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ABSTRACT

For the last decade or so there has been a huge push to incorporate best practice into the classroom.

For science, this includes bringing effective inquiry-based instruction into all classrooms as a means to
engage the learner. However, all inquiry instruction is not equal in terms of improving student achievement
and conceptual development. This chapter explores how four critical constructs to learning (curriculum,

instruction, discourse, and assessment) can be effectively measured and then used to guide more effective
instructional practice. The Electronic Quality of Inquiry Protocol (EQUIP) is an instrument that can be
used to measure and then to frame the discussion regarding the quality of inquiry-based instructional
practice. Specifically, this chapter provides an overview of EQUIP, details the reliability and validity of
EQUIP, shares a sample lesson that is analyzed using EQUIP, explores ways that EQUIP can help with
teacher transformation relative to inquiry instruction, and addresses the relationship of EQUIP scores
and student achievement data. There is a very high correlation between teacher performance on EQUIP
and the ensuing student growth noted during an academic year.
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MEASURING AND FACILITATING
HIGHLY EFFECTIVE INQUIRY-BASED
TEACHING AND LEARNING IN
SCIENCE CLASSROOMS

Bringing high-quality inquiry-based instructional
practice into science classrooms has continued
to be central to reform efforts for the last several
decades (Bransford, Brown, & Cocking, 2000;
National Academy of Sciences, 2007; National
Research Council, 1996, 2000, 2012; National
Science Teachers Association, 1998). However,
merely increasing the quantity of self-reported
inquiry instruction is insufficient (Marshall, Hor-
ton, Igo, & Switzer, 2009); the quality of inquiry
instructional practice must be at such a level that
teachers are effective in facilitating rigorous,
standards-based, inquiry-based learning. Success
inachieving this goal has been largely inconsistent
atbestin programs across the country. Definitions
of inquiry-based instruction may vary somewhat,
but clear direction has been given to defining and
exemplifying inquiry-based instruction (NRC,
1996, 2000). Even though consistency can be
found among many of the definitions and agree-
ment is found in the desire for reform that includes
inquiry-based instruction, the implementation
remains inconsistent.

As science education looks ahead to the next
decade or so of science instruction, A Framework
for K-12 Science Education: Practices, Cross-
cutting Concepts, and Core Ideas (NRC, 2012)
has begun to pave the way for a new vision of
teaching and learning that is more intentional and
more integrated. This framework which serves
as the predecessor for the Next Generation Sci-
ence Standards (due out soon) makes clear that
inquiry forms of instruction need to integrate
cross disciplinary concepts and core ideas into
the learning. No longer is it sufficient to teach
inquiry as a stand-alone unit and then proceed to
learning “the content.” Inquiry helps provide the
context for learning major concepts and ideas.

We know that successful inquiry-based instruc-
tion is often the result of numerous professional
development experiences. For more experienced
teachers, these experiences are necessary because
transformation of practice is needed to move from
prior more teacher-centered paradigms to a more
student-centered, constructivist approach where
students build on prior knowledge through a series
of science learning experiences. For neophyte
teachers, inquiry instruction should not be a new
concept, but supportis often needed to help achieve
asignificantly inquiry-centered environment. For
these beginning teachers, they often have to over-
come many of their college experiences, which
were typically solely confirmatory experiences
as well as overcoming peer, departmental, and/
or school structures that may model learning that
is counter to inquiry.

Capps, Crawford, and Constas (2012) con-
ducted an analysis of professional development
programs in an effort to see how well aligned to
best practices many of the programs currently are.
Their findings suggest that most of the analyzed
programs generally align with the recommended
features of effective professional development
(Darling-Hammond & McLaughlin, 1995; Garet,
Porter, Desimone, Birman, & Yoon, 2001; Loucks-
Horsley, Stiles, Mundry, Love, & Hewson, 2010).
The structural features of effective professional
development experiences include significant in-
teractions that include extended support through
the academic year while providing authentic
experiences for teachers. Further, core features of
such professional development include many or
all of the following: coherence, lesson develop-
ment, modeled inquiry experiences, reflection,
transference of new skills, and content knowledge
development. Our work has shown during the
past 5 years, that teachers who are engaged in
our professional development model associated
with Inquiry in Motion are able to raise student
achievement higher than the virtual comparison
group of similar students (Marshall, Horton, &
Edmondson, 2007; Marshall & Horton, 2009).
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These changes in teacher practice bring about the
most significant change in student achievement
after two or more years. During the first year,
teaching practice is often inconsistent and unstable
as new instructional approaches are used, and the
data suggest that during year two that as teachers
become more consistent in implementing guided
forms of inquiry-based instruction that learning
goes up significantly.

In helping to facilitate highly successful
inquiry-based teaching and learning, two com-
ponents are essential: 1) a measure is needed that
provides an understanding of the degree of suc-
cess experienced and tracks any progress made,
and 2) a plan is needed for how to successfully
implement inquiry-based instruction. Regarding
the metrics, numerous instruments exist that
monitor and measure teacher effectiveness and
include the following:

e Inside the Classroom Observational
Protocol (Horizon Research, 2002)

° Target: Provides a global view of ef-
fective classroom practice;

° Possible limitation: Very long and
complex measure—lacks targeting
specific aspects of instruction.

e Reformed Teaching Observation Protocol
(RTOP) (Sawada, et al., 2000)

° Target: Provides measure of con-
structivist practice in math and sci-
ence classrooms;

° Possible limitations: The non-de-
script Likert scale makes interpreting
the value of individual and holistic
scores difficult, indicators within con-
structs do not hold together for factor
analysis, and entire lesson sequence
needs to be observed for accurate
score to be determined.

o  FElectronic Quality of Inquiry Protocol
(EQUIP) (Marshall, Horton, & White,
2009; Marshall & Horton, 2009; Marshall,
Smart, & Horton, 2010)
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° Target: Provides a measure of inqui-
ry-based instruction in math and sci-
ence through the use of a descriptive
rubric;

o Possible limitation: Targets specific
type of instructional practice.

Science Teacher Inquiry Rubric (STIR)

(Beerer & Bodzin, 2003)

° Target: Inquiry instruction aligned
to the National Science Education
Standards (NSES);,

° Possible limitations: All compo-
nents of inquiry defined by NSES
are not present in every lesson, and
instrument will be quickly antiquated
because it is targets a narrow (NSES)
view of inquiry.

Science Management Observation

Protocol (SMOP) (Sampson, 2004)

° Target: Measures classroom man-
agement issues that support effective
science instruction;

o Possible limitations: Classroom
management is necessary but not
solely sufficient to predict successful
instructional practice; so, while infor-
mative, this instrument seems to need
to be coupled with another instrument
for solid understanding of successful
instruction to be understood.

Secondary Science Teaching Analysis

Matrix (STAM) (Adams & Krockover,

1999)

° Target: Move novice teachers toward
more student-centered instructional
strategies;

Expert Science Teaching Educational

Evaluation Model (ESTEEM) (Burry-

Stock & Oxford, 1994)

° Target: Excellence in science teach-
ing from a constructivist framework;
and

Teacher efficacy scales (Riggs & Enochs,

1990)—target: Predict likelihood of

reform.
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Despite all the available metrics, initial research
showed that two instruments, the RTOP and the
EQUIP, provided solid measures for assessing
the degree to which inquiry-based instruction
is being facilitated in K-12 science classrooms.
These two instruments stand out for several
reasons: (1) both of these instruments provide
measures that target inquiry-based instruction
in math and science classrooms, (2) both have
validity studies to support their work, and (3) the
other instruments seem too general (e.g., consider
all elements of effective practice), too granular
(e.g., consider one aspect of instruction such as
classroom management), or too complex (e.g.,
necessary to use multiple rubrics over multiple
days). Further, by attending any science education
research conference, it seems clear that RTOP
is one of the most often used instruments when
studying inquiry instruction and has been seen as
the leader in this area over the past several years.
A comparative study between RTOP and EQUIP
identified many similarities and differences, but
the conclusions report that EQUIP has higher
inter-rater reliability, provides broader utility (ef-
fective and meaningful for both researchers and
practitioners), is more targeted to inquiry-based
instruction (not the more general constructivist
approaches), provides a more comprehensive
understanding of teaching performance (macro
and micro look at specific teaching aspects), and
includes a descriptive rubric to allow teachers and
leaders to target tangible goals (Marshall, Smart,
Lotter, & Sirbu, 2011).

EQUIP is a valid instrument that was de-
veloped, tested, and refined over the past four
years and is increasingly being seen as a solid
and comprehensive tool for tracking inquiry-
based instruction (Marshall, et al., 2010). The
framework for EQUIP originated from joining
components of many existing frameworks in an
attempt to provide a means for studying teachers’
transformation toward greater quantity and quality
of inquiry-based instruction (Horizon Research,

2002; Llewellyn, 2007; Sampson, 2004; Sawada,
et al., 2000).

Although inquiry is not the only student-cen-
tered instructional strategy, it is a critical strategy
that should be part of every science classroom
(Bransford, et al., 2000; NRC, 1996, 2000). For
clarity, I use an established definition of inquiry,
set forth by NSES.

Inquiry is a multifaceted activity that involves
making observations; posing questions; exam-
ining books and other sources of information to
see what is already known; planning investiga-
tions; reviewing what is already known in light
of experimental evidence; using tools to gather,
analyze, and interpret data; proposing answers,
explanations and predictions, and communicat-
ing the results. Inquiry requires identification of
assumptions, use of critical and logical thinking,
and consideration of alternative explanations
(NRC, 1996, p. 23).

Various nuances of inquiry are further detailed
in the NSES and in other research documents and
publications (Karplus, 1977; Llewellyn, 2002,
2007; NRC, 2000; NRC, 2012), but the essence
of scientific inquiry is clear—students critically
and systematically engage in examining, inter-
preting, and analyzing questions regarding the
world around them, and then communicate their
findings, providing convincing arguments for
their conclusions.

EQUIP OVERVIEW

So how do we assess the quality of the inquiry that
teachers lead in their classrooms? How can this as-
sessment be used to improve teacher performance
and ultimately student achievement? This chapter
provides an overview of the EQUIP instrument,
shares the reliability and validity information that
EQUIP is based on, offers an example of instruc-
tion matched to the scoring, and then shares how
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EQUIP provides a predictive indicator of student
performance (both content and process). This
protocol, which we have named the Electronic
Quality of Inquiry Protocol (EQUIP), can be used
as a snapshot to measure the quality of inquiry
on several indicators for a given class or as a
guide that outlines specific areas for teachers to
target for growth. EQUIP provides a reliable and
valid resource to measure the quality of inquiry
that is being facilitated within classrooms. We
researched, developed, and refined EQUIP over
a period of three years.

Good teachers use many different instruc-
tional methods throughout a day, a week, and a
year. EQUIP is not designed for all situations; it
specifically focuses on the factors associated with
the quality of inquiry-based instruction being
facilitated by teachers, not with other methods
that may be used in the classroom. The complete
EQUIP instrument can be accessed from www.
clemson.edu/iim. The first three sections of EQUIP
are intended mainly for researchers; whereas the
remaining sections of EQUIP are useful for both
researchers and practitioners alike.

Section 1 contains basic demographic informa-
tion and descriptive lesson information such as
objectives and standards. Section 2 is used to rate
five-minute snapshots on several issues such as
student attention and cognitive level. Section 3 is
used for field notes that teachers may or may not
wantto use, depending on their goals for individual
growth. The column concerning “Classroom Notes
of Observation” is for the evaluator to indicate as
objectively as possible what has transpired in the
class. The “Comments” column is for the evaluator
to express her/his interpretation of what is going
on; consequently it is more subjective.

Sections 4-8 of EQUIP are critical for research-
ers and practitioners and should be completed
at the culmination of the observed lesson. The
quantitative data from these sections of EQUIP
include 19 indicators and five different composites.
The 19 indicators are divided into the following
four constructs:
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Instruction (5 items): Section 4.
Discourse (5 items): Section 5.
Assessment (5 items): Section 6.
Curriculum (4 items): Section 7.

After scoring each indicator, five composite
scores are generated—Section 8 (one for each
construct plus an overall score for the lesson).
Eachindicator and composite score can range from
1-4 (Level 1 = Pre-inquiry, Level 2 = Developing
Inquiry, Level 3 = Proficient Inquiry, and Level
4 = Exemplary Inquiry). The composite scores
are based on the essence for that composite rather
than an average of all indicators in the composite.
Iencourage teachers to avoid becoming defensive
about the ratings; it is more important to under-
stand why a score falls into a specific level and
what can be done to advance to a higher level in
the future then to argue over a particular score.

Once abenchmark measurementis determined,
teachers can begin, individually or in teams, to
chart the growth and target areas where improve-
ment is desired. The descriptive nature of EQUIP
helps teachers move from the “I know it when I
see it” to an understanding of the specific aspects
that were or were not effective. The insights gained
when using EQUIP can provide a foundation for
developing a plan that will ultimately improve
instruction and student learning. See Table 1 for
uses of EQUIP.

EQUIP RELIABILITY AND VALIDITY
INFORMATION

EQUIP was created in response to a need for a
reliable and valid instrument to assess the quantity
and quality of inquiry in K-12 math and science
classrooms (Marshall, et al., 2010). None of the
other protocols met our specific needs for guiding
teachers as they plan and implement inquiry-based
instruction and for assessing the quantity and
quality of inquiry instruction. EQUIP’s structure
provides both a formative and summative means
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Table 1. Various uses of EQUIP paired with
intended audience

Use of EQUIP Teacher | Instructional | Researchers
Leader

Establish X X X
benchmarks and
then chart growth
over time

Work with teachers X X
to target growth in
performance

Reflect back upon | X
a lesson

Videotape lesson X X X
and then complete
protocol either
alone or with peers
during a replay of
the lesson

Complete the X X
instrument while
observing another
teacher’s class

Guide X X
conversations with
a teacher or team
of teachers

to study inquiry-based instructionin K-12 science
and math classrooms. EQUIP was specifically de-
signed to (1) evaluate teachers’ classroom practice,
(2) evaluate PD program effectiveness, and (3)
guidereflective practitioners as they try toincrease
the quantity and quality of inquiry. Though EQUIP
is designed to measure both quantity and quality
of inquiry instruction, the reliability and validity
issues associated with only the quality of inquiry
are addressed below.

Facevalidity: Five science education research-
ers, four math education researchers, and two
doctoral students in Curriculum and Instruction
from four universities helped assess the face valid-
ity of EQUIP. Further, two measurement experts
with knowledge of instrument development as-
sessed the instrument structure. To guide face
validity conversations, we posed the following
questions. Does EQUIP seem well-designed way

to assess the quality of inquiry? Does it seem as
though it will provide reliable measures? For the
content specialists, does it maintain fidelity to the
discipline (math/science)? Does each indicator,
along with descriptor, provide a critical measure
that seamlessly progresses from non-inquiry
to exemplary inquiry? Finally, does a Level 3
descriptor provide an accurate benchmark rep-
resentation of proficiency for a given indicator?
Through a series of face-to-face meetings, email
communication, and phone conversations, each
indicator with the accompanying descriptor was
scrutinized until both educational researchers and
individuals conducting measurements in the field
achieved consensus. Negotiation and refinements
centered on balancing what theory suggested with
what was consistently measurable.

Internal consistency: EQUIP indicators
were examined for internal consistency using
Cronbach’s Alpha («) for 102 class observations
used for field-testing. The a-value ranged from
.880-.889, demonstrating strong internal consis-
tency. Further, the indicators that comprise the
instrument hold together well in both science and
mathematics settings.

Inter-rater reliability: Cohen’s Kappa (k) was
used to determine inter-rater reliability from 16
paired observations. Using the Landis and Koch
(1977) interpretative scale, k scores averaged .6
and thus fall between moderate and substantial
agreement. Further, since EQUIP items fall along
a continuum and not an absolute discrete scale,
it is not surprising that Kappa scores were not
close to 1.0, which would show total agreement
for all items. For these 16 paired observations,
the coefficient of determination, r?, was .856,
indicating a strong collective agreement between
raters. Specifically, 85.6% of Observer B’s assess-
ment is explained by Observer A’s assessment
and vice versa.

Content and construct validity: Once face
validity and high reliability had been established,
content validity was examined to provide a deeper
analysis of the validity surrounding the instrument.
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In assessing content validity, we are essentially
asking: How well does EQUIP represent the do-
main it is designed to represent? In this instance,
EQUIP was designed to represent components
associated with the quality of inquiry, as defined
by the research literature. In order to establish
content validity, the primary constructs measures
in EQUIP were aligned with key literature associ-
ated with inquiry-based instruction. Since only
the indicators that remain in the model will be
justified with research literature, content valid-
ity and construct validity are addressed together.

In evaluating construct validity, a Confirma-
tory Factor Analysis (CFA) using Structural
Equation Modeling (SEM) was ran with model
trimming used to eliminate any indicators that
did not contribute significantly to each construct.
The resulting more parsimonious model, trimmed
the 26 total indicators to 19 (five for Instruction,
four for Curriculum, five for Discourse, and five
for Assessment).

Final EQUIP model: The five indicators (with
the theory and research to justify) that comprise
the Instructional Factors include: (1) Instructional
Strategies (Abell & Lederman, 2007; Bransford,
etal.,2000; Chiappetta & Koballa,2006; National
Research Council, 2000), (2) Order of Instruction
(Abell & Lederman, 2007; Biggs, 1996; Bybee, et
al.,2006), (3) Teacher Role (Lampert, 1990; Mor-
timer & Scott, 2003; National Research Council,
1996; van Zee, Iwasyk, Kurose, Simpson, & Wild,
2001), (4) Student Role (Cobb, Wood, & Yackel,
1990), and (5) Knowledge Acquisition (Chinn &
Brewer, 1998; Mortimer & Scott, 2003). Note that
all four constructs that frame the EQUIP has been
thoroughly discussed and validated in prior work
(Marshall, 2009). The descriptive rubric used to
measure all five Instructional Factor indicators
along with the 14 other indicators is found at
www.clemson.edu/iim.

The four indicators that were identified in the
CFA that comprised the Curriculum Factor con-
struct, along with literature to supportits inclusion,
include: (1) Content Depth (Schmidt, McNight,
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& Raizen, 2002; Wiggins & McTighe, 1998), (2)
Learner Centrality (Donovan & Bransford, 2005;
Knowles & Brown, 2000; NBPTS, 2000; NRC,
1996), (3) Integration of Content and Investiga-
tion (Llewellyn, 2002, 2007; Luft, Bell, & Gess-
Newsome, 2008; NRC, 2000), and (4) Organizing
and Recording Information (Marzano, Pickering,
& Pollock, 2001).

The five tightly aligned indicators identified
as part of the Discourse construct include: (1)
Questioning Level (Krathwohl, 2002; Vygotsky,
1978),(2) Complexity of Questions (Chin, 2007),
(3) Questioning Ecology (Morge, 2005; Mor-
timer & Scott, 2003), (4) Communication Pattern
(Kelly, 2007; Lemke, 1990; Moje, 1995), and (5)
Classroom Interaction (Lampert, 1990; van Zee,
et al., 2001).

The final construct, Assessment, contains the
following five indicators: (1) Prior Knowledge
(Bransford, et al., 2000; Chambers & Andre,
1997), (2) Conceptual Development (Driver,
Squires, Rushworth, & Wood-Robinson, 1994),
(3) Student Reflection (Mezirow, 1990; White &
Frederiksen, 1998, 2005; Wiggins & McTighe,
1998), (4) Assessment Type(s) (Black, Harrison,
Lee, Marshall, & Wiliam, 2004; Black & Wiliam,
1998), and (5) Role of Assessing (Bell & Cowie,
2001; Stiggins, 2005; Stigler & Hiebert, 1999).

Three indicators were trimmed from the
original model even though their importance in
quality instruction can be easily justified. It was
determined that these three items are too difficult
to measure accurately by a single item during a
single class period observation and include the fol-
lowing items: (1) Teacher Content Knowledge, (2)
Meaningful Context, and (3) Fundamental Ideas.

Although absolute parameters for SEM do not
readily exist, the values and justifications for the
model include the following: y* is significant p
<.001, y*/df < 2 indicates reasonable fit (Kline,
2005), RMSEA of .1 is on the threshold of rea-
sonable fit (Browne & Cudeck, 1993), SRMR <
.1 is considered favorable (Kline, 2005), and the
computerized fit index, CFI, of > .90 is consid-
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ered a good fit (Hu & Bentler, 1999). The four-
construct model, 19-indicator model, provides a
good-fitting model that also is solidly supported
by the literature base regarding effective inquiry
instruction.

SAMPLE LESSON ANALYZED
USING EQUIP

In the following pages, the factors of Instruction,
Discourse, Assessment, and Curriculum are dis-
cussed in more depth as I illustrate the application
of EQUIP. Again, the indicators for these factors
are all assessed at the end of the observational
period. The example comes from a physical sci-
ence lesson framed by the essential question “What
factors affect the motion of an object?” (Portions
of the example and discussion that follows were
published in The Science Teacher (Marshall,
Horton, & White, 2009)). In the observation from
which the example is drawn, the teacher provided
teams of 3 or 4 students with mousetrap racer kits
and challenged them to create a mousetrap racer
that would go 5 meters the fastest, but would stop
before it had traveled 6 meters. This competition
incorporated process skills (e.g., asking good
scientific questions, collecting meaningful data,
analyzing results), and conceptual ideas (e.g.,

speed, motion, force, conservation of energy) from
science, math, and engineering.

Instruction: Table 2 shows two of five indica-
tors that comprise the factor of Instruction. I dis-
cuss the ratings for the science observation for the
example described above. Because the indicators
are associated with the same factor, there are con-
nections among them. However, these connections
are not absolute; there are sufficient distinctions
among the indicators so that the levels often vary
considerably even within the same factor.

Because the teacher provided the vehicle as-
sembly instructions before students had sufficient
time to think through their own creation and be-
cause she stopped and lectured about the terminol-
ogy associated with motion, the Instructional
Strategies earned a Level 2 inquiry rating. Had
the teacher provided more opportunities for input
of studentideas throughout the investigation, then
the quality of the inquiry would have been at least
Level 3.

The teacher did, however, achieve a Level 3
inquiry rating for Order of Instruction because the
lesson engaged the students in exploring concepts
before the teacher explained them, and students
were involved in explaining their conceptual ideas
to the teacher and their peers.

Discourse: Discourse measures the classroom
climate and interactions relating to inquiry instruc-

Table 2. Sample of EQUIP instructional indicators associated with inquiry-based instruction

Indicator Pre-Inquiry (Level 1) Developing Inquiry Proficient Inquiry (Level Exemplary Inquiry (Level 4)
Measured (Level 2) 3)
Instructional Teacher Teacher frequently Teacher occasionally Teacher occasionally lectured,

either did not explore
concepts or did so only
after explanation.

receiving explanation.
Teacher explained.

explanation. Teacher and
students explained.

Strategies predominantly lectured | lectured and/or used lectured, but students were | but students were engaged in
to cover content. demonstrations to explain | engaged in activities that investigations that promoted
content. Activities were helped develop conceptual | strong conceptual
verification only. understanding. understanding.
Order of Teacher explained Teacher asked students Teacher asked students to | Teacher asked students
Instruction concepts. Students to explore concept before | explore before to explore concept before

explanation occurred. Though
perhaps prompted by the
teacher, students provided the
explanation.
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tion and learning. Two of five indicators associated
with this factor are shown in Table 3.

As the lesson progressed, the teacher pro-
vided challenging, higher-level questions (e.g.,
How did your results compare with those from
other groups?) as students presented their findings,
which resulted in a Level 3 inquiry rating for
Questioning Level. However, once students re-
sponded to the higher-level questions, the quality
of the interactions dropped as the teacher followed-
up responses with only low-level probes (e.g.,
How did you find the second point on the graph?).
This resulted in a rating of Level 2 for Classroom
Interaction. The teacher could raise this score by
following-up student responses with more thought-
provoking questions such as, “Why was the slope
calculated by group 2 larger than the slope calcu-
lated by group 1? What does that slope tell us?”

Assessment: Five indicators are used to mea-
sure the Assessment factor relating to instruc-
tional practice. Two of the indicators are shown
in Table 4.

Because the teacher did not attempt to assess
or take into consideration the prior knowledge
students possessed, the lesson earned a Level 1
inquiry rating for Prior Knowledge. A short pre-
test, a KWL chart, or even a discussion concern-
ing what students already knew may have revealed
strengths or, on the other hand, some misconcep-
tions regarding motion that should be addressed.
The teacher also fell short on Conceptual Devel-
opment. When formative assessments are imple-
mented throughout the lesson, student-learning
increases. By making the lesson more prescribed
than necessary, critical thinking was minimized.
This resulted in a Level 2 rating for this indicator.

Table 3. Sample of EQUIP discourse indicators associated with inquiry-based instruction

Indicator
Measured

Pre-Inquiry (Level 1)
(Level 2)

Developing Inquiry

Proficient Inquiry (Level 3) Exemplary Inquiry (Level 4)

Questioning Questioning rarely Questioning rarely

Questioning challenged Questioning challenged students

Level challenged students challenged students students up to application at various levels, including at the
above the above the understanding | or analysis levels. analysis level or higher; level was
remembering level. level. varied to scaffold learning.

Classroom Teacher accepted Teacher or another Teacher or another student | Teacher consistently and

Interaction answers, correcting student often followed-up response | effectively facilitated rich

when necessary, but
rarely followed-up
with further probing.

occasionally followed-
up student response with
further low-level probe.

with engaging probe that
required student to justify
reasoning or evidence.

classroom dialogue where
evidence, assumptions, and
reasoning were challenged by
teacher or other students.

Table 4. Sample of EQUIP assessment indicators associated with inquiry-based instruction

Indicator Pre-Inquiry (Level | Developing Inquiry (Level | Proficient Inquiry (Level Exemplary Inquiry (Level 4)
Measured 1) 2) 3)

Prior Knowledge Teacher did not Teacher assessed student Teacher assessed student Teacher assessed student prior
assess student prior | prior knowledge but did prior knowledge and knowledge and then modified
knowledge. not modify instruction then partially modified instruction based on this

based on this knowledge. instruction based on this knowledge.
knowledge.

Conceptual Teacher Teacher encouraged Teacher encouraged Teacher encouraged

Development encouraged product- or answer-focused | process-focused learning process-focused learning
learning by learning activities that activities that required activities that involved critical
memorization and lacked critical thinking. critical thinking. thinking that connected learning
repetition. with other concepts.
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When students are challenged to defend their
solutions to scientific questions, a Level 3 or 4
rating is appropriate.

Curriculum: The EQUIP includes four indica-
tors associated with various Curriculum issues
related to inquiry instruction. These indicators are
tied directly to what is experienced by students,
not what appears in a text or notes. Organizing
and Recording Information is one of several areas
in which teachers can provide students with dif-
ferent levels of scaffolding—thus differentiating
instruction. The goal is to challenge all students
to their highest level while not overly frustrating
anyone. For instance, one student with a learning
disability may need the structure that a graphic
organizer provides, whereas an ESL student may
need more visuals to help decode the language
barriers. We should always strive to help students
progress to a level where less direct assistance is
needed. By doing so, we will have encouraged
and helped to develop habits of lifelong learn-
ing. To earn Level 4 on this and other indicators,
teachers should consider the various needs of all
students in their class. Two of the Curriculum
indicators, Integration of Content and Investiga-
tion and Organizing and Recording Information,
are displayed in Table 5.

The Integration of Content and Investigation
earned a Level 3 inquiry rating because the inves-
tigation almost continually integrated concepts
such as speed vs. time graphs and conservation
of energy into the studentinvestigations. Organiz-

ing and Recording Information was scored at
Level 2 because the teacher provided little op-
portunity for the students to determine how the
data should be collected and organized. When
data sheets are provided with the headings and
axes already labeled, which is what happened
during this observation, students are deprived of
a rich opportunity to think about how to collect,
organize, and convey meaning from the data. By
having the opportunity to organize and record
information as they see fit, students think more
deeply and more critically about the concepts
being investigated (e.g., how many trials are
needed? Is speed the independent or dependent
variable, and why?). Had the teacher provided
this opportunity, the rating for this indicator would
have risen to a Level 3 or 4.

IMPROVING QUALITY OF
INQUIRY TEACHING

After each of the indicators associated with the
four factors has been assessed, in Section 8 of
EQUIP an overall, or holistic, rating is determined
for each factor. Again, this holistic rating is not
necessarily the mean of the indicators, but is the
Level that best captures the essence of the lesson.
Though it may seem that approaching the rating
this way would make this section overly subjective,
we have found that our inter-rater reliability, or
consistency between different raters, is quite high.

Table 5. Sample of EQUIP curriculum indicators associated with inquiry-based instruction

Indicator

Measured

Pre-Inquiry (Level 1)

Developing Inquiry (Level
2)

Proficient Inquiry (Level
3)

Exemplary Inquiry (Level 4)

Integration of
Content &
Investigation

Lesson either
content-focused or
activity-focused but
not both.

Lesson provided poor
integration of content with
activity or investigation.

Lesson incorporated
student investigation that
linked well with content.

Lesson seamlessly integrated
the content and the student
investigation.

Organizing &
Recording
Information

Students organized
and recorded
information in
prescriptive ways.

Students had only minor
input as to how to organize
and record information.

Students regularly
organized and recorded
information in
non-prescriptive ways.

Students organized and
recorded information in
non-prescriptive ways that
allowed them to effectively
communicate their learning.
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Once the instrument has been completed and
the current state of inquiry instruction is estab-
lished, the next step is to improve the quality of
inquiry. Though establishing the benchmark may
bring about some change just by having specific
aspects of instructional practice brought to the
teacher’s attention, the goal is to become more
intentional and explicit by developing an action
plan of next steps. Itis normal to desire to improve
everything that ails our instruction all at once.
However, such a course of action often leads to
frustration and undue anxiety; effective change is
usually incremental.

Irecommend that teachers focus on one specific
indicator that they wish to improve upon during
the next lesson or unit of study. Once the desired
growth has been achieved, then it is time to tackle
another indicator. After four indicators relating to
inquiry instruction have been improved, perhaps
one from each of the factors Instruction, Discourse,
Assessment, and Curriculum, the teacher should
strive to maintain that level of performance before
undertaking more improvements. If teachers work
together and note common areas for growth, it may
make sense to work on certain indicators together.
This shared approach provides a support structure
to exchange thoughts and ideas.

If current practice falls largely in Level 1, then
itmakes sense to begin reading about constructivist
approaches tolearning and inquiry-based methods
of teaching, looking for examples of lessons and
instruction. Many articles from NCTM journals
(e.g. The Science Teacher, Science Scope), along
with journals from other professional organiza-
tions, provide these, along with many innovative
ideas that can be of immense value to teachers
who wish to modify their practice. In addition,
teachers may seek out any one of many profes-
sional development institutes that provide oppor-
tunities to experience inquiry learning firsthand.
Generally, a Level 2 performance suggests that a
teacher is familiar with getting students engaged
and active, but the lessons tend to be more pre-
scriptive, with students having only limited op-
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portunities to develop the ideas for themselves.
Additionally, instruction is still heavily teacher-
focused. At Level 3, the teacher has demonstrated
a student-centered inquiry-learning environment
that actively engages students in investigations,
questioning, and explanations. The role of the
teacher remains vital (as it does at all levels),
but she now functions more as a facilitator who
scaffolds learning experiences than as a giver of
facts and knowledge.

Idonotexpect that any one lesson would merit
a Level 4 for all indicators or even for all factors.
In fact, I have yet to see such a lesson, and I have
seen some amazing lessons. Further, the point is
not to make every instructional moment a Level
3 or higher; rather, the goal is to help teachers
become more intentional about their practice.
By making teachers aware of what high quality
inquiry practice entails, I believe they will be
more likely to implement it successfully when it
is their desired instructional approach.

EQUIP provides teachers with a concrete way
to reflect on their own teaching practice as they
strive to lead inquiry-based learning experiences
intheir classroom. Inquiry instruction is challeng-
ing toimplement well, but, when done effectively,
learning is clearly evident with all students and
at all ability levels.

EQUIP AND STUDENT
ACHIEVEMENT

The value of EQUIP is partially predicated on
the fact that it provides a reliable, valid metric
to measure of inquiry-based instruction. In and
of itself, this is valuable, but the ultimate goal is
to find an instrument that helps predict student
achievement based on teacher performance. Thus,
the challenge becomes finding the most appropri-
ate dependent measure for student achievement.
Specifically, what metric would provide valuable
student achievement growth data with minimal
testing bias?
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The Measures of Academic Progress (MAP)
from Northwest Evaluation Association (NWEA)
was selected as the metric to study student growth
in science classrooms. MAP, a reliable and valid
assessment (NWEA, 2004) used by schools in 48
states, is an adaptive test that provides either more
or less challenging items, depending on students’
success or failure on previous questions. Further,
because it is aligned with state and national sci-
ence standards (NWEA, 2005), MAP can pinpoint
students’ currentlevel of achievement. Students are
assessed both in the fall and in the spring; hence,
growth during the majority of the academic year
can be readily determined. MAP also allows suc-
cess to be studied with various ability levels, thus
providing a means to research possible effects on
the achievement gap.

The MAPtest provides amechanism to measure
the growth of students in both science content
and science process during the course of a given
academic year for elementary through early high
school grades. Further, in a collaborative effort
with NWEA (funding by an NSF grant), [ was able
to compare the growth of the students in my study
group to similar students from around the state
who also took the test, the Virtual Comparison
Group (VCG). The VCG is comprised of students
who: 1) are the same race and gender, 2) took the
test during the same test window (both pre- and
post-), and 3) attend a school with a similar free
and reduced lunch status (a measure of poverty in
the school). Each of the students in the intervention
is compared to 21-51 like students from the VCG.

MAP inherent strengths are several. First,
because test items are aligned to state science
standards, it has high predictive validity when
compared to other state assessments (Cronin,
Kingsbury, Dahlin, Adkins, & Bowe, 2007;
NWEA, 2005). Second, performance of a given
teacher’s students can be studied at both in terms
of science content and process knowledge scores
withoutrequiring an additional test. Third, because
itisadaptive, MAP provides a broader, more robust
sample of the entire domain than a fixed-form test
does (NWEA, 2003). Finally, since the districts

that I work with already use MAP, no additional
testing is necessary to obtain a reliable and valid
measure of student performance.

With EQUIP as the predictor measure (teacher
performance) and MAP scores as the dependent
measure (student achievement), a correlation was
analyzed to see if teacher performance relative to
inquiry-based instruction could partially predict
student achievement growth during the academic
year. The results seemed mixed at first, but then a
clear pattern emerged. Specifically, it was found
that EQUIP could not predict for student growth
in content knowledge or process skills during
the first year of involvement in transformation
of practice—no significance found. This lack of
significance was attributed to several reasons: 1)
teacher performance is unstable during times of
transformation (larger variation of practice), 2)
teachers tend to “perform” for observers (evalu-
ators) during the first year often providing what
they think is expected but which is often atypical
of most of their instruction, and 3) inquiry teach-
ing is an inconsistent part of everyday practice.

During the second year of involvement with
teachers through along-term professional develop-
ment training program, it was found that teachers’
changes in practice became more solidified and
consistent. In addition to instruction becoming
more consistent relative to inquiry, EQUIP be-
came a powerful predictor of the growth seen in
students during the academic year. Specifically,
the average overall lesson score earned on the
EQUIP for a teacher over the course of four ob-
servations, was able to explain approximately 36%
of variance in the student growth. These data will
continue to be analyzed as more teachers become
involved in the second year portion of the program.
However, the initial two years of data indicate a
very power metric that could be used to improve
student achievement in both science content and
process. It would be expected that inquiry-based
instruction increases students’ performance on
science process knowledge, but these initial results
suggest that the effect is equally high for science
content knowledge as well.
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IMPLICATIONS

In an effort to help teachers move beyond an “I
know itwhen I see it” mentality regarding inquiry,
I propose the use of EQUIP as an instrument to
help guide teacher practice to greater quantity
and quality of inquiry-based instruction. The evi-
dence suggests that when high-quality, proficient
inquiry (Level 3 on EQUIP) becomes a consistent
portion of instruction then the growth in student
achievementexceeds a Virtual Comparison Group
(VCQ) of typical instructional practice. It is in-
frequent in educational research to find strong
predictive indicators of things that when done by
the teacher in the classroom result in improved
student achievement.

Further, it is exciting to confirm that when
inquiry is implemented well in the classroom
that student achievement exceeds the comparison
group on process skill knowledge (e.g., interpret-
ing a graph or designing a study). However, these
findings also show that we do not need to just
“teach to the test” (e.g., tell, rehearse, memorize),
because as students improve process knowledge, it
is also possible for them to improve their content
knowledge at arate that also significantly exceeds
the VCG.

Obviously, EQUIP is not a single panacea
for all that ails our education system, but it does
provide a clear, descriptive means to guide the
transformation of instructional practice so that
student learning is greatly increased via inquiry-
based forms of instruction. Because of the com-
plex, multifaceted nature of inquiry instruction, it
has been very challenging to develop a protocol
that assesses the quality of inquiry instruction
in a valid and reliable manner. EQUIP seems to
have met that challenge and was designed to (1)
evaluate teachers’ classroom practice, (2) evaluate
PD program effectiveness, and (3) provide a tool
to guide reflective practitioners as they strive to
increase the quantity and quality of inquiry that
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they lead in their classrooms (Marshall, Horton,
& White, 2009). The culminating four-construct
(Instruction, Curriculum, Discourse, and Assess-
ment) EQUIP is a reliable and valid instrument
that meets these goals.
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