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MEETING THE EVIDENTIARY NEEDS OF SCHOOL-
UNIVERSITY CO-RESEARCHERS IMPLEMENTING THE
NEXT GENERATION SCIENCE STANDARDS

The paper highlights the development of a collaborative formative
assessment scoring process in a partnership between an urban university
and one of the nation s largest districts. We explore collaborative research
through the lens of a single formative assessment rubric derived from the
Claims, Evidence, and Reasoning Framework (CER, McNeill & Krajcik,
2011) to guide teachers to meet the instructional demands of enhanced
learning standards through a consensus scoring process. Results suggest
that the formative assessment practices (i.e., using a Next Generation Sci-
ence Standards (NGSS)-informed science rubric to focus collaboration)
reinforced teacher and student learning meaningfully, supporting the en-
hanced instructional demands of the NGSS and providing school and uni-
versity partners with useful data for their distinct purposes.
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opment, Formative Assessment, STEM Education

Introduction

In 2015, the Every Student Succeeds Act (ESSA) was autho-
rized, ending the iteration of the Elementary and Secondary Education Act
known as No Child Left Behind (NCLB). This paper highlights the devel-
opment of collaborative formative assessment as a foundational profes-
sional learning process through a single example, a partnership between
Loyola University and one of the nation’s largest districts, the Chicago
Public Schools (CPS). The Loyola-CPS partnership showcases several
features of NCLB implementation in Illinois intended to build and sustain
capacity for school-level renewal in math, science, or literacy instruction.
Through this case, we examine the statewide, multi-tiered systems of as-
sessment and evaluation that we collaboratively developed and applied as
a shared evaluation philosophy in which formative assessment by teach-
er teams was encouraged. Our evaluation philosophy was fundamentally
shaped by a belief in the collaborative development, refinement, and en-
hancement of assessment and evaluation capacity at the program, project,
and school levels. Overall, our collaborations enabled state-level meta-
evaluators, university partners, educators in schools, and, ultimately, P12
students, to have the evidence they needed to support learning, facilitate
systemic improvements, and provide program- and project-level account-
ability. A chief objective of our efforts was to foster evaluation capacity
systemically (Preskill & Boyle, 2008) that could be sustained at the end of
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NCLB funding. The 2015 ESSA does not use school-university partner-
ships as a policy lever for professional learning, so understanding what
partnerships accomplished in the NCLB years matters to those who still
believe in their promise. It is the multi-tiered approach that drove a state-
wide system of evaluation capacity building showcased in a single proj-
ect that we address here and draw some tentative conclusions about what
our partnerships accomplished. The overarching challenge was the Holy
Grail of professional development evaluation: Can we demonstrate that
student learning resulted from teacher learning?

The paper also documents what we learned about school-univer-
sity collaborative research using common frameworks and tools to meet
the evidentiary needs of partners to support and sustain collaboration fo-
cused at the school level, highlighting the role of models or frameworks
and tools (Leslie, 2011), and protocols (McDonald, et al., 2003) applied
in embedded systems of collaboration, described below. Ideally, tools and
protocols convene partners in “the day-to-day work of improving teaching
and learning” (Bryk, 2009, p. 598). By looking at the partnership through
the lens of formative assessment protocols derived from the Claims, Evi-
dence, Reasoning (CER) Framework (McNeill & Krajcik, 2011), we ex-
plore how teachers and coaches collectively addressed the enhanced in-
structional demands of the Next Generation Science Standards (NGSS)
and how multiple demands for evidence of learning and improvement
were met as a result. Statewide, this and other projects effectively built
collaborative research capacity in two ways: 1) convening university staff
and teachers as institutional partners to promote sustainable collaboration
and 2) using tools and protocols to clarify instructional shifts and make re-
sults visible (Hattie & Yates, 2014). Formative assessment protocols and
tools impose constraints that support group learning (McDonald, 2003)
that are enhanced by ongoing structures and processes focused on instruc-
tional enhancement. The formative assessment process used by teach-
ers and university coaches paired a rubric using the CER Framework and
NGSS Science and Engineering Practices (SEP) with a consensus scoring
process as a research protocol useful for learning how to faithfully imple-
ment the NGSS.

The statewide program began as an iteration of NCLB Title IIA
professional development block grants to state higher education agencies
such as the Illinois Board of Higher Education (IBHE) which developed in
three phases of evaluation enhancement from 2004 to 2017. First, we offer
an overview of the value of frameworks, tools, and protocols used collab-
oratively in exemplary professional learning systems. Second, we describe
the statewide program that supported 34 partnerships in total but ended
with prolonged support to just six to support those efforts that we believed
could be sustained as professional learning systems with urban teachers
whose work in science education is imperative in any system addressing
educational inequities. Third, we characterize the multi-tiered systems of
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alignment and accountability that required development of evaluation at
several levels of analysis. Finally, we explore the case of elementary and
middle grades science teams in several Chicago Public Schools served by
an Improving Teacher Quality (ITQ) partnership with Loyola University’s
Center for Science and Math Education (CSME). The case supports the
use of frameworks, tools, and protocols that situate the instructional shifts
required by enhanced learning standards like the NGSS in collaborative
adult professional learning spaces capable of improving instruction, as-
sessment of learning, and program/project evaluation. We conclude by sit-
uating the case in the statewide evaluation system as an example of meet-
ing the evidentiary needs of multiple partners, including the funder.

Professional Learning in Science Education

There is a consensus about professional development (PD) in sci-
ence, much of which comes from the Eisenhower grants’ official reports
and evaluations which provide an overview of what exemplary science
PD looks like (Garet, Porter, Desimone, Birman, & Yoon, 2001). These
exemplary practices do not differ dramatically from the general consensus
about PD (Darling- Hammond, et. al., 2009; Hargreaves & Fullan, 2012;
Hawley & Valli, 1999; Wei, et. al., 2010). One framework used in Illinois
ITQ captures this consensus succinctly as exemplary professional learn-
ing includes: a) a content focus; b) active learning; ¢) coherence; d) du-
ration; and e) collective participation (Desimone, 2009, p. 185). Further
investigation into science education highlights the importance of pedagog-
ical content knowledge (Bausmith & Barry, 2011; Magnusson, Krajcik, &
Borko, 1999; Shulman, 1987) that allows content-focused teachers to en-
gage students’ understanding as a critical feature of science content ped-
agogy. Exemplary professional learning “incorporate(s) analysis of stu-
dent conceptual understandings and implications for instruction” (Heller,
et al., 2012, p. 333), in formative assessment of student work analyzed
for the inevitable science misconceptions and variations in the develop-
ment of science concepts (Heller et al., 2012). The significance of for-
mative assessment writ large is also well-established (Black & Wiliam,
2001; Hattie & Yates, 2014; Wiliam, 2018), particularly where “formative
assessment involves individual and mutual participatory appropriation of
learning products” (Ash & Levitt, 2003, p. 23) as when teachers and/or
teachers and students analyze products collaboratively and engage one an-
other in ambitious teaching and learning of the sort the NGSS requires.
In these cases, teacher and student science learning is assumed to be both
socially constructed and cognitively mediated (Ash & Levitt, 2003), re-
quiring collaboration focused on “learning products” with analytical tools
that support and sustain ongoing learning, particularly where challenging
or counterintuitive concepts drive instruction. But where professional de-
velopment lacks specific tools to support mentoring, feedback may be in-
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sufficient to support teachers’ science learning (Zubrowski, 2007). Often
the work is supported by a specific framework such as the Five Es (Bybee,
1997) or the CER Framework in the present study and tools like: a) rubrics
(Koh, 2011) when the rubrics are instructionally useful and can demon-
strate educational impacts (Popham, 1997) and b) collaboration protocols
that support professional learning by imposing constraints on conversa-
tions to make them more productive (McDonald & Allen, 2017; McDon-
ald, 2003). Calls for specificity in use of professional learning tools in-
clude those that: a) designate “a system of tools and socioprofessional
routines that foster (ambitious) teaching over time” (Windschitl, et. al.,
2012, p. 880); b) limit variations in practice into an accepted instructional
core that is socially- mediated and part of organizational culture (City, El-
more, Fiarman, & Teitel, 2009); and c) address science (meta-) cognitions
by teachers and students and place student (mis)understandings at the cen-
ter of instruction and assessment (Heller, et. al., 2012). Tools, like rubrics,
protocols, shared academic language, and key frameworks, support teach-
ers to penetrate students’ misunderstandings to shape practice and ensure
that ambitious science instruction results in enhanced student achieve-
ment. Tools support shifts in school-wide and classroom-level discourse
that allow science concepts to be developed with co-constructed tools hav-
ing more influence than imposed ones (Smith & Southerland, 2007), and
systems that allow teachers to make their own accommodations to assess-
ment practice are stronger supports for science education reform generally
(Towndrow, Tan, Yung, & Cohen, 2010). The present study does this: al-
lows for a framework and tools to support professional learning in science
focused on conceptual understanding and integration of key NGSS con-
cepts and practices in use by teachers collaboratively examining student
work for sophistication of understanding.

Background

In 2003, the Center for the Study of Education Policy (CSEP) at
Illinois State University audited the grant evaluation practices of all grants
managed by the Illinois Board of Higher Education (IBHE). We found that
only 40% of grants even submitted evaluations, a clear indication of just
how ineffective their evaluation system was. Of that 40%, few had used
evidence that supported claims about the grants. One outcome of that au-
dit assigned CSEP to apply their audit recommendations for program-wide
evaluations to the new NCLB federal block grants. The CSEP team then
served as evaluation consultants and meta-evaluators from 2004-2017.
The meta- evaluator role was novel and asserted that the IBHE should be
intentional about the sustainability of grant achievements by enhancing
evaluation capacity as an element of a comprehensive evaluation philoso-
phy, described in more detail below in three phases. This implied a sys-
tems approach that embedded a set of evaluation practices at each unit of
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analysis: a) the statewide program meta-evaluation that resulted in policy
shifts in three-to-four year cycles; b) each partnership between a college
or university and schools/school districts; c) the school level where teach-
ers could use formative and summative findings collaboratively to sup-
port significant instructional shifts; and 4) ideally, evaluation enhanced
each school’s ability to inform student learning by engaging students in
enhanced assessment. While a philosophy of evaluation was embedded
in policy design and requirements, no specific data sources were ever re-
quired. Instead, the statewide projects and the meta-evaluation team col-
laborated to create an evaluation infrastructure for mutual support and
accountability. In turn, each project worked with teachers to develop evi-
dentiary sources and the tools to gather that evidence in a dynamic system
of evaluation improvement embodied in annual cycles of policy enhance-
ment by the IBHE, described below. Ordinarily this approach resulted in a
major policy enhancement every three years that resulted from the collec-
tive learning of CSEP meta-evaluators, project directors in every corner of
the state, and school-based educators working as partners.

The Illinois Improving Teacher Quality (ITQ) Grant: Three Phases of
Evaluation Enhancement

In this section, we describe the 13-year Illinois Improving Teach-
er Quality (ITQ) State Personnel Development Grant through which the
IBHE sponsored 34 school-university professional development partner-
ships. In that 13 years, the CSEP team served as evaluation consultants
and meta-evaluators of the IBHE NCLB grant portfolio, in three major
phases extending from 2004 until 2017 when the final ITQ requirements
were fulfilled. As previously stated, project level evaluations were nev-
er prescribed for the school-university partners. Rather, each project ex-
plored its own evidentiary needs and developed capacity to gather and
use data about student learning and the effectiveness of each school-level
program. In one sense, this was the opportunity to allow projects within
a grant-funded program to develop their own assessment and evaluation
approaches, given the shifting policy emphasis from high stakes tests to
random clinical trials since NCLB. Although NCLB occurred within an
increasingly high-stakes-test- oriented policy environment, in 2004 there
was yet to be an insistence on a “gold standard” that mandates random
clinical trials while relegating more classroom-based, locally developed
formative approaches to a lower tier status (Vogt, et al., 2011), despite
evidence of their utility to support instructional shifts and collaboration.
Overall, we conceived our work as enhancing two key features of ITQ
projects: 1) alignment with exemplary professional learning practices and
2) accountability through evaluation and the development of evidentiary
sources. Sustainability was the goal for both alignment and accountabil-
ity mandates.
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In Phase 1 (2004-2006), ITQ grants were widely awarded with
few requirements, other than an annual project evaluation and a compact
between a school or district and a college or university. This phase result-
ed in tightened alignment requirements, including key features now wide-
ly recognized: professional learning is never a once-and-done but must
be job-embedded with opportunities for ongoing collaborative learning at
a unit of analysis beyond the individual teacher as a school-wide profes-
sional learning system (Loucks-Horsley, Stiles, Mundry, Love, & Hews-
on, 2010; Garet, et. al., 2001). This phase ended in 2006 when CSEP took
a much more proactive role, working more directly with partnership proj-
ects, traveling the state for school site visits to explore how effectively the
projects were serving schools. The school continued to be the unit of anal-
ysis given that collaborative teacher learning, exemplary as professional
development, was how we envisioned the program’s sustainability after
NCLB funds evaporated. In the Loyola-CPS case, alignment was a given
within a multi-tiered system of district- and school-level supports that lev-
eraged funds from multiple grants and the support of many science edu-
cators, but the formative assessments that we describe below were yet to
be envisioned.

In Phase II (2006-2010), ITQ meta-evaluators required compli-
ance with exemplary practices in professional development (i.e., increased
alignment) and enhancements to project evaluations (i.e., increased ac-
countability) but did so without dictating particulars to encourage lo-
cal formative assessments in which project partners had a stake. In this
phase, many projects were non-renewed if they failed to design for ongo-
ing collaboration, use of student learning evidence from the classroom,
and school-level capacity building. A key moment in this phase commit-
ted the state to program theory evaluation. Program theory asserts that any
program, project, initiative, or intervention has an explicit or tacit theo-
ry of action or change. An evaluation is an opportunity to test the theory
(Chen, 2015; Weiss, 1997; 2000). This requirement was a watershed mo-
ment for ITQ. This provided project directors with an opportunity to re-
consider project design to implement a project with a fully developed the-
ory that required attention to school- level arrangements (alignment) as
well as ways to gather and analyze evidence of teacher and student learn-
ing to test the program theory (accountability). In the case partnership be-
tween CMSE and CPS, project designers responded with an increased em-
phasis on alignment and coaching teachers on site. Loyola designers were
also among the first in ITQ to use logic modeling, starting late in Phase |
as we were developing this evaluation policy enhancement as an effective
tool for laying out the parameters of the program and connecting them to
the best evaluatory mechanisms to test the program theory in a cycle of
continuous improvement.

In Phase III (2010-2017), enhanced standards (i.e., Common Core
State Standards and the Next Generation Science Standards) increased the
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policy demands to build evaluation capacity through a program theory ap-
proach for planning and guiding evaluation. This proved challenging for
many projects, although Loyola embraced the challenge and continued
to envision their multi- tiered system interactively as a program theory,
demonstrated in annual evaluations. This period saw a winnowing of proj-
ects that were not in compliance with the sustainability vision for align-
ment and/or accountability with only six projects remaining. In 2016, the
meta-evaluators assembled a list of ten final deliverables which placed
heavy emphasis on sustainability through collaborative formative assess-
ment as the final policy iteration from the IBHE (see Appendix A). Fi-
nally, in 2017, projects were shaped by ongoing collaboration between
projects and meta- evaluators for the final phases of alignment and ac-
countability. Alignment required matching an Illinois initiative for Profes-
sional Learning Communities (PLCs). Accountability enhancements in-
cluded initiatives focused on formative assessment and action research
by teacher teams. Always focused on sustainability, the IBHE asked proj-
ect directors to use the final funding to ensure that schools had what they
needed for continuing alignment and accountability post-ITQ. Ultimately,
the meta-evaluation team sought to connect teacher professional learning
systems and evidence of student learning. This would be impossible with-
out teachers finding useful tools and protocols to use in professional learn-
ing structures like PLCs with appropriate evidence that students learned
to standards. In the case of the Loyola-CPS partnership, the NGSS con-
tinued to provide an impetus for increased alignment and accountability
as these standards require profound instructional shifts. Formative assess-
ments that used the CER Framework and incorporated the Science and En-
gineering Practices (SEPs) served as the basis of tool and protocol creation
and application, explored below.

Loyola University’s Center for Science and Math Education (CSME)
and Elementary/Middle-Level Science in Chicago

Within the featured project, the characteristics of the final phase
of ITQ for alignment and accountability can be showcased by consider-
ing any of the final six ITQ projects funded in Phase III. In the case under
consideration, the Loyola Center for Science and Mathematics Education
(CSME) and Chicago Public School (CPS) partners were already very fo-
cused on many of the goals/levers that IBHE had espoused over the years
when the Ten Deliverables were issued in 2016 (see Appendix A). Over-
all, these ten, collapsed here to five of particular import to the CSME- CPS
partnerships, included key features of high leverage instructional practic-
es: 1) high quality science instruction applying curriculum, instruction,
and assessment as the key constituents of content pedagogical knowledge;
2) standards-based alignment of that instruction to include, in this case,
Science and Engineering Practices; 3) high quality professional learning
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systems focused on each school (alignment); 4) assessment and evaluation
well-designed to test the CSME program theory, connecting how teach-
er learning affected student outcomes (accountability); and 5) leveraging
multiple grants using the IBHE philosophy to sustain not only exemplary
practice but also to leverage alternative funding. The CSME team of sci-
entists, professional development designers, instructional coaches (all for-
mer classroom teachers), and educational researchers/evaluators designed
and facilitated professional learning focused on middle grades science
teachers originally, but by the final project year was serving science edu-
cators from K-8, the elementary/middle-level configuration in most Chi-
cago Public Schools.

As part of their focus on IBHE’s meta-evaluation and 7en Deliv-
erables, two are highlighted in the present case: 1) #2. Documentation
of a research-based assessment system designed and executed to collect
and analyze student learning outcomes at the classroom and school levels
and 2) #5. Documentation of collaborative formative assessment cycles
that strategically reengage students on a daily basis as insights about stu-
dent learning are used to reengage with specific intentions. In response,
Loyola University Chicago’s Center for Science and Mathematics Educa-
tion (CSME) developed a formative assessment project designed to create
and evaluate formative assessment tools and protocols for science teachers
in elementary school and middle school, based on the NGSS. This project
took place over two years, with Year 1 as a pilot year for rolling out the
specific tools and processes that were utilized to generate the data in Year
2 that will be discussed in detail below.

In Year 1, 23 teachers from 11 schools participated in four Profes-
sional Learning Community (PLC) sessions over the course of academic
year 2015-16. The schools participating in Year 1 had student populations
that were predominantly Latiné (> 95% of students) and predominant-
ly low income (> 95 % of students received free/reduced lunch). Across
the PLC sessions teachers were introduced to instructional strategies that
were aligned with NGSS Science and Engineering Practices (SEPs) 6 and
7. One such strategy was the Claims, Evidence, and Reasoning (CER)
Framework (McNeill & Krajcik, 2011) that can be used to help students
engage with those SEPs. The CSME team designed a rubric based on the
CER framework and developed a process informed by the Bear Assess-
ment System (Sloane & Wilson, 2000) and the Tuning Protocol (MacDon-
ald & Allen, 2017) to help teachers collaborate with each other to look
at student work. Based on teacher feedback and evaluator input, both the
rubric and the process were refined in Year 2. The design of the rubric is
such that scores for Claims, for Evidence, and for Reasoning are assigned
separately. This makes the rubric usable across grades K-8; for grades K-5
only the Claims and Evidence scores should be used, since according to
the NGSS, the expectation for reasoning is not developmentally appropri-
ate until the 6-8 grade band. All data presented below are from Year 2 (the
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2016-17 academic year), utilizing the rubric shown in Appendix B.

In Year 2, the 31 teachers who participated in the project for the
duration of the school year were from 12 Chicago Public Schools (CPS);
ten serving students in grades K-8, one school serving students in grades
K-5, and one school serving students in grades 6-8. Demographics of the
participating schools were comprised of primarily low-income, Latiné
youth (11 schools) and African-American youth (one school). There were
ten teachers from the K-2 grade band, ten teachers from the 3-5 grade
band, and 11 teachers from the 6-8 grade band. Schools were selected for
participation in the project based on their administrators’ willingness to
support the project’s goals. Schools’ prior partnership/participation with
CSME ranged from four to ten or more years; therefore, the majority of
participating schools had prior exposure to the overall ITQ goal of im-
plementing high quality standards-based instruction. The schools had a
strong desire to participate in the project’s goals for the 2016-2017 school
year. However, only six of the 31 teachers had participated in the Year 1
pilot project.

In Year 2, the rubric was introduced to the teachers during quar-
terly PLC sessions provided in the 2016-2017 school year. At PLC 1, the
teachers were introduced to the rubric, and they engaged with the rubric by
scoring student work samples provided by CSME. Teachers first watched
a video (https://youtu.be/E4eWY g3jrf8) that was made during Year 1,
which showed the teachers using the rubric and additional scoring tools
during the process of coming to consensus, in order for them to see how
teachers engage in collaborative, evidence-based discussions. The scor-
ing process involved teachers individually scoring the student work sam-
ples with the CER rubric and then sharing the scores they assigned using
samples with groups of 3-5 teachers at similar grade levels. The teacher
groups then discussed the samples and the scores they assigned them, and
achieved group consensus on the scoring of the student work samples. Af-
ter this practice round of applying the rubric, teachers were asked to select
appropriate upcoming lessons for their own classes that would be assessed
using the rubric.

At PLC 2 (Time 1) each teacher brought four representative sam-
ples of their students’ work (i.e., samples that represented a range of stu-
dent performance in the teacher’s class). These scores were referred to as
Original Scores (see Table 1 for more information). A group of 3-5 teach-
ers then individually scored these work samples using the formative as-
sessment rubric. These scores were referred to as Second Scores. Finally,
the group discussed their individual scores to work towards consensus.
These scores were referred to as Consensus Scores. In addition to the four
samples they brought to PLC 2, teachers were asked to use the rubric to
score all of their students’ work for the assignment.

At PLC 3, teachers were provided formative feedback strategies
that were linked to the rubric and could be used to formatively instruct/re-
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engage their students. These strategies included working with students in
small groups to design models that accounted for the evidence that they
collected during their investigations. Teachers also worked with CSME
staff to select an appropriate activity for the next round of scoring.

At PLC 4 (Time 2), teachers scored a second round of student
work samples using a similar process as in PLC 2 but based on a different
scientific investigation.

Table 1

Data Labels and Descriptions

Label Description
Original Scores Scores provided by teachers of their own students’ work
Second Scores Scores provided by teachers of other teachers’ students’ work

Consensus Scores  Scores provided by teachers of other teachers’ students” work —
achieved through consensus of 3-5 teachers

For Original Scores, 26 teachers individually scored their own
students’ (n = 628) work samples using the rubric during Time Point 1.
Seven teachers individually scored their own students’ (n = 135) work
samples using the rubric during Time Point 2 (see Table 2). For Consensus
Scores, 24 teachers provided their student work samples (n = 93) during
Time Point 1. Twenty-seven teachers provided their student work samples
(n = 108) during Time Point 2. These samples were scored first individu-
ally then scored collaboratively. Twenty of the teachers from Round 1 also
provided student samples in Round 2 (see Table 3).

Table 2

Original Scores

# of student work samples (# of teachers)
Time 1 (Jan) 628 (26)
Time 2 (June) 135 (7)
Total 763
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Table 3

Consensus Scores

# of student work samples (# of teachers)
Time 1 (Jan) 93 (24)
Time 2 (June) 108 (27)
Total 201

Data Analysis

Evidence of impact of the process on teacher knowledge and
skills. One way to examine this is to compare the scores achieved by con-
sensus [Consensus Scores] to the scores achieved by teachers scoring oth-
er students’ work [Second Scores]. In Year 1, we saw the greatest dif-
ference between Consensus Scores and Second Scores were observed at
Time Point 2. This could be reflective of the teachers grappling more deep-
ly with the rubric at Time Point 2 that they did at Time Point 1, and the
growth of teachers’ understanding of what constitutes evidence of their
students’ grasp of Claim, Evidence, and Reasoning. Conversely, in Year
2 there was little variability between the Consensus Scores and Second
Scores at either Time Point. This is not surprising because some of the
teachers in Year 1 of the project also participated in Year 2 of the project,
thus the group as a whole had a greater familiarity with the rubric. Addi-
tionally, all of the participating teachers in Year 2 had access to instruc-
tional coaches and during coaching visits, coaches had also helped some
teachers become more familiar with the rubric by walking through an ex-
ample with them, scoring sample work together, and discussing their rea-
soning. They also helped teachers improve their ability to identify relevant
tasks for formative assessment.

In Year 2 there was some variability in the Reasoning Consen-
sus Scores on the rubric in both Time Point 1 and Time Point 2. This is
not surprising because the Reasoning dimension of the rubric requires the
most cognitive demand, which may lead to varying interpretations of this
dimension by teachers (and students). It is also significant to note that
throughout this process teachers were permitted to change their Second
Scores after discussing their scores with other teachers. This may have in-
fluenced the Second Scores and made them less heterogeneous and more
similar to the Consensus Scores. Approximately 10-20 percent of original
Second Scores were changed post the consensus process. (see Table 4).
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Table 4

Difference Between Second Scores and Consensus Scores

Mean of Number of
Mean of second scores  Number of consensus  consensus

Rubric dimension (standard deviation) second scores scores scores
Claim time 1 2.40 (.741) 93 2.41(.967) 88
Evidence time 1 2.02 (.740) 85 2.00(.883) 78
Reasoning time 1 1.60 (.746) 47 1.50 (.987) 40

Claim time 2 2.58 (.630) 108 2.61(.748) 105
Evidence time 2 2.06 (.823) 84 2.02(.892) 104
Reasoning time 2 1.49 (.919) 64 1.56 (974) 64

Rubric Scales: Claim, 0 = not evidence, 1 = emerging, 3 = proficient; Evidence and Rea-
soning, 0 = not evident, 1 = emerging, 2 = intermediate, 3 = proficient.

Evidence of reliability of teachers’ individual scores of their
students’ work. There was no significant difference between teachers’
scores of their own students’ work and teachers’ scores of other students’
work. This suggests that teachers’ individual scores of their student’s work
were not influenced by the teachers’ bias to overrate or underrate their stu-
dents’ performance [see Table 5].

Table 5

Difference Between Second Scores and Consensus Scores

Mean of Number of
Mean of second scores  Number of consensus  consensus
Rubric dimension (standard deviation) second scores scores scores
Claim time 1 2.28 (.954) 80 2.39(.741) 80
Evidence time 1~ 2.12 (.923) 76 2.05(.752) 76
Reasoning time 1 1.71 (.750) 41 1.62 (.728) 41
Claim time 2 2.70 (.873) 20 2.60 (.718) 20
Evidence time 2 2.33 (.985) 12 2.25(.905) 12
Reasoning time 2 1.69 (.873) 16 1.61 (.810) 16

Rubric Scales: Claim, 0 = not evidence, 1 = emerging, 3 = proficient; Evidence and Rea-
soning, 0 = not evident, 1 = emerging, 2 = intermediate, 3 = proficient.

Evidence of impact of the process on student performance. Teach-
er’s individual scores of their own student work [Original Scores] were
examined at both Time Points in order to measure student growth. In Year
2, the data collection process included the four student samples used in
the consensus process and scores on the assignment from the teachers’
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entire class (one whole class data-set per teacher). A paired sample t-test
was run between the original scores on the Claim, Evidence, and Reason-
ing dimensions of the rubric. The pairing was accomplished as follows:
Teachers’ four student samples were coded and matched for both time
points; however, classroom data was not coded. Therefore, although the
data was collected from the same classes, it is possible that not all the data
are paired samples (e.g., students that leave mid-year or join mid-year).
Students performed significantly better at Time Point 2 when compared to
Time Point 1 on all dimensions of the rubric [p<0.01]. This suggests that
students improved in their performance on the CER framework through-
out the school year [see Table 6].

Table 6

Change in Student Performance

Number Number
Mean of original ~ of original Mean of original of origi-
Rubric scores (standard  scores scores (standard nal scores
dimension deviation) point 1  point 1 deviation) point 1~ point 2 p<.05
Claim 2.10 (1.042) 115 2.45 (.881) 115 .003
Evidence  1.77 (.879) 115 2.07 (.956) 115 .006
Reasoning 1.60 (.746) 47 1.50 (.987) 40

Rubric Scales: Claim, 0 = not evidence, 1 = emerging, 3 = proficient; Evidence and Rea-
soning, 0 = not evident, 1 = emerging, 2 = intermediate, 3 = proficient.

Re-engagement and sustainability. Beyond student growth
there is some evidence that the formative assessment project showed sus-
tainability and evidence of re-engagement. Re- engagement can be ex-
amined from multiple perspectives: coach-teacher, teacher-teacher, and
teacher-student.

The very nature of the formative assessment project enhanced
teacher use of re- engagement strategies with their students. (Re-engage-
ment, like collaborative formative assessment, is one of the 7en Deliver-
ables). Teachers introduced their students to the CER framework in the
beginning of the school year, and then re-engaged them in the same pro-
cess later in the school year. Additionally, the project’s coaches provided
strategies to help guide teachers in the re-engagement process. One exam-
ple of formative feedback integrated in the project was in PLC 3 when the
coaches had the teachers look at a work sample assessed using the rubric.
The teachers were asked to determine whether the task engaged the stu-
dent in SEPs 6 and 7. Additionally, throughout the PLC sessions coaches
incorporated examples of developmentally appropriate responses with re-
gard to the reasoning dimension.

Of the 12 schools, seven included the formative assessment pro-
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cess in their vertical team meetings, as evidenced by verbal confirmation
from the coaches or from the vertical team meetings agenda notes. For ex-
ample, one school’s vertical team meeting agenda reported a goal of the
meeting was to deepen the teachers’ understanding of the three dimensions
of NGSS. Two of the activities during the meeting included reviewing the
CER framework and SEPs 6 and 7 and looking at student work while us-
ing the CER rubric. During vertical team meetings at the same school,
teachers were asked to reflect on how the CER framework supports stu-
dents in learning SEPs 6 and 7.

Discussion

When different approaches to supporting pedagogical content
knowledge are examined as they have been in the Loyola-CPS partner-
ship, trends emerge that link instruction to professional development ac-
tivities that are intentional about the particulars of science education and
the need for supporting teachers to understand both content in general
and students’ understandings of key science concepts in particular. In the
statewide ITQ project, meta-evaluators, project directors, university-based
staff, school-based educators, and eventually students were intended to
come together under a regime of enhanced learning standards to employ
exemplary practices in professional learning and find ways to link teacher
and student learning. In this schema, both alignment of professional learn-
ing practices based on content pedagogical knowledge and ongoing, sup-
ported collaboration and accountability to all stakeholders, including fed-
eral funders, could be addressed.

The IBHE and its consultant/meta-evaluators intended program
theory applied flexibly to test professional learning designs (alignment)
and evaluation processes and structures that would eventually allow the
statewide program and each project to make claims that professional
learning arrangements indeed improved student learning outcomes (ac-
countability). This did not mean applying the so-called “gold standard”
of causal proof using experimental designs, but rather applying program
theory in which clarity in making connections between project activities
and a rich set of triangulated evidentiary sources through a design logic al-
lows projects to make credible claims for both teacher and student learn-
ing (Weiss, 1997). In this approach, program leaders and project designers
can surface tacit assumptions about how the project will work, test them,
and answer multiple design questions, “not only the what of program out-
comes but also the how and the why” (Weiss, 2000, p. 35). Only in this
way can sustainability be ensured as continuous improvement is only pos-
sible with evidence that answers core questions in real time and in authen-
tic contexts of practice. In addition, the statewide approach to evaluation
encouraged a collaborative, multi-tiered systems of collaboration intended
to provide evidence of learning to everyone, from federal funders to stu-
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dents who need evidence that engages them to take responsibility for their
own learning to high standards like the NGSS.

These features of alignment and accountability are evident in the
Loyola CSME-CPS partnership, particularly when we look at the applica-
tion of program theory and the evidentiary sources available to meet the
needs of each of the statewide program’s core constituents. In terms of
alignment, of the 7en Deliverables (Appendix A), the Loyola-CPS science
education project was a leader among the final six ITQ projects, fulfilling
all the alignment policies the IBHE mandated to reinforce teachers’ sci-
ence pedagogical content knowledge, including the school- based nature
of sustainable collaborations and an emphasis on formative assessment to
link teacher and student learning in cycles of ongoing improvements. In
terms of accountability, the connections drawn between key project fea-
tures, in this case the CER Framework used as a rubric and a protocol for
collaboration linked to intended learning outcomes for teachers and stu-
dents. These connections are not loose but rather make plain what teach-
ers learned because they had a tool within a strong conceptual frame and
were allowed to use it in variety of collaborative learning contexts. In the
findings above, teacher learning was documented, and that learning was
not superficial. It engaged teachers in really looking at science concepts
and how well students understood them. In this way, the value of teacher
teams, professional development training on the tool, and the interven-
tion of expert coaches was verified in the results that demonstrate that the
tool and processes helped teachers acquire key content pedagogical skills
through formative assessment, enough so that they were able to re-engage
their students. This is crucial because formative assessment that can speak
to science at the level of students learning theory (science) and how to ap-
ply it (engineering) because their teachers understand underlying concepts
and can see when learning is made visible how to intervene to support stu-
dents to make meanings from scientific phenomenon and imagine applica-
tions as the NGSS envisions.

Education policy at the national level has shifted and become
much less open to formative assessments with the features of the Illinois
ITQ program and the Loyola CSME-CPS collaborators own designs for
formative assessment and evaluation. For one thing, partnerships are no
longer encouraged and are, arguably, discouraged with universities hav-
ing diminished status as partners for professional learning, even though it
is difficult to imagine science education advancing without the support of
universities. Formative assessment too is discredited in favor of the “gold
standard” of experimental design, even though this is very difficult for
teachers to do collaboratively in schools, the unit of analysis wherein we
believe the possibility of sustainable instructional shifts are most likely
to take root. This case study offers some advice for how to work locally
in authentic ways with tools and frameworks that engage us all in deep-
er learning of the sort that real reform of science education will require.
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Grassroots sustainability is still possible if we hold to what we know about
professional learning (alignment) and evaluation capable of testing our
unexamined theories (accountability).
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APPENDIX A: Ten Deliverables for the Final ITQ Funding Cycle
(2016-17)

(From the 2016-17 Renewal Application,
[llinois Board of Higher Education)

Final 2016-2017 deliverables will include the following, and suc-
cessful proposals will document with specific evidence how each of these
deliverables will be achieved in every partner school. This documentation
with evidence requires appropriate analysis and specification of implica-
tions and recommendations for each school.

1) Documentation of a school-wide system of continuous improve-
ment that builds capacity to assure cumulative improvements in
teacher and student learning that includes evidence of a demon-
strable commitment to building or enhancing such a system by
committed school principals;

2) Documentation of a research-based assessment system designed
and executed to collect and analyze student learning outcomes at
the classroom and school levels;

3) Documentation of partners’ participation in systematic cycles of
planning, doing, and reviewing as they examine all aspects of cur-
riculum, instruction, and assessment that contribute to enhanced
student learning;

4) Documentation of multiple iterations of cyclical continuous im-
provement through assessment, using ITQ tools, indicators, and
findings as vehicles of teacher learning understood as essential to
boost student learning to achieve enhanced standards at the level of
teams and school-wide;
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5) Documentation of collaborative formative assessment cycles that
strategically reengage students on a daily basis as insights about
student learning are used to reengage with specific intentions. Re-
engagement then becomes an evidentiary consideration at the team
and school levels;

6) Documentation of distributed leadership in a standards-based im-
provement model mediated principally by teachers in two spheres
of continuous improvement: 1) classroom engagements and 2) the
collaborative world of selecting, defining, and solving problems
with colleagues, coaches, principals and other leaders;

7) Documentation of assessing, planning, and implementing collab-
orative professional learning systems that include university staff
and faculty to meet the specifications of the new RFP;

8) An Executive Summary providing context for the school cases as
an overview of the means and mechanisms intended to ensure sus-
tainability and institutionalization;

9) Full descriptions of virtual or other means to continue partnership
relationships; and

10) Dissemination of documented local systems of learning and ongo-
ing improvement with developed implications as a host or co-host
of a conference or meeting, emphasizing local and regional venues
including but not limited to ROEs, university-based regional con-
ferences and workshops, statewide content area venues, and others
that allow for other Illinois projects, educators, schools, districts,
and universities to benefit.
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APPENDIX B: CER Framework Rubric

Example: Students articulate a statement that relates the given phenomenon to a scien-
tific idea, including that the speed of a given object is related to the energy of the object
(NGSS Evidence Statement, 4-PS3-1)

Not
Evident = Emerging Intermediate ~ Proficient
0) ) 2 3)
Articulat- Does not Makes an inac- Makes an accurate
ing the attempt  curate and/or and complete
relationship to make  incomplete claim. claim. “The
to phenomena aclaim.  “Some objects faster an object is
(Claim) Stu- have more energy moving, the more
dents articulate than others.” energy it has.”
a statement that “All objects have
relates the given the same amount
phenomenon to of energy.”
a scientific idea.
Evidence Does not Evidence is Evidence is Every piece of
Students identi- describe  described, but it described and  evidence described
fy and describe  evidence. either does not some (but not  supports the claim.
the evidence support the claim  all) pieces “In our investiga-
necessary for or is inaccurate. support the tion, we had one
supporting the “The gong made claim. fast ball and one
claim sound when the “The gong slow ball. The
ball hit it.” made the gong made a loud
“The gong made loudest sound  sound when it was
no sound when the when it got hit hit with the fast
ball hit it.” with the fast-  ball. The gong
est ball. The made a softer
ball bounced  sound when it was
off and rolled  hit with the slow
away.” ball.”
Reasoning and Does not Reasoning does Reasoning is ~ Reasoning is
Synthesis provide  not scientifically scientific and  scientific and logi-
Students use reason-  or logically sup- logical butis  cal and connects
reasoning to ing. port the claim. incomplete or  all evidence to the
describe why or “The faster ball does not con-  claim.
how their evi- had less energy.”  nect evidence “The faster ball

dence supports

“I know the faster

to the claim.

made a louder

their claim. ball had more “The faster sound because it
energy because of  ball hit the transferred more
baseball.” gong harder.”  energy to the gong.
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Faster objects have
more energy than
slower objects.”
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