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This study measured the degree to which actions of teachers and students in mathematics
classrooms align with practices recommended by national organizations and initiatives, through
the lenses of teaching mathematics for conceptual understanding within a community of learners,
examining teacher facilitation, and student engagement. This theoretical model used the creation
and validation of an observational instrument designed for the K-16 mathematics classroom, the
Mathematics Classroom Observation Protocol for Practices (MCOP2).Consideration was given to
both direct and dialogic instruction. Instrument validation involved feedback from over 125
external review experts in mathematics education for content validity; inter-rater & internal
reliability analyses; and structure analyses via scree plot analyses & exploratory factor analysis. A
two-factor structure instrument was determined to support the measurement of teacher as a
facilitator and student engagement in learning mathematics.
THE MATHEMATICS CLASSROOM PRACTICES
Over three decades of research has yielded relatively consistent findings with respect to the
mathematical practices for which students ought to be engaged (Ball, Ferrini-Mundy, Kilpatrick,
Milgram, Schmid, & Schaar, 2005) to learn mathematics. However, that is not to say there has not
been differing views regarding the pedagogies teachers of mathematics should employ in the
classroom (Munter, Stein, Smith, 2015). Ball et al. (2005) cultivated relative harmony regarding
mathematical pedagogies that resulted in three vital components: (1) numerical fluency as being
critical, (2) precise communication with purposeful reasoning, and (3) problem solving skills.
Munter, Stein, and Smith (2015) built upon this harmony by convening a group of 26 leaders in the
mathematics education community to deeply examine the similarities and differences of these three
vital components within the differing pedagogies of direct instruction and dialogic instruction (also
referred to as reformed teaching). This group of mathematics education leaders common aspirations
regarding the teaching of mathematics resulted with a list that included: conceptual understanding,
procedural fluency, rigorous mathematical tasks, student reasoning, and opportunities for student
practice. Moreover, the group spotlighted differences regarding the role of (1) mathematical
discourse, (2) student group work, (3) the description of tasks, (4) feedback, (5) creativity, (6)
analyzing student work, (7) mathematical definitions, and (8) representations.
The mathematics education community identifies dialogic instruction as the preferred means of
teaching and learning during the standards-based teaching era launched in 1989 (NCTM, 1989,
2000; NGACBP, CCSSO, 2010). Historically, the RTOP (Reformed Teaching Observation
Protocol) (Sawada et al., 2010) was used as the main tool for evaluation and research endeavors in
the field of mathematics and science classrooms regarding variation of teaching practices towards a
dialogical direction of how lessons are enacted in the classroom. Currently, the assessment of
teaching effectiveness often focuses on student standardized test scores from only one point in time
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during the school year as a primary means of measure. Observation protocols, student work
samples, video case analyses, students’ prior and end-of-year test scores, teacher portfolios, as well
as a myriad of other data sources can provide teachers, evaluators, and researchers many differing
viewpoint to measure teaching effectiveness. The mathematics education community in the United
States has moved into the time of Common Core State Standards implementation and thus requiring
a change in classroom practices, but change takes time and professional development.
Based on the complexity of such mathematical pedagogies, attempts to research and measure
classroom practices becomes highly complex, but one that must include aspects of both direct and
dialogic instructional approaches. The desideratum for mathematics classroom observation
protocols for the practices of classroom teachers and students has reached a point of needed access
beyond just the mathematics education research community. For the last 30-50 years, the field has
generated strong empirical research regarding teaching practices, student achievement, and
connections between both practices and achievement. However, measurement of classroom
practices of teachers and students has really only been accessible to researchers. Our team of
researchers at the University of Alabama developed a classroom observation protocol with aims to
provide access to school-level personnel and the research community with the ability to measure
practices for classroom, school, and district use, in addition to larger scale studies.
THEORETICAL FRAMEWORK
Mathematics Classroom Interactions for Conceptual Understanding
Conceptual understanding in mathematics has a long history, though called somewhat different in
terms of research and practice for nearly a century (Brownell, 1935; Hiebert & Carpenter, 1992;
Hiebert & Grouws, 2007; Skemp, 1971, 1979). When students lack conceptual understanding and
have only basic procedural knowledge of mathematics, they fail at the opportunities to move
beyond any mathematics other than procedural knowledge and repetition. Therefore, it is imperative
that both teacher and student engage in productive discourse, tasks and reasoning (Barker et al.,
2004; NCTM, 2006, 2011; Stein, Engle, Smith, & Hughes, 2008; Stein, Smith, Henningsen, &
Silver, 2009). We shadow the definition of Hiebert and Grouws (2007) that teaching is “classroom
interactions among teachers and students around content directed toward facilitating students’
achievement of learning goals” (p. 377). Hence, this classroom model aligns well with the
Instruction as Interaction framework of Cohen, Raudenbush, and Ball (2003) that has a strong eye
on the discourse and interactions between the teacher, the mathematical content of the lesson, and
the students’ participation (see Figure 1). The framework reveals the multifaceted relationship
within this triad, highlighting how these paradigms create or portray the classroom environment.
Our attention on classroom interactions includes information about the atmosphere for teaching and
learning, such as quantity and quality of teacher and student interactions with each other and with
the mathematical content. It does not include other worthy information related to the learning
setting such as school administration, socio-economic factors, or high-stakes assessments.
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Figuree 1. Instruction as Interaction Moddel (Based uupon Cohen, Raudenbuush, & Ball, 2003).
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that these field experts validated the content of the instrument, and then 26 of these experts revalidated the revised and final version. The external validation gives strength with major agreement
across the field.
THE MCOP2 INSTRUMENT STATISTICAL ANALYSES
Utilizing a balanced data collection of classroom observations in elementary, secondary, and
tertiary classrooms, the instrument revealed two measurable factors of teacher facilitation (α=0.850)
and student engagement (α=0.897) consisting of seven items the load onto a single factor, as well as
two items that load onto both factors. The two factors were confirmed via a Scree Plot (See Figure
2) and an Exploratory Factor Analysis (EFA). Six individuals with varying backgrounds in
mathematics education and without discussion scored classroom videos from K-2, 3-5, 6-8, 9-12,
and tertiary mathematics classrooms. The results indicated intra-class correlations (ICC) of 0.669
on the student engagement scale and 0.616 on the teacher facilitation score. Based on the fact that
these six individuals could achieve an ICC without discussion and with isolated observational
scoring, presents an acceptable ICC and high degree of agreement on each factor (Cicchetti, 1994;
Lawshe, 1975). With additional practice and discussion with the instrument, we have seen the ICCs
among users increase significantly.
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Figure 2. Scree Plot of MCOP2 Internal Structure Analysis
Figure 3 presents the 16 items of the MCOP2 and their respective loadings on each factor. Each
item scores on a 0, 1, 2, or 3 point scale for which a specific rubric description indicates behaviors
and characteristics in the classroom for the teacher and student to score at each point level.
Teacher Facilitation for Teaching Mathematics

Student Engagement in Learning Mathematics

.851

The lesson involved fundamental concepts
of the subject to promote
relational/conceptual understanding.

Students engaged in exploration/
investigation/ problem solving.

.783

.503

The lesson promoted modeling with
mathematics.

Students used a variety of means (models,
drawings, graphs, concrete materials,
manipulatives, etc.) to represent concepts.

.612

.585

The lesson provided opportunities to
examine mathematical structure. (symbolic
notation, patterns, generalizations,
conjectures, etc.)

Students were engaged in mathematical
activities.

.873
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.508
.568
.744
.738

The lesson included task(s) that have
multiple paths to a solution or multiple
solutions.
The lesson promoted precision of
mathematical language.
The teacher's talk encouraged student
thinking.
The teacher uses student
questions/comments to enhance
mathematical understanding.

There were a high proportion of students
talking related to mathematics.

.831

Students persevered in problem solving.

.737

In general, the teacher provided wait-time.

.422

Students were involved in the
communication of their ideas to others
(peer-to-peer).

.863

.410

Students critically assessed mathematical strategies.

.359

.329

There was a climate of respect for what others had to say.

.397

Figure 3. MCOP2 Items and Respective Factor Loadings
Example rubrics for one item on each scale
One example from the student engagement factor we have selected to present at ICME for
discussion is the students used a variety of means to represent concepts seen in Figure 4. This item
selection presents one example of how the focus of the observation is on what students do with the
content to improve their conceptual understanding.
3

2

1
0

The students manipulated or generated two or more representations to represent the same concept, and
the connections across the various representations, relationships of the representations to the underlying
concept, and applicability or the efficiency of the representations were explicitly discussed by the
teacher or students, as appropriate.
The students manipulated or generated two or more representations to represent the same concept, but
the connections across the various representations, relationships of the representations to the underlying
concept, and applicability or the efficiency of the representations were not explicitly discussed by the
teacher or students.
The students manipulated or generated one representation of a concept.
There were either no representations included in the lesson, or representations were included but were
exclusively manipulated and used by the teacher. If the students only watched the teacher manipulate the
representation and did not interact with a representation themselves, it should be scored a 0.

Figure 4. Student Engagement Rubric Item
Additionally, we selected the teacher facilitation item for discussion as the The Teacher’s Talk
Encouraged Student Thinking (see Figure 5) as it relates well with respect to focusing on teaching
for conceptual understanding.
3

2
1

The teacher’s talk focused on high levels of mathematical thinking. The teacher may ask lower level
questions within the lesson, but this is not the focus of the practice. There are three possibilities for high
levels of thinking: analysis, synthesis, and evaluation. Analysis: examines/ interprets the pattern, order
or relationship of the mathematics; parts of the form of thinking. Synthesis: requires original, creative
thinking. Evaluation: makes a judgment of good or bad, right or wrong, according to the standards
he/she values.
The teacher’s talk focused on mid-levels of mathematical thinking. Interpretation: discovers
relationships among facts, generalizations, definitions, values and skills. Application: requires
identification and selection and use of appropriate generalizations and skills
Teacher talk consists of "lower order" knowledge based questions and responses focusing on recall of
facts. Memory: recalls or memorizes information. Translation: changes information into a different
symbolic form or situation.
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0

Any questions/ responses of the teacher related to mathematical ideas were rhetorical in that there was
no expectation of a response from the students.

Figure 5. Teacher Facilitation Rubric Item
DISCUSSION
Theoretically, an observation may score very well on the student engagement factor with a lesson
not focused on conceptual understanding (e.g. the teacher presents examples focused on procedural
skill, followed by the students imitating that skill on several problems working collaboratively in
groups). On the other hand, a lesson focused heavily on conceptual understanding may score high
on the teacher facilitation factor, but students may forsake to engage in their accountabilities (e.g. a
teacher gives an excellent presentation of mathematical modeling, focusing on structure, with little
expectation of students engaging in problem solving or discussion). Such results may correspond to
a classroom not suitable within the Community of Learners framework.
Lessons built around the paradigm of direct instruction, as defined in Munter, Stein, and Smith
(2015), would likely result in low scores on two items, due to focus on student talk that is not a
major focus in the direct instruction paradigm. Another item focusing on multiple paths to a
solution or multiple solutions does not fit well within the direct instruction paradigm as the
paradigm does not have as much emphasis on creativity. The remaining items, however, do fit well
within the direct instruction paradigm. Such lessons would likely have slightly lower scores on the
Student Engagement subscale with slightly higher scores on the Teacher Facilitation subscale.
A lesson implemented within the framework of dialogic teaching (Munter, Stein, & Smith, 2015)
would result in a higher emphasis on student authority and responsibility. Lessons implemented
within this dialogic teaching paradigm would likely receive a high score on the Student
Engagement subscale. This could lead to a slightly lower score on the Teacher Facilitation subscale
if the teacher had much less of a role during a well-engaged set of students in the lesson. Therefore,
it is likely that the scores on the MCOP2 subscales may be influenced by the relationship of the
teaching paradigm in the classroom between direct instruction and dialogic teaching.
When choosing an instrument for research involving observations of mathematics teaching, the
MCOP2 stands apart in that it measures the actions of both the teacher and students. By capturing
both sets of actions, the MCOP2 differentiates between teacher design and implementation of a
lesson and the students’ engagement with peers and teacher. This makes the MCOP2 a holistic
assessment of the classroom environment not found in other observation protocols. To accompany
the instrument, a user guide was developed to clarify and well-define the 16 indicators while
providing explicit details regarding the levels of scoring. This eliminates the need for extensive
training with the assumption that the user understands the terminology and concepts in the scoring
rubrics. It is recommended that the observer stay for the entirety of the lesson to account for teacher
design and structure of the lesson, and student interactions.
The MCOP2 was not designed to evaluate a teacher on a single observation due to the nature and
complexity of the teaching, but to be used for multiple teaching episodes (three to six we
recommend) to adequately capture the instructional practice annually. We understand the
instructional decisions necessary to effectively teach students differ on a daily basis. This includes a
teacher who realizes that a more direct instruction approach might be necessary following days of
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student centered investigations. Or if the teacher is working on procedural fluency, those lessons
may not score as high and would not be representative of the teacher’s typical instructional practice.
We recommend using the MCOP2 in a pre-post design as part of professional development at a very
minimum with the possibility of observations during ongoing professional development. This
allows teachers to see their baseline highlighting the practices that are strong within their teaching
practice and those that are not as apparent, and then through professional development the teachers
can work to strengthen those practices. Our research team envisions teachers within schools and/or
districts using the MCOP2 as a means of peer observations to learn about themselves and their
colleagues to improve site-wide practice to improve the teaching and learning of mathematics.
At ICME13, we present the MCOP2 to the international community for use in translation research
to additional languages and cultures, as well as the specificity of the rubric descriptors of the 16item protocol. Moreover, the use of the MCOP2 has been widely accepted as part of the United
States Mathematics Teacher Education Partnership (MTE-P) that is part of the Association of
Public and Land-grant Universities (APLU) Science and Mathematics Teacher Imperative (SMTI).
The partnership has more than 100 universities and colleges with many using the instrument for
data collection in their teacher preparation programs for a national sample to help facilitate the
national partnership’s ability to improve programs and the quality of beginning teachers of
mathematics with these essential practices of teaching and learning mathematics.
Our team’s instruction book, the MCOP2 long and short forms, can be found at the following URL:
http://jgleason.people.ua.edu/mcop2.html
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