areas
(i.e., biology, chemistry, physics, Earth science and general science), and the assessors
were certified and matched to the same subject matter of the evaluated portfolio, ten
different pairs of assessors were needed in this study (each pair scored six portfolios.)
Across all matched pairs, there was exact agreement on the final score for 19 out of
the 30 scored portfolios (63%) and adjacent agreement on the scores for 28 portfolios
(93%). These results were not considered sufficient for establishing consistent
licensure decisions. However, it should be noted that these results were obtained
with a group of science teachers who were trained to be portfolio assessors, but
whose proficiency as scorers were not established. Once the assessment is on line,
and cut off scores established, assessors will not have to identify accurately five
levels of performance, as they did in this study, but rather judge if each portfolio's
performance meets, or does not meet, established performance standard, which
might minimize classification errors and increase reliability. Given the early stages
of portfolio scoring development, this study showed that the established scoring
system is promising, although more work is needed in order to improve the
training of proficient assessors.

19
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Discussion

This paper describes a new, portfolio-based assessment for beginning science
teachers and several studies that were conducted to explore the reliability and
validity of the assessment program. The use of teaching portfolios in education is
not completely new. The Teacher Assessment Project (Collins, 1993) used teaching
portfolios for the assessment of experienced science teachers and found the process
to have high degree of fidelity to teaching and an excellent source of professional
development for the participating teachers. Teaching portfolios are part of the
assessment system for teachers who seek National Board Certification (NBPTS,
1997). Teaching portfolios for beginning mathematics and English language arts
teachers are currently under development and being studied by various INTASC
researchers (Moss et al, 1995). Their studies, like ours, focus on the continuous
exploration of the meaning, interpretations and consequences of this assessment.

Connecticut, however, is the first state to use teaching portfolios as part of
mandated licensure requirements. This aspect challenged us to show that in
addition to its fidelity to the field, and its potential impact on teachers and students,
we can also establish its legal defensibility. Data collected through several studies
demonstrated that the science portfolio-based assessment is credible, contextualized,
coherent, fair and accessible for beginning teachers, thus supporting the content
validity of this assessment. Additional support for the validity of this assessment
comes from its congruence with the state-wide assessment of high school students'
learning of science (Appendix 3.) The two programs, the student assessment and the
teacher assessment, support each other and help to build a coherent, standards-base
system of science education, in which all students have the opportunity to develop
science literacy. The established expert-based scoring system supports the validity of
the assessment and promises to produce reliable scores for future licensure decisions

What do beginning teachers think about this new assessment? Written feedback
from beginning teachers who participated in the pilot studies indicated that the
process of portfolio development is very time consuming for most teachers. In
average, teachers spent forty to sixty hours on data collection, documentation and
reflective writing. But the feedback also indicated that many beginning teachers
considered the process of portfolio development, and the program's support
seminars, as an opportunity for reflection and professional growth. This sentiment
is sincerely expressed by the words of a beginning teacher who volunteered to
participate in one of the pilot studies:
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I selected to participate in the pilot study because it replaced the traditional
assessment by classroom observations. Half way through the process, while I
was writing down daily logs and collecting students' work, I was kicking myself:
Why did I choose to do it? After I've completed the portfolio, I was happy that I
chose it. The portfolio is such an accurate reflection of what you're doing in your
classroom. You can't lie on videotape. You can see if there was any learning in
the classroom, if there was any progress.

There are still several aspects of the program that need to be explored. For
example, the issue of equity is a major challenge for any performance-based
assessment (Linn & Baker, 1996), including this assessment. Differences in the
extent to which schools support the current trends of reform in science education
might affect the level of support that beginning teachers receive in their efforts to
develop and implement new curriculum and instructional methods. To address
this issue, the BEST program offers support seminars to all beginning science
teachers, their school mentors and regional lead science teachers. During these
sessions teachers are engaged in various explorations of the science teaching
standards and are encouraged to find ways to implement them in their own school
context. The support is given during the year and a half that precede the portfolio
development, thus providing teachers with access to information and expertise
needed to perform the portfolio's tasks.

Another issue of concern, which is now under study, is the effect of teachers'
writing ability on their perceived teaching ability. For example, some portfolios,
through the videotaped segments, show science teachers who create an interesting
and challenging learning environment in their classes, engaging students in
thought-provoking problems. The writing of some of these same teachers,
however, is limited and presents a non-reflective type of teaching practice, which
might affect the final score for the whole portfolio. The plans, the description of
activities, the videotapes and student work can all compensate for lack of
articulation, but still this issue deserve a thorough study.

To summarize, the portfolio-based licensure assessment is based on authentic
teaching activities and it models needed school curriculum reform. Through
continuous support and staff development, the program reaches all beginning
science teachers and their school mentors, thus promising to be not only a valid tool
for licensing decisions, but also a lever for the improvement of science instruction
in the state public schools.
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Appendix 1

The Professional Science Teaching Standards

Standard I: Science teachers understand and respect student diversity and
provide all students with opportunities to learn important and challenging science.

I.1 Students' Diversity
Science teachers believe that all students have the potential to learn and be
successful in learning science. They search for science materials and teaching
strategies that encourage students with diverse abilities, interests and backgrounds
to actively participate in the learning of science.

1.2 Students' Learning
Science teachers understand how students' prior knowledge of science affects how
they construct new knowledge. They explore students' thinking, respect their ways
of knowing and strive to facilitate students' confidence in their ability to learn new
concepts, solve problems and make informed decisions.

1.3 Students' Culture
Science teachers understand the cognitive, social and emotional development of
students and how it affects their learning. They familiarize themselves with
students' cultures and encourage students to assume an active and responsible role
in their own learning of science.

Standard II: Science teachers have a thorough understanding of the content
and nature of science and the relationship of science and technology to society.

11.1 Science Nature and Content
Science teachers understand the nature and content of the various science
disciplines. They focus students' learning on the major concepts, theories and
questions of science by engaging them in thoughtful explorations of the physical
world.

11.2 Science Logic and Construction of Knowledge
Science teachers understand the contributions of various forms of scientific
thinking to the practice of science. They create opportunities for students to develop
thinking patterns that are essential for the development of students' independent,
creative and critical reasoning.

11.3 Science Context and Applications
Science teachers understand the significance of scientific literacy for active
participation in a modern society. They create opportunities for students to apply
their knowledge to solve problems, examine science-related issues and construct
informed and carefully reasoned opinions. 25
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Standard III: Science teachers build learning environments that promote rigorous
learning and encourage students to use inquiry and scientific habits of mind.

D1.1 Learning Environment
Science teachers understand how to turn the science classroom into a science
learning community. They create a physically and emotionally safe learning
environment in which teacher and students are free to ask questions, seek
information and validate explanations in various thoughtful, creative and
cooperative ways.

Instructional Resources
Science teachers understand how to manage time, space and resources to support
students' learning. They ensure the availability of materials, equipment and
communication technologies to support students' scientific investigations.

Student Assessment
Science teachers understand how student assessment can support instruction and
strengthens learning. They engage students in thoughtful assessments and provide
them with informative feedback to enhance their ability to become independent
learners.

Reflective Practice
Science teachers understand how to use assessment data to improve teaching and
learning. They continuously gather data and explore patterns of performance in
students' work, in order to improve students' learning and their own teaching.

Standard IV: Science teachers function as members of a larger, professional
learning community.

IV.1 Continual Learning
Science teachers understand that being a teacher means being a scholar of human
learning. They identify their own learning needs and take active steps to strengthen
their knowledge of science and their understanding of students as learners of
science.

IV.2 Collegiality
Science teachers understand that they are part of a community of learners. They
seek the advice of other professionals and they contribute to the quality of their
colleagues' practice and to the work of the larger educational community.

IV.3 Family and Community Outreach
Science teachers understand the significant influence of the larger community on
student learning. They routinely involve families and other members of the
community to best serve the interests of each student.
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Appendix 2:

Summary of the Portfolio Tasks for Beginning Science Teachers

Task What to Do What to Submit

Describe a Unit
of inquiry. Based

Science
Learning

c) Select, adapt or develop a 2-week inquiry-
based learning unit

) Provide relevant information about
students in class

* Describe expected students' learning
during the unit

co Keep a daily log of classroom events and
evaluation of students' learning

Class & Community
Profile form
An introduction, context &
goals to the portfolio unit
Daily logs

Describe
Students'
Science
Explorations

=5 Videotape a lesson in which students are
engaged in a lab- based inquiry, data
collection & interpretation

c) Videotape a lesson in which students learn
to analyze and discuss issues of science,
technology and society

c;) Analyze the quality of students' learning
in these two instructional settings

Videotaped segments of
the lab activity

Videotaped segment of the
STS activity

Commentary about student
learning the lab activity

Commentary about student
learning in the STS activity

Evaluate
Students'
Learning
of Science

') Collect the work that was done by two
students during the entire unit

c Evaluate the learning progress of these
students

* Analyze the effectiveness of your teaching,
based on the learning of students in class

c) Suggest changes that you would make in
your future teaching

Collection of work done by
two students
Detailed evaluation of these
two students' learning
Commentary about your
teaching and the resulting
learning of students in your
class

Evaluate the
Quality of
Your Tea g

, .. ...

* Use the Guidelines for Portfolio Evaluation
to review, evaluate and score your teaching
performance, as it is documented in your
portfolio

Self-evaluation of portfolio
Holistic scoring of your
portfolio
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Appendix 3:

The CAPT science assessment and the BEST's science portfolio tasks

CAPT-Science Components Science Teaching Portfolio Tasks

A written science test'
Assesses students' understanding of
science concepts and their
applications

Design of a learning unit
Unit is focused on students' explorations of
essential science concepts and their
applications.

Analyses of student work
Evaluation is designed to assess and
strengthen students' understanding of
major science concepts and processes.

Lab investigation Open-ended lab activity task
Assesses students' ability to perform Task designed to encourage and strengthen
scientific inquiry students' development of science

inquiry skills

Interdisciplinary task Science-Technology -Society (STS) task
Assesses students' ability to make Designed to engage students in serious
informed decision and write clearly examination of STS issues that require
about Science-Technology- Society application of scientific knowledge and
issues informed decision making
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Appendix 4:
Questions for Fairness Review of Portfolio Assessment Materials

(from Smith & Greenberg, 1996)

1. Are the tasks described in the science portfolio equally familiar to all beginning teachers (e.g.,
consider diversity issues related to gender, race, ethnicity, disability)?
yes( noC1

2. Are the evaluation criteria for the science portfolio tasks equally familiar to all beginning
teachers (e.g., consider diversity issues related to gender, race, ethnicity, disability)?
yes nor]

3. Are the tasks described in the science portfolio free of language and/or content that might
offend any beginning teachers (e.g., consider diversity issues related to gender, race,
ethnicity, disability)?
y es0 nolD

4. Are the tasks described in the science portfolio free of language and/or content which
reinforce stereotype of beginning teachers (e.g., consider diversity issues related to gender,
race, ethnicity, disability)?
yes0 noC)

5. Are the tasks described in the science portfolio and the evaluation criteria equally
appropriate for all beginning teachers within the certification code (i.e., all levels, all grades
of biology, chemistry, physics, earth science , general science)?
yes( no

6. Are all significant components in the teaching /learning process measured by the tasks in the
science portfolio?
yes( no(

7. Do the tasks and evaluation criteria in the science portfolio accommodate different teaching
context (e.g., urban, rural and suburban)?
yes( no0

8. Do the tasks and evaluation criteria in the science portfolio accommodate different
curricula?

yes0 no(
9. Is there access to support structures for beginning teachers to develop the teaching

competencies evaluated in the science portfolio?
yes0 no0

10. Are there provisions to ensure that the resources, materials, and equipment required to
complete the task of portfolio assembly are available to beginning teachers?
yes( nolD
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