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The purpose of this report is to present our process and results for establishing validity and
reliability of an observation tool used to investigate teaching practices that high school
mathematics teachers use to engage students. We developed our tool using established practices,
such as reviewing literature to develop a framework for instruction and piloting the tool to
design descriptive levels for rubrics. After validating externally by consulting experts, additional
rubrics regarding teaching mathematics for equity were added to the tool. We conducted a
reliability study of 149 episodes of classroom instruction (equivalent to 447 10-minute segments
of instruction in all), two raters per episode, to investigate the nature of coding disagreements.
Most disagreements occurred due to raters noticing different evidence rather than different
interpretations of rubrics, which suggested the value of two raters and resolution meetings.
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A range of observation tools exist to support the study of mathematics instruction that
supports students’ learning of mathematics (e.g., Bostic et al., 2019; Boston, 2012; Hill et al.,
2012; Sawada et al., 2002; Walkowiak et al., 2014). These tools enable researchers to compare
teaching practices, such as features of classroom discourse, that align with frameworks for
quality instruction. Although these observation tools are well-established and validated, they
focus primarily on behaviors that can explain students’ learning, such as mathematical task
enactment; they do not investigate how mathematics teaching influences students’ engagement.

It is important to identify teaching practices that can motivate and engage students in
mathematics classrooms, particularly in secondary grades. It has been well documented that
students’ mathematics engagement decreases over time as they move through levels of education
into high school (e.g., Collie et al., 2019). Students’ self-efficacy, enjoyment, and sense of the
utility of mathematics tends to decrease as they move from elementary school into junior high
(Wigfield et al., 1991); this trend continues through high school (Chouinard & Roy, 2008).
However, students’ motivation and engagement is socially situated and influenced by teachers’
instructional practices in the moment (Anderson et al., 2004; Shernoff et al., 2017), so it is
important to investigate teaching that supports engagement. The purpose of this paper is to
describe the validity and reliability of the observation tool that we developed for the SMiLES
project [Secondary Mathematics in-the-moment Longitudinal Engagement Study] to investigate
how secondary mathematics teaching may impact students’ engagement.

Potentially Engaging Mathematics Instructional Practices

For students to learn mathematics, they must be engaged. We conceptualize engagement in

mathematics classrooms as a person’s cognitive, affective, behavioral, or social investment in a
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pedagogically relevant object, such a mathematics task or lesson, as situated in the relationship
between the self, the object of engagement, and others in the environment (Middleton, Jansen, &
Goldin, 2017). In a study of almost 4,000 middle school and high school students in Western
Pennsylvania, higher levels of cognitive, behavioral, emotional, and social engagement predicted
students’ course grades in mathematics (Wang et al., 2016). According to Greene (2015), it is
well-established in prior research that motivation constructs such as students’ self-efficacy
support students’ engagement in ways that lead to learning.

Instruction is likely to support students’ engagement when teachers provide students with
both social support for working together on content and academic support for accessing rigorous
mathematical content (Shernoff et. al., 2016). Such support can take a variety of forms.
Academic support may include opportunities for sense-making and reasoning (Stein et al., 1996);
opportunities to make conceptual connections (Hiebert & Lefevre, 1986); pressing students to
explain their thinking (Engle & Conant, 2002; Kazemi & Stipek, 2001); providing students with
specific and detailed feedback (Stipek et al., 1998), opportunities to solve mathematics tasks in
context (Koedinger & Nathan, 2004); or some combination of these. Social support may include
motivational discourse with a focus on learning, positive affect, and encouragement of
collaboration with peers (Turner et al., 2002); positioning students as competent (Cohen &
Lotan, 1995; Gresalfi et al., 2009); accountability practices in the classroom (Horn, 2017);
providing opportunities for student-to-student discourse in whole class discussions (Nathan &
Knuth, 2003) or small groups (Fuentes, 2018) in ways that maintain mathematical quality;
attention to students’ lives outside of school (Yamauchi et al., 2005); or some combination of
these teaching practices. Whether these supports can foster students’ mathematical engagement
remains at the level of conjecture, and an observation tool could explore this conjecture.
Development Process and Use of our Observation Tool

The SMILES project’s observation tool measures the extent to which potentially engaging
teaching practices are present in a lesson. The tool does not establish whether instruction was
engaging for students. Student engagement in observed lessons was assessed by an in-the-
moment student survey using Experience Sampling Methodology (Jansen et al., 2019; Schiefele
& Csikszentmihalyi, 1995).

The final version of the tool includes fifteen rubrics to assess eight dimensions of academic
support and seven dimensions of social support. Rubrics designed for academic support
measured students’ opportunities for sense making and reasoning, connections between
representations or strategies, pressing students to explain, contexts of tasks, mathematical
correctness, mathematics language use, feedback, and students’ opportunities for agency and
autonomy. Social support rubrics assessed whole class discourse, small group discourse, status
raising and positioning students as competent, motivational discourse, enthusiasm about
mathematics, attention to students’ lives, and accountability and high expectations. We defined
each dimension with descriptive levels. Each dimension was scored on a four-point rubric with
points (0-3) assigned to index each level: absence or the opposite of ideal enactment (0), weak
level of enactment (1), moderate level of enactment (2), and strong level of enactment (3). Each
rubric included a definition of the teaching practice, and we defined the observable indicators for
each level of enactment. We share an example observation rubric below in Figure 1.

Social Support 6: Attention to Students’ Lives

This rubric captures the degree to which the teacher attempts to connect with students’ lives

while teaching.
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Strongly The teacher speaks about more than one example of cultural events or outside
Present (3) of school events during instruction OR talks with multiple students about
aspects of their lives outside of school or mathematics class in ways that are
incorporated into instruction.

Moderately The teacher speaks about one example of cultural events or outside of school

Present (2) events during instruction OR talks with one student about aspects of their
lives outside of school or mathematics class in ways that are incorporated into
instruction.

Minimally The teacher mentions cultural events, outside of school events, or other

Present (1) information personal to any students during class, but does not incorporate it

into instruction.

Not Present The teacher does not mention/discuss anything personal to students during
(0) instruction.

Figure 1: Rubric for teachers’ efforts to attend to students’ lives

The SMILES project’s observation tool is designed to investigate potentially engaging
teaching practices during an activity within a lesson. Before each classroom observation, we
asked teachers to complete an online form in which they would nominate a potentially engaging
activity that would take place within the lesson. Members of our research team video-recorded
the entire class period, with a particular focus on these activities, which ranged from roughly 10
to 45 minutes with a median length of 30 minutes. These teacher-selected potentially engaging
instructional activities lasted between 9 minutes and 40 seconds and 45 minutes and 40 seconds,
with a median length of 29 minutes and 42 seconds.

We applied the observation tool rubrics to the video recorded activities in 10-minute
segments. If the last segment was under three minutes, it was not rated. Each 10-minute segment
in an episode was individually rated by two coders on the research team, who then met to resolve
disagreements in scoring. Coders resolved disagreements in their segment ratings for each rubric
by describing the observed behavior they used as evidence when scoring and how they
interpreted that behavior within the framework of a rubric. Resolved scores for each segment
were assigned. Episode scores were determined by averaging the resolved segment scores for
each rubric.

To calibrate rating criteria and to address potential coding drift, all observation team
members met at least once per academic semester to train for rating consistency with the
observation tool and to resolve any outstanding questions that had arisen during the resolution
procedures. Training involved all raters coding the same episode independently and meeting to
resolve disagreements as a team. Orientation to the coding concepts also included reading and
discussing relevant literature as a team (e.g., Middleton, Jansen, & Goldin, 2017).

Research questions. This report consists of two studies that respectively illustrate the
validity and reliability processes used for the SMiLES project’s observation tool. These studies
answer two research questions:

1. Validity study: To what degree did the rubrics in the observation tool align with
appropriate phenomena (instructional practices that promote mathematical engagement)?

Olanoff, D., Johnson, K., & Spitzer, S. (2021). Proceedings of the forty-third annual meeting of the North American
Chapter of the International Group for the Psychology of Mathematics Education. Philadelphia, PA.

Articles published in the Proceedings are copyrighted by the authors.



Proceedings of the 43rd Annual Meeting of PME-NA 1812

2. Reliability study: To what extent did raters in our research team reach agreement when
rating observation episodes? When there was initial disagreement, what explained lack of
agreement?

Method: Participants and Context

The SMILES project team collected classroom observation data from 29 secondary
mathematics teachers’ lessons in two U.S. states. Sixteen of these teachers taught in a mid-
Atlantic state and 13 taught in a southwestern state. Twenty-one teachers were female and eight
were male. The teachers also represented a variety of racial and ethnic backgrounds, with 22
teachers identifying as white, two identifying as Black, two identifying as Latinx, and one each
identifying as Asian, Black/Hispanic, and White/Asian. The teachers worked with a diverse
student population. In the Mid-Atlantic, the schools’ demographics ranged from 12-34% low
income, 25-60% white, 27-47% Black, and 6-21% Latinx. In the Southwest, the schools’
demographics ranged from 76-94% low income, 1-6% white, 1-16% Black, and 77-96% Latinx.
We targeted courses at the equivalent of on-grade level mathematics for ninth and tenth grade
students, which included topics-based courses in the southwestern U.S. (Algebra I, Geometry)
and integrated courses in the mid-Atlantic (Integrated Math [IM] 1, IM 2, IM 3). Each class
period was observed two or three times during a course. A course was either one semester (if on
block scheduling, such as schools in the mid-Atlantic) or a full academic year (southwest
schools). The reliability study was conducted on a subset of these data.

Validity Study
Procedures

Characterizing teaching is a qualitative practice, and we conceptualize validity as
multifaceted in qualitative work. Hayashi et al., (2019) present a variety of validity frameworks
for qualitative work, including the following: Descriptive validity concerns the ability of the
report of an event to faithfully record its important features. The interdependence of observations
and the descriptions of those observations must be developed from theory. Interpretive validity
concerns the ability of the tool to help the researcher construct the meaning of the events and the
behaviors of the people engaged in those events. Theoretical validity refers to the consistency of
the analytic coding and the theoretical argument that is constructed. It is thus concerned with the
truth of the concepts and classifications developed in the analysis, and the ways in which the
concepts and classifications interrelate in the abstraction of the event to the (nascent or
developing) theory. Validity generalization refers to the ability of the method to be used in other
situations, times, and places. For an instrument such ours, its descriptive and interpretive
frameworks and its theoretical validity should be applicable in a new context.

Our first step toward internal conceptual validity was to operationalize the construct of
engaging secondary mathematics instruction grounded in a theoretical frame from research
literature (theoretical validity). This framework was developed by two researchers with expertise
both in mathematics teaching and learning from mathematics education and motivation and
engagement from educational psychology. For rubric development, we then translated the
theoretical framework into descriptive rubric levels for each teaching practice. To internally
examine construct validity in the rubrics, the entire research team (composed of graduate
students and faculty with expertise in mathematics education or psychology) met multiple times
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to discuss whether and how these levels reflected the desired teaching practices and whether the
descriptions were observable and amended accordingly.

We then piloted the tool by rating publicly available video from the TIMSS video study
[http://www.timssvideo.com/] (descriptive validity). This pilot study involved all members of the
research team rating the same two videos using the rubrics. The team met as a whole group to
compare and contrast their ratings. Disagreements were discussed and the levels of enactment for
each rubric were then specified further. A rubric to describe the nature of teacher feedback was
added to reflect this teaching practice as a result of piloting.

To externally examine construct validity of the observation tool rubrics and individual rubric
levels, we shared the observation tool with an expert panel, the SMILES project’s advisory
board, which consisted of experts in educational psychology and mathematics education
(interpretive and theoretical validity). All of the researchers in the advisory board had studied
mathematics or science engagement in the context of learning environments, and they had all
developed methods for studying teaching practices that support students’ engagement. The
results of the validity study reflected the team’s learning from the expert panel.

Results

We initially generated twelve dimensions or rubrics based on our review of the research
literature, and the expert review panel for our validity process led to three new rubrics. At the
team’s first advisory board meeting, three months into the three-year project, we shared the first
draft of the observation codebook. The draft reflected a review of the literature, internal construct
validity meetings, and revisions to the codebook after piloting it. Advisory board members then
suggested additional rubrics that supported equity in mathematics teaching and learning.

As a result of external feedback, we revised the observation tool to reflect a broader
conceptualization of equity in potentially engaging mathematics teaching (interpretive validity).
In our initial rubrics, we approached equity primarily as access by writing rubrics that measured
opportunities for students to experience sense making and reasoning, connections, tasks in
context, and other aspects of high-quality mathematics instruction. We acknowledged that access
is only one dimension of equity (Gutiérrez, 2002). Some of these rubrics were more closely
aligned with supporting students’ identities.

We added three rubrics related to promoting equity in mathematics teaching after feedback
from our advisory board, resulting in 15 rubrics in all. We added a rubric about attention to
students’ lives in mathematics teaching (see Figure 1) (Yamauchi et al., 2005). Attention to
students’ lives could align with identities as students could begin to see themselves reflected in
mathematics. We also added an accountability rubric to examine whether and how teachers held
students to high expectations, acknowledging that high expectations are necessary but not
sufficient to achieve equity (Lubienski, 2002). One final rubric was added after the pilot year of
data analysis: student enactments of agency and autonomy. Our initial rubrics did not appear to
capture the opportunities that students had to exhibit control over their own learning (Kosko,
2016). Opportunities to enact agency are chances for students to develop productive mathematics
identities (Gresalfi et al., 2009).

Reliability Study
Data Sources
To investigate whether and how our rubrics could be applied consistently across raters, we
conducted a reliability study of the analysis of 149 video-recorded episodes of teacher-selected
potentially engaging activities. Each of these observation episodes was rated by two analysts. We
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dispersed resolution assignments to ensure that duplicate pairs of raters were minimized. Across
the 11 raters who were on the team at any point from 2018-2020, 43 unique pairs of raters were
assigned to resolve scores. The most resolutions shared by any single pairing was 19 episodes.
The resolution process began with both raters independently scoring each 10-minute segment
of the observation video across each of the 15 rubrics in the observation tool. Every score was
justified by documentation of evidence from the recorded observation, including timestamps.
Raters then met to discuss any discrepancies in their initial ratings and to resolve the scores for
each segment. This resulted in resolved scores for each rubric by segment, as well as episodic
scores which were the average of resolved segment scores for each rubric. Every observation
which was coded involved this resolution process; no episode was analyzed by a single rater.
During the final round of observation resolutions, raters also identified the nature of any
initial disagreement in their individual scores to better understand the reliability of the
observation tool. They identified whether any initial disagreement was the result of one rater
noticing additional evidence in the video (resulting in a higher or lower score) or whether the
initial disagreement was the result of conceptual differences between the raters with regards to
the rubrics themselves (i.e., the same evidence was given different ratings).
Analysis Procedures
Following paired ratings, the Intraclass Correlation Coefficient (ICC) for each rubric was
computed to examine the reliability of initial ratings prior to the resolution process. An excellent
ICC, or a value greater than 0.9 (Portney & Watkins, 2000), could indicate that the resolution
process was unnecessary (i.e., raters almost always agreed on the rubrics in their initial ratings).
In contrast, a poor ICC of less than 0.5 (Portney & Watkins, 2000) suggests value in resolving.
The ICC used to determine reliability was a 2-way random effects model. Initial segment
ratings were converted to a “low” and “high” score depending on how the two initial raters
scored each rubric (low and high scores would be the same value when the initial scores were the
same). In total 447 segments were analyzed for the ICC.

Table 1: Reliability Statistics (Absolute Agreement)

Academic Support Intraclass Correlation Social Support  Intraclass Correlation
Instruction Rubrics (Average Measures) Instruction Rubrics (Average Measures)
AS1: Sense-making & reasoning .618 SS1: Whole-class discourse .809
AS2: Connections: representations & .602 SS2: Small-group discourse 737
strategies
AS3: Pressing students to explain .661 SS3: Status-raising / positioning .675
students
AS4: Context of tasks .879 SS4: Motivational discourse 581
ASS5: Mathematical correctness .378 SS5: Enthusiasm about mathematics  .524
AS6: Mathematical language .548 SS6: Attention to students’ lives 476
precision
AS7: Feedback .530 SS7: Accountability & high .505
expectations
AS8: Agency and autonomy .620
Note: N =447
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The initial rubric scores held an ICC of between .378 and .879, with an average of .610
(Table 1). Two rubrics (mathematical correctness and attention to students’ lives) had poor
reliability (.378 and .476, respectively). The remaining rubrics had moderate reliability of
between 0.5 and 0.75 except for AS4 (context of tasks) and SS1 (whole-class discourse) which
had good reliability (.879 and .809, respectively). Recall that ICCs were calculated based on
initial ratings, prior to resolution meetings.

The relatively low ICC values for the majority of the scales indicated a need for some
process of resolution. This led to three important questions: 1) Was a resolution meeting
necessary, wherein the source of discrepancy and its nature are discussed, when the mean of the
raters’ initial scores could suffice?; 2) In instances when raters’ initial scores differed, what was
the magnitude of the discrepancy?; and 3) Regarding the nature of disagreements, did
disagreements reflect attention to different evidence or disagreements about interpreting the
rubric?

To address the first question, the differences between the mean of raters’ initial scores and
the final resolution score were analyzed for instances when initial agreement was not achieved.
While individual differences would be expected here, in the aggregate such differences would
balance out if the resolution meetings held no consistent sway on the resolved score--i.e., if the
discrepancy were random error. The second question was answered by looking at the magnitude
of any initial disagreements - describing whether these disagreements were mostly of a single
rubric point or whether they represented greater disagreement among raters.

To answer the third question, raters were asked to describe the nature of any initial
disagreements with observations resolved in the Spring of 2020 onward. This resulted in such
data for 70 different segments, or 1,050 resolved scores spread across the 15 rubrics. For each
rubric in every segment where there was a disagreement, raters identified whether this resulted
from individuals observing the same evidence and rating it differently or whether different raters
identified different aspects of the same phenomenon resulting in different initial scores.

Results

The most frequent outcome for resolutions was an increase of 0.5 relative to the mean of the
initial scores for each rubric. The exception to this was mathematical correctness, which most
frequently dropped 0.5 points and accountability and high expectations which most frequently
resolved to the initial mean. The most common difference in initial ratings was 1, which held
true for every rubric in the observation tool. Together these results show that, when
disagreements occurred, they tended to be minor and the resolution discussions tended to result
in agreement on the higher score (e.g., initial scores of 1 and 2, with a mean of 1.5, would be
expected to resolve to a 2).

Within the 1,050 resolution scores analyzed to understand the nature of such disagreements,
405 initial disagreements occurred. Among these, 60 (15%) occurred when raters observed the
same evidence but still initially disagreed on their rating and 346 (85%) occurred when raters
observed different evidence which influenced their initial scores. The fewest disagreements arose
for whole-class discourse (8, with 0 for same evidence and 8 for different evidence) and the most
arose for connections with representations and strategies (40, with 4 for same evidence and 36
for different evidence).

Discussion
Our process of establishing validity suggests that the SMiLES project’s observation tool has
potential for measuring mathematics instructional practices that are potentially engaging for
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secondary students. The rubrics align with prior research about engaging mathematics
instruction, as suggested from both internal and external conceptual validity investigations. This
tool offers a set of rubrics that differs from existing observational tools designed to investigate
high quality mathematics instruction for supporting students’ learning.

Our external validity study afforded an opportunity to reflect on mathematics teaching for
equity in relation to mathematics engagement. Although access to high quality mathematics
instruction is important for equitable teaching and learning, it is a limited conception of equity.
We revised our observation tool to capture how teaching could potentially support development
of students’ identities to address another dimension of equity (Gutiérrez, 2002).

Regarding reliability, the moderate to good ICCs for all but two of the rubrics showed
general agreement of raters prior to resolution meetings, but not to an extent that would justify
removing the resolution meetings from the observation analysis process. When disagreements
did arise, they were typically minor but still afforded valuable insight when resolving scores. In
some cases (~15%) the coders had conceptual differences in understanding mutually observed
evidence, but in most cases (~85%) one coder had captured additional evidence which
strengthened the justification of the final, resolved score.

Such results support the original intention of the resolution meetings as a way to ensure that
various manifestations of these instructional supports are actually captured from the data. The
data was not just “double coded” and averaged by the research team, but rather every single
rubric score was discussed and agreed upon. Conceptual differences were thus addressed
continually as they arose in the data, and coders had opportunities to gauge the sum of their
evidence before committing to a rating. Since resolved ratings trended higher than the mean of
the initial ratings, this could indicate that these meetings uncovered more evidence of potentially
engaging mathematical instructional practices than otherwise would have been revealed.

Reliability training and double coding are valuable tools for qualitative research, but they do
not transform qualitative analysis into an automated endeavor. The SMiLES project’s resolution
process identified one way in which the human capital of a research team can be utilized to
strengthen analysis and more reliably capture relevant findings. Through this approach,
disagreements are not a source of alarm but rather an opportunity to strengthen the foundation of
the work itself. Initial ratings are not immutable but rather subject to interpretation and revision.
Through this process, the complex nature of these engaging mathematical instructional practices
— and, in turn, the work of these educators endeavoring to make them a reality — is better
recognized.

The SMILES project’s observation tool demonstrates promise for investigating the presence
and quality of potentially engaging instructional practices. The process we used when enacting
the process of double coding provided a powerful approach for assessing instruction thoroughly.
Events in a classroom are complex, and our research team found it helpful to have more than one
coder noticing events that could be relevant. With this tool and this analytic process, perhaps the
field can go further to understand how mathematics teaching can engage secondary students.
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