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Article

Research into professional development has reached a turn-
ing point. A consensus achieved over the past decade about 
features that maximize the effectiveness of professional 
development (e.g., Borko, 2004; Desimone, 2009; Desimone 
& Garet, 2015; Kennedy, 1999) has been buffeted by recent 
and disappointing evidence from randomized clinical trials 
of well-designed, well-funded programs (e.g., Garet, Porter, 
Desimone, Birman, & Yoon, 2001; Garet et  al., 2010; 
Santagata, Kersting, Givvin, & Stigler, 2011). Many of these 
programs incorporated the features thought critical to profes-
sional development success—a content focus, alignment 
with existing curriculum, length (multiple weeks or a school 
year) that allows teachers time to hone their craft, and use of 
artifacts of classroom practice such as videotape or student 
work—yet few have been found to affect teacher and student 
learning (Wayne, Yoon, Zhu, Cronen, & Garet, 2008). 
Elsewhere we have argued that researchers should comple-
ment such large-scale evaluations of specific programs with 
smaller scale experiments that systematically test program 
features (Hill, Beisiegel, & Jacob, 2013). By testing the effi-
cacy of such features prior to scale-up, developers can both 
optimize their program design and contribute to the knowl-
edge base about effective professional development.

Here we illustrate such an approach by describing an 
exploratory experiment conducted during the design phase 
of video-based mathematics teacher professional develop-
ment. In this professional development program, teachers 

watched and analyzed video in pursuit of improved under-
standing of instruction. We argue that the research literature 
around such models invites two questions: What type of 
video is most effective? And what role should the facilitator 
play in the analysis and discussion of video? On the first 
count, teachers could analyze videos from one of two 
sources: videos of themselves and their peers teaching math-
ematics lessons, or stock video culled from contemporary 
video libraries. On the second count, facilitators could have 
a strong hand in governing discourse around the video, or 
could scaffold teachers to lead the discussion themselves. 
Though these are not the only questions in the field, we 
found them critical decision points in the design of our pro-
gram, and expect that other professional developers may face 
similar uncertainties.

Below, we describe our research investigating the effects 
of video source and type of facilitation on professional devel-
opment processes—the nature of teachers’ conversations and 
analyses of their own videos—and proximal outcomes, 
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including teachers’ use of a framework introduced in profes-
sional development to structure their thinking about practice. 
In the sections that follow, we discuss the literature that 
sparked the questions outlined above, the design of our study 
and testing of each case, and the results of our inquiry.

Research on Mathematics Professional 
Development

A core component of our program is the use of classroom 
video in mathematics teacher professional development. This 
approach has increased over the last two decades, in part 
because advocates have noted that watching video clips of 
teaching provides teachers a common context for observing 
and analyzing instruction (Borko, Koellner, Jacobs, & Seago, 
2010; Calandra, Brantley-Dias, Lee, & Fox, 2009; Hixon & 
So, 2009; Sherin, 2003) while preserving “the complexity and 
contextual nature of classroom teaching” (Kersting, 2008, p. 
848). Studies have demonstrated that video use supports 
teacher noticing of salient aspects of practice, including stu-
dent thinking and interactions between teachers and students 
(Borko, Jacobs, Eiteljorg, & Pittman, 2008; Mitchell & 
Ariemma-Marin, 2015; Sherin & van Es, 2005; Tripp & Rich, 
2012; van Es & Sherin, 2010). Similarly, analysis of video 
appears to support teachers’ learning about new instructional 
strategies (Sun & van Es, 2015), and teachers have reported 
applying in their lessons what they have learned through video 
analysis (Christ, Arya, & Chiu, 2014). As two examples, van 
Es and Sherin (2010) found that teachers who shared clips 
from their own lessons increasingly probed students’ thinking 
and made students’ ideas public, and Roth and colleagues 
(2011) found that teachers who analyzed their own lessons 
significantly increased their use of student thinking strategies.

Furthermore, researchers have found that teachers’ ability 
to analyze video recordings of mathematics lessons is related 
to increases in teacher knowledge and students’ learning of 
mathematical topics (Kersting, Givvin, Sotelo, & Stigler, 
2010; Kersting, Givvin, Thompson, Santagata, & Stigler, 
2012; Seago, Jacobs, Heck, Nelson, & Malzahn, 2014). As 
another example, in a rigorously designed trial, professional 
development in which science teachers used both content- 
and student-focused lenses to analyze video improved teach-
ers’ content and pedagogical content knowledge, changed 
classroom practices, and improved student achievement 
(Roth et  al., 2011). However, whose videos are used and 
what type of facilitation is necessary for program success are 
still open questions in the research literature (Seidel, Stürmer, 
Blomberg, Kobarg, & Schwindt, 2011; Sherin & Han, 2004; 
Zhang, Koehler, & Lundeberg, 2015). Below, we describe 
research in these two areas.

Type of Video

One question concerns the source of video—that is, whether 
teachers should watch and analyze videos of their own 

teaching or videos culled from a library (Gaudin & Chaliès, 
2015; Kleinknecht & Schneider, 2013). The decision to use 
teachers’ own video carries several potential benefits and 
costs. Logically, one might expect that teachers analyzing 
their own teaching would increase the potential impact of the 
activity on practice, as they are critically viewing their own 
classrooms and receiving direct feedback regarding how to 
improve instruction (Harlin, 2014; Snoeyink, 2010). In addi-
tion, teachers viewing their own lessons find the experience 
more motivating and activating than teachers watching 
unknown teachers’ lessons (Seidel et al., 2011). Moreover, if 
colleagues within schools or districts watch videos together, 
they can bring contextual information to bear on the instruc-
tion they analyze—for instance, how that instruction 
responds to the specific needs of students or to district 
instructional guidance (Borko et  al., 2008; Goldsmith & 
Seago, 2011).

However, when viewing their own and their peers’ les-
sons, teachers are often hesitant to analyze and make critical 
comments about each others’ teaching (van Es, 2012; Zhang, 
Lundeberg, Koehler, & Eberhardt, 2011). Furthermore, 
teachers may “unconsciously develop a ‘deceptive dis-
course’” to avoid conversations that lead to criticism of their 
own and others’ teaching (Seidel et  al., 2011, p. 261). 
Schools’ “culture of nice,” as some researchers have called 
it, may mean teachers engage in surface-level collaboration 
without gaining real insight into their teaching practices 
(MacDonald, 2011). Teachers may also experience problems 
with camera set-up, video capture, and processing (Zhang 
et al., 2011)—problems that may impede the successful use 
of the own-video condition at scale.

The use of stock video also has potential benefits and 
limitations (Gaudin & Chaliès, 2015). Such videos can be 
carefully chosen to highlight specific aspects of instruction 
and to allow program designers to build a set of stable 
resources surrounding each video—for example, mathemati-
cal explorations matched to video content, descriptions of 
the classroom context, and even videos showing contrasting 
methods for teaching identical content. This feature may 
result in more uniform professional development sessions. 
Stock video may also allow groups to engage in more critical 
discourse. For example, researchers found that teachers 
became more involved in discussions about video-recorded 
lessons of unknown teachers in comparison with teachers 
who watched one another’s lessons (Seidel et  al., 2011). 
Also, teachers who watched unknown teachers’ videos were 
more reflective and discussed the consequences of the teach-
ers’ actions in greater depth (Kleinknecht & Schneider, 
2013). However, stock video suffers from the problem of dis-
tance from teachers’ classrooms; in particular, teachers who 
do not identify with the grade level, content taught, or the 
population of students may feel that the instructional prac-
tices highlighted by the video do not apply to them 
(Kleinknecht & Schneider, 2013; Seidel et al., 2011; Zhang 
et al., 2011).
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Although empirical comparisons of these two conditions 
are scarce, one study that did make such comparisons found 
that having teachers watch their own lessons had greater 
positive effects by “providing teachers with a more activat-
ing experience” (Seidel et al., 2011, p. 266). Another study 
(Zhang et  al., 2011) was more equivocal, finding benefits 
from both conditions. In viewing their own videos, teachers 
were able to see their classrooms from multiple angles. In 
addition, some teachers observed that their peers often 
noticed aspects of instruction that they themselves did not. 
However, some evidence in favor of stock video emerged as 
well; teachers who watched stock video found it to be a use-
ful comparison with their own teaching and were able to 
modify their instruction by absorbing others’ techniques 
(Zhang et al., 2011). Roth and colleagues (2011) used both 
stock- and own-video cases, in that order, in their successful 
program. Looking at researchers’ insights regarding this pro-
gression, we extend this line of research by contrasting two 
conditions: one in which teachers watch only stock video and 
one in which teachers progress from stock video to watching 
and analyzing their own videos.

Type of Facilitation

In the last two decades, professional development models that 
are more teacher-directed, such as teacher inquiry groups, les-
son study, and professional learning communities, have prolif-
erated in schools alongside more traditional, facilitator-directed 
models. Advocates suggest that teacher-directed groups can 
take an inquiry stance regarding their own practice and col-
lectively work to address dilemmas in teaching and learning 
(Cochran-Smith & Lytle, 2009; Garet et al., 2001; Hargreaves, 
1996; Loucks-Horsley, 1996; MacDonald & Shirley, 2009; 
Stoll, Bolam, McMahon, Wallace, & Thomas, 2006). In these 
settings, teachers and facilitators co-construct knowledge; nei-
ther holds ultimate authority and teachers generally command 
a strong role in the development of craft knowledge and best 
practice (Cochran-Smith & Lytle, 2009). Such teacher-directed 
groups can be advantageous both politically, as they make 
clear that teachers hold the knowledge to improve instruction, 
and practically, as such groups do not require costly external 
facilitation.

Despite interest in teacher-directed professional develop-
ment, few studies have examined the effect of external ver-
sus teacher facilitation on program processes and outcomes 
(Coles, 2014). In the area of video-based professional devel-
opment, Calandra and colleagues (2009) observed nonfacili-
tated, preservice teacher video-based reflection sessions and 
noted that teachers attended to superficial features of prac-
tice, such as talking speed or time management. van Es and 
Sherin (2006) found that discussions in a teacher-led video 
group stayed broad and addressed a wide range of topics, 
such as classroom climate and management. By contrast, 
results from studies in which facilitators led group discus-
sions showed a tighter focus on salient features of mathemat-
ics practice (Borko et al., 2008). They further found that a 

facilitated group developed a more focused and interpretive 
view of student thinking when analyzing videos of mathe-
matics instruction. Borko and colleagues (2008) noted that 
facilitators “provided more specific guidance for the discus-
sions around video and encouraged the teachers to take a 
more critical stance” (p. 433).

Of the above, only one study (van Es & Sherin, 2006) 
directly compared facilitated and nonfacilitated groups while 
holding the content of the professional development con-
stant. Furthermore, a literature search yielded no studies 
comparing types of facilitation (e.g., teacher-led or facilita-
tor-led). Sessions that are teacher-led but that have an exter-
nal facilitator present may combine the attractive features of 
both levels. Given that even advocates of teacher-directed 
professional development generally acknowledge a role for a 
facilitator (Richardson, 2003), the present study varied the 
types of facilitation during meetings to help determine how 
this variable influences program outcomes.

The Present Study

With these issues in mind, we aimed to design teacher pro-
fessional development focused around the analysis of video 
with a specific observational tool—the Mathematical Quality 
of Instruction instrument (MQI). The MQI was developed to 
focus on and capture the quality of mathematics in elemen-
tary classrooms offered by teachers and/or students (Hill 
et al., 2008). It contains four main dimensions with multiple 
codes beneath each (see Table 1). The instrument was devel-
oped from a grounded analysis of classroom video (Hill 
et al., 2008). This analysis revealed that teachers varied in 
the amount of meaning, sense-making, and disciplinary prac-
tices offered to students (Richness of the Mathematics); in 
the extent to which teachers took up student ideas or remedi-
ated student misconceptions (Working With Students and 
Mathematics); in the presence of teacher errors (Errors and 
Imprecision); and in the extent to which students engage in 
mathematical reasoning, explanation, and high-cognitive 
demand tasks (Common Core Aligned Student Practice). 
Similar to the argument made in Hiebert and Grouws (2007), 
this grounded analysis found that these dimensions varied 
independently. For instance, teachers who offered students 
opportunities to work on high-cognitive demand tasks did 
not always have a strong meaning orientation, and those with 
a strong meaning orientation sometimes made mathematical 
errors during instruction.

Each code on the MQI has a description and is scored as 
either not present, low, mid, or high. As an example, the 
Explanations and Mathematical Sense-Making code aims to 
capture instances of why—why a mathematical procedure 
works, why a solution method is appropriate, or why an 
answer is true. If no mathematical explanations or instances 
of sense-making are present, the clip is scored as not present 
for this code. A clip from a lesson is scored as low if there is 
an isolated explanation or instance of sense-making. It is 
scored mid if two or more brief explanations are present in 
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the clip or an explanation is more than briefly present. 
Finally, a clip is scored as high if one or more explanation(s)/
attention to sense-making is the focus of instruction and 
teacher–student discourse. The MQI draws observers’ atten-
tion to these mathematics-specific elements of instruction 
and away from other classroom issues.

Researchers have recently connected teachers’ MQI 
scores and student outcomes. Specifically, Hill, Umland, and 
Kapitula (2011) found that the MQI’s overall measure of 
mathematics instructional quality also correlated with stu-
dent outcomes. Blazar (2015) found that lessons that received 
high scores in the grouping of the three dimensions Richness 
of the Mathematics, Working With Students and Mathematics, 
and Common Core Aligned Student Practices were posi-
tively correlated with student outcomes, whereas the dimen-
sion Errors, Imprecision, and Lack of Clarity had a negative 
correlation with student outcomes. Garet and colleagues 
(2016) found that the dimension Errors and Imprecision was 
predictive of student performance (e.g., more errors, lower 
student performance).

The research literature suggests that using such an obser-
vation tool for professional development could provide 
teachers concrete opportunities to reflect on and improve 
their practice. Specifically, researchers have noted that with-
out a lens or framework to view instruction, teachers might 
not notice what researchers intend for them to notice (Star & 
Strickland, 2008) or they may develop what Mason (2011) 
referred to as “fragmented awareness” with “inconsistent 
orientations” (Roth-McDuffie et al., 2013, p. 248). In con-
trast, researchers have found that frameworks for viewing 
lessons provide structure, focus, and a common orientation 
(Roth-McDuffie et al., 2013; Walkoe, 2015). The objective 
of using the MQI in professional development settings is not 
to classify mathematics instruction as good or bad; instead 
the goal is to more deeply understand the quality of mathe-
matics found in lessons and to connect that understanding to 
teaching practices.

Prior to full implementation, we piloted MQI-based profes-
sional development with a small group of teachers and revised 
the instrument based on their feedback. For example, in the 

Errors and Imprecision dimension, teachers disliked being 
scored on three different types of errors (major mathematical 
errors, imprecision, and lack of clarity). Thus, those codes were 
collapsed into one. The result of this piloting is the Mathematical 
Quality of Instruction for Professional Development instru-
ment (MQI-PD), which consists of a subset of dimensions and 
items from the full-length MQI (Hill et al., 2008).

Once we finalized the MQI-PD, we next used a small, 
exploratory study to determine which condition, or combina-
tion of conditions, would be best for taking into a more for-
mal, rigorous field trial. Because we expected that video 
source and facilitation type might interact to produce unique 
outcomes, we selected a factorial design (Montgomery, 
1991). Similar to other professional development studies 
(Heller, Daehler, Wong, Shinohara, & Miratrix, 2012), we 
held the content of the professional development—in this 
case, the MQI-PD and general structure of the professional 
development sessions—constant across treatment groups to 
allow an independent estimate of the role of video source and 
facilitation type. Because outcomes may vary by local con-
text and facilitator, we recruited three groups for each condi-
tion, for a total of 12 treatment groups, to understand the 
effects of each condition.

We hypothesized that participation in this professional 
development and/or in specific conditions would lead to dif-
ferences in the way teachers thought about and analyzed 
instruction. Specifically, we asked about professional devel-
opment processes, investigating whether video source or 
facilitation type influences the quality of teachers’ conversa-
tions. We also explored our process data for the potential 
emergence of a “culture of nice” in the own-video condition. 
Then we asked three questions about outcomes:

1.	 Does participation in the professional development 
program lead teachers to use concepts and knowledge 
from the MQI-PD to structure their analysis of practice, 
as contrasted with teachers in a comparison group?

2.	 What role does the type of video or facilitation play in 
teachers’ use of concepts and knowledge from the 
MQI-PD to structure their analysis of practice?

Table 1.  MQI Dimensions and Codes.

Richness of the Mathematics
Working With Students and 

Mathematics Errors and Imprecision
Common Core Aligned Student 

Practices

•• Linking between 
representations

•• Explanations
•• Mathematical sense-making
•• Multiple procedures or 

solution methods
•• Patterns and generalizations
•• Mathematical language

•• Remediation of student 
errors and difficulties

•• Teacher uses 
student mathematical 
contributions

•• Mathematical content 
errors

•• Imprecision in 
language and notation

•• Lack of clarity in 
presentation of 
mathematical content

•• Students provide 
explanations

•• Student mathematical 
questioning and reasoning

•• Students communicate 
about the mathematics

•• Task cognitive demand
•• Students work with 

contextualized problems

Note. MQI = Mathematical Quality of Instruction instrument.
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3.	 Are participants more critical of their own instruction 
than teachers in a comparison group, and does facili-
tation type or video source play a role in encouraging 
teachers to become more critical?

The scope of this study did not allow us to examine 
instructional or leaning outcomes. Based on the research lit-
erature (e.g., Allen, Pianta, Gregory, Mikami, & Lun, 2011; 
Borko et al., 2010; Christ et al., 2014; Cohen, 2004; Kersting 
et  al., 2010; Kersting et  al., 2012; Kiemer, Gröschner, 
Pehmer, & Seidel, 2014; Seago et  al., 2014), we reasoned 
that changes in teacher thinking are a first step toward chang-
ing classroom practice and improving student outcomes. For 
example, van Es, Tunney, Goldsmith, and Seago (2014) 
found that teachers learned to attend to students’ mathemati-
cal thinking and as a result, changed their teaching practices 
to focus more on students’ ideas (p. 341). Thus, we argue that 
using these proximal outcomes to test the intervention and its 
permutations is sufficient for exploratory, design-oriented 
trials like the one described here.

Method

We collected and analyzed qualitative and quantitative data 
to answer the research questions above, allowing us to trian-
gulate between different sources of evidence regarding pro-
gram and condition effectiveness in restructuring teachers’ 
analyses of practice. We describe the specifics of our sample, 
intervention, data collection, and analyses below.

Sample

To recruit participants, we first approached leaders in local 
districts. In the districts whose leaders supported the study, 
the researchers gave a presentation about the study to teach-
ers, and teachers voluntarily signed up for the study. Based 
on this approach, 126 treatment and 20 comparison group 
(untreated) teachers were recruited from six districts in the 
northeastern and northwestern United States. The teachers 
taught in Grades 3 through 8. While the original intent of the 

study was to randomly assign individual teachers to condi-
tion, we moved to assignment to group based on logistics 
(e.g., travel and schedule constraints, teachers’ desire to be in 
the same group as their colleagues). As a result, 12 treatment 
groups were created by clustering teachers within location 
and, if there were enough teachers for multiple groups within 
a location, by schedule. For two sites, teachers were also 
clustered by grade level partly based on school release time 
for the different grade levels (see Table 2).

These groups were then each randomly assigned to a con-
dition: own-video/facilitator-led, stock-video/facilitator-led, 
own-video/teacher-led, and stock-video/teacher-led. Teachers 
who initially enrolled but whose schedules did not permit 
them to attend the professional development formed a com-
parison group. Of the original 146 teachers, 26 withdrew 
before fall treatment sessions, citing reasons such as schedul-
ing issues and job changes, four withdrew during the study 
for personal or medical reasons, and 14 completed the initial 
and/or midpoint survey but did not complete the final mea-
sures. The program operated across two academic years, with 
a small number of comparison group teachers becoming treat-
ment group teachers in the second year of the study. This 
design is similar to others in the professional development 
field (see, for example, Roschelle et  al., 2010; Sample-
McMeeking, Orsi, & Cobb, 2012).

Procedure

The MQI-PD program consisted of three phases: an initial, 
standardized training in which all treatment teachers partici-
pated, regardless of condition; a 4-week period in which six 
groups experienced facilitator-led sessions and the other six 
experienced teacher-led sessions; and a 6-week period in 
which half of the treatment groups (i.e., half each of the facil-
itator-led and teacher-led groups) were invited to use their 
own video during the sessions (see Figure 1).

We delayed the start of the own-video sessions until the 
fifth week to allow teachers to become comfortable with one 
another, the facilitator, the instrument, and discussions about 
instruction. Six facilitators were assigned to these groups 

Table 2.  District Participation.

District Description % minority % FRPL Year 1 condition(s) Year 2 condition(s)

1 Large urban 85.8 80 •• Facilitator-led, own-video
•• Teacher-led, stock-video

•• Teacher-led, own-video

2 Mid-sized urban 60.2 43 •• Facilitator-led, stock-video
•• Teacher-led, own-video

NA

3 Small urban 42.2 40 NA •• Facilitator-led, own-video
•• Teacher-led, stock-video

4 Suburban 25.4 12 NA •• Facilitator-led, stock-video
5 Suburban 22 20 •• Facilitator-led, stock-video

•• Teacher-led, own-video
•• Teacher-led, stock-video

6 Mid-sized urban 30 48 NA •• Facilitator-led, own-video

Note. FRPL = free and reduced-price lunch.
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based on geographical proximity and with the goal of having 
each facilitator work in more than one condition over the 
course of the study.1 We describe each phase of the profes-
sional development program in turn.

An initial standardized training session was delivered to 
all treatment groups over 15 hr before the beginning of the 
school year to familiarize teachers with the dimensions of 
the MQI-PD. Because all groups received the same train-
ing, its delivery did not affect our ability to answer the 
research questions above. Facilitators introduced each 
MQI-PD code and its scoring rules to participants, then par-
ticipants viewed video clips of diverse classroom instruc-
tion (between 3 and 5 min in length) and assigned tentative 
scores. Participants were provided transcripts for each of 
the video clips so they could ground their scoring rationales 
in evidence from the clip. Facilitators modeled scoring con-
versations for the participants and provided guidelines for 
discussing videos (Borko et al., 2008; Zhang et al., 2015; 
Zhang et  al., 2011), with an emphasis on using evidence 
from the video clips and language from the MQI-PD for 
discussing and justifying scores (Borko et  al., 2010; 
Goldsmith & Seago, 2011). Teachers then scored the video 
individually and in small groups, receiving feedback from 
the facilitator on whether their reasoning matched that of 
expert MQI-PD users.

Weekly fall sessions began roughly 4 weeks after the 
summer training. Regardless of treatment, teachers solved a 
mathematics problem related to one of the video clips (Borko 
et al., 2010), then analyzed and scored two clips with a sub-
set of MQI-PD items in these 2-hr sessions. The mathematics 
problems and stock-video clips were the same in all treat-
ment groups for the first 4 weeks of the fall sessions, which 
researchers recommend as teachers learn the method of ana-
lyzing and discussing videos (Zhang et  al., 2011). In the 
facilitator-led groups, facilitators were provided with scaf-
folds for leading the conversations, including specific ques-
tions to elicit evidence from the video clips and prompts to 
tie teachers’ responses to the text of MQI-PD codes. In the 
teacher-led groups, participants were asked to volunteer to 
lead similar conversations, with the expectation that they 
would use the discussion models provided in the initial train-
ing. The external facilitators in teacher-led groups were 
instructed to remain silent unless the conversation went off 
topic for more than a few minutes.

From the fifth week on, participants in stock-video groups 
continued to watch clips from the MQI-PD video library. 
Participants in own-video groups voluntarily shared videos of 
their mathematics classrooms. Participants were asked to 
select a lesson to record and provided with the equipment to 
do so. They were also asked to select a 3- to 5-min clip for 
scoring and the MQI-PD dimensions their peers would use to 
analyze the clip. Teachers who shared a clip did not participate 
in its scoring conversation; instead, they were asked to com-
ment and reflect at the conclusion of the conversation. Finally, 
if there were fewer than two clips volunteered by participants 
for a session, own-video-group facilitators supplemented the 
session with the same clips used in stock-video groups.

Data Collection and Analyses

Processes.  To analyze professional development processes, 
we audio-recorded weekly sessions and analyzed a subset 
(Weeks 2, 4, and 9) for fidelity to the assigned condition, as 
well as to determine any differences in conversations depend-
ing on facilitation type and video type. We expected the 
structure of the sessions to be similar across all groups, but 
that the facilitator-led sessions would have more instances in 
which the facilitator pressed for score explanations or 
encouraged group participation. Finally, to determine 
whether the type of video had an impact on the participants’ 
conversations, we looked at whether teachers in the own- or 
stock-video conditions were more likely to state the score 
and rationale they had assigned to a clip; whether they related 
to the teacher in the clip, students, or content in the video 
(e.g., making statements such as “When I teach fractions to 
fourth graders, I use a similar approach”); and if groups 
would come to consensus on how to score a clip. We expected 
that teachers in the own-video groups might be less inclined 
to talk in detail about their peers’ clips, lest they be perceived 
as too critical, and that there would be occasions in which 
they would score their peers’ clips with higher MQI-PD 
scores than warranted.

To explore whether teachers were less critical when dis-
cussing videos from colleagues’ classrooms, we also created a 
metric flagging when teachers’ scores were more lenient 
(higher) than master raters’ scores (1) or more severe (lower) 
than master raters’ scores (0). Master raters scored the partici-
pants’ own-video clips specifically for this purpose. To account 

Figure 1. MQI-PD Treatment Groups.
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for truncated outcomes due to distributions of master scores 
(i.e., over-scoring automatically occurs when the master score 
is the lowest score point, and over-scoring never occurs when 
the master score is the highest score point), we only flagged 
instances where both over- and under-scoring were possibili-
ties for teachers’ incorrect responses. Using own-video teach-
ers as our sample, we predicted teacher leniency using logistic 
regression with indicators for (a) whether the clip was derived 
from a video library or the classroom of a participating teacher, 
and (b) the teacher’s measured leniency in the weeks prior to 
beginning the own-video condition.

Outcomes.  To determine the effect of the professional develop-
ment and/or specific conditions on the way teachers structured 
their analyses of practice, we examined teachers’ open-ended 
responses to (a) short video clips and (b) reflections on their 
own lessons. Teachers responded to two clips and wrote two 
lesson reflections before, at the midpoint (Week 4), and at the 
end of the professional development. The comparison teachers 
were asked to respond to the same clips and write lesson reflec-
tions at the same time points as the treatment teachers. Table 3 
shows the questions asked at these times.

We coded teachers’ responses to determine the prevalence 
of MQI-PD-related considerations. This involved coding 
each response for the presence of any MQI-PD component 
addressed in the program (e.g., remediation of student errors, 

multiple solution methods, student engagement in mathe-
matical practices), as well as language similar to that in the 
MQI-PD. When no MQI-PD component was mentioned, the 
response was labeled “no MQI-PD.”

To assess the extent to which the MQI-PD honed teach-
ers’ definitions of commonly used mathematics education 
terms, we asked teachers whether students provided mathe-
matical explanations and/or engaged in mathematical rea-
soning during the lessons they were reflecting upon. The 
MQI-PD defines mathematical explanations and reasoning 
with a very high bar; we were interested to know whether 
teachers had adopted that bar, and thus we asked them to 
provide a short description of that explanation and/or rea-
soning, then coded those examples to determine whether 
they met the MQI-PD criteria.

We expected participating teachers might become more 
critical of and reflective about their instruction, and thus our 
fifth and sixth questions asked about any struggles in their 
lessons. We characterized responses to the question as no 
struggles, struggles with content, struggles with delivery 
(e.g., helping students access the mathematics), or struggles 
with other (e.g., management, district demands). We also 
asked teachers whether they planned to make any changes to 
the lesson prior to teaching it again.

A team of authors and MQI-PD-trained graduate assis-
tants used Dedoose to complete the coding described above. 
Coders were blind to the type of professional development 
each participant received and the teacher’s district. When 
agreement on codes reached 75%, on average, we assigned 
pairs of coders batches of reflections to code independently. 
Coders were asked to reconcile any discrepancies in assigned 
codes. One author triple-coded a random selection of about 
45% of the reflections to assess coding accuracy. Our theory 
of action held that if successful, the MQI-PD would change 
how teachers analyzed both the teaching of others and their 
own practice; how teachers use mathematical language like 
“explanation” and “reasoning” in ways that are consistent 
with their MQI-PD definitions; and that teachers would 
become more likely to critically reflect on and want to 
change their own practice, particularly around their delivery 
of content, which is the major focus of the MQI-PD. Thus, 
after coding was completed, we created seven distinct mea-
sures at each time point to capture these outcomes:

•• Teacher made MQI-PD-related comments in the video 
clip reflections

•• Teacher made MQI-PD-related comments in own-
lesson reflections

•• Teacher identified a student explanation that met the 
MQI-PD definition

•• Teacher identified an instance of student reasoning 
that met the MQI-PD definition

•• Teacher reported one or more general struggles
•• Teacher reported at least one struggle with the delivery 

of content

Table 3.  Lesson and Video Reflection Questions Pre-, Mid-, and 
Post-MQI-PD Participation.

Own-lesson reflection questions

1 What were you hoping students would learn during this 
lesson?

2 What went well in this lesson?
3 Did you or your students provide any mathematical 

explanations during this lesson? If so, please provide an 
example of such an explanation.

4 How much did students engage in mathematical reasoning 
and inquiry during today’s lesson? If students did engage 
in these practices, please give an example.

5 What, if anything, did not go well during the lesson?
6 Was there anything that you struggled with 

mathematically during this lesson? What was it? What 
made this difficult for you?

7 If you teach this lesson again next year, will you change 
anything? If so, what?

  Stock-video reflection questions

1 What stood out to you about the mathematics in the clip?
2 What stood out to you about the teaching in the clip?
3 What seems significant to you about this mathematics 

instruction?
4 In your view, is this teaching likely to lead to students 

learning the content? Why or why not?

Note. MQI-PD = Mathematical Quality of Instruction for Professional 
Development.
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•• Teacher planned to make changes in future lessons 
(coded categorically: 0 items, 1 item, 2-3 items, >3 
items)

We conducted two types of analyses on each of these 
measures. We first used Poisson regression models with 
treatment as a dummy variable to determine the overall main 
effect of attending one or more MQI-PD professional devel-
opment sessions (our treatment group) versus remaining in 
the comparison group. Second, because treatment teachers 
were further grouped into different conditions, we conducted 
additional Poisson regression analyses controlling for these 
conditions, to investigate whether there existed a heteroge-
neous effect of MQI-PD across conditions.2 Unless other-
wise noted, measures have been kept in their original scale, 
and we used a relaxed definition of statistical significance  
(p < .10) because of small sample size, because of our ability 
to triangulate between qualitative and quantitative data, and 
because the risk in incorrectly accepting the null hypothesis 
(i.e., failing to move the program forward or to take up a 
specific design) is greater than the risk of falsely rejecting 
the null hypothesis (Shavelson, 1996).

Results

Processes
Does the quality of teachers’ conversations vary by facilitation 
type or video source?  We found that across all four condi-
tions, most sessions followed the intended structure, with 
only minor differences among facilitators in pacing and 
order. However, sessions did differ in process according to 
condition. A review of session transcripts suggests that most 
facilitator-led group leaders maintained their groups’ focus 
on the video clip and pressed participants to share their 
scores and rationales with the group. Facilitators also 
addressed misconceptions about the MQI-PD items and kept 
participants involved in the conversations. In teacher-led 
groups, the volunteer facilitators made many fewer of the 
scripted facilitator moves, played a minimal role in moving 
the conversation along, and were less likely to address 

misconceptions about the MQI-PD items. Still, teachers in 
these groups referred to the language of the MQI-PD, cited 
evidence in the clip, and expressed different opinions as 
often as teachers in the facilitator-led groups.

In the own-video groups, there was significant variation in 
the extent to which participants shared video clips from their 
classrooms. Two of the six groups had full teacher participa-
tion, one group had four out of five teachers share video clips, 
and other groups had minimal participation (see Table 4).

Based on the literature described above, we expected that 
teachers in the own-video groups would be less likely to state 
their rationales, and more likely to make statements relating 
to their peers’ videos and to come to agreement about how 
they scored their peers’ instruction. However, we found only 
one discernible difference among the groups. In particular, 
we found teachers in the own-video groups more likely to 
come to consensus about MQI-PD scores on their peers’ 
clips, with more willingness to agree to disagree about the 
clips in the stock-video groups.

Did teachers assign higher-than-warranted MQI-PD scores to 
their peers’ lessons?  Next, we explore whether teachers were 
more lenient (i.e., assigned higher scores) when discussing 
videos made by their colleagues as compared with stock vid-
eos. For this analysis, we used a logistic regression to predict 
whether own-video teachers “over-scored” clips recorded by 
teachers in the group. Our analyses suggest that this was the 
case (b = 1.28, p < .00). This effect appeared even while con-
trolling for teachers’ initial propensity to over-score (i.e., 
controlling for proportion of over-scores in Weeks 1-4) as 
well as the number of opportunities for over-scoring.

Outcomes

Does participation lead teachers to use concepts and knowledge 
from the MQI-PD to structure their analysis of practice, as con-
trasted with teachers in a comparison group? Table 5 displays our 
models relating teachers’ analysis of video to their participation 
in the professional development, controlling for their initial 
video analysis score.

Table 4.  Video Clip Sharing in Own-Video Groups.

District

Year 1 Year 2

Format Teachers Clips shared Description Condition Teachers Clips shared Description

1 Facilitator-led 8 3 3 teachers, 1 clip each Teacher-led 9 4 4 teachers, 1 clip each
2 Teacher-led 6 9 3 teachers, 2 clips each;

3 teachers, 1 clip each
Stock-video — — —

3 Stock-video — — — Facilitator-led 14 8 6 teachers, 1 clip each;
1 teacher, 2 clips

4 Stock-video — — — Stock-video — — —
5 Teacher-led 7 12 2 teachers, 1 clip each;

5 teachers, 2 clips each
(none shared)  

6 Stock-video — — — Facilitator-led 5 8 4 teachers, 2 clips each
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Participants in the professional development were signifi-
cantly more likely to notice MQI-PD-related topics in the 
videos shown at the midpoint and the endpoint of the study 
(all models).3 Thus, teachers participating in the program 
used the MQI-PD to guide their analysis of video-recorded 
instruction, as compared with teachers in the comparison 
group. However, this treatment effect did not carry over into 
teachers’ reflections on their own lessons; in Table 6, we see 
that, while generally positive, the treatment was not signifi-
cantly associated with a stronger use of MQI-PD consider-
ations in teachers’ analyses of their own lessons.

Next, we turn to evidence that treatment teachers incorpo-
rated MQI-PD definitions into their use of mathematical and 
pedagogical terminology. Specifically, we had expected the 
professional development would help align teachers’ exam-
ples of student mathematical explanations and reasoning, 
elicited in their lesson reflections, and the definitions the 
MQI-PD uses for these terms. Coding for these items indi-
cated when teachers’ examples met the MQI-PD bar, and 
thus Tables 7 and 8 show the relationship between profes-
sional development participation and midpoint and endpoint 
definitional agreement (columns 1 and 3). Participation in 
the program was unrelated to teachers’ examples of students’ 
classroom explanations meeting the MQI-PD definitional 
bar; the same was true for the student reasoning variable.

Does type of video or type of facilitation play a role in teachers’ 
use of concepts and knowledge from the MQI-PD to structure 
their analysis of practice? Next, we look at whether the type of 
facilitation or origin of the video was associated with teach-
ers’ use of the MQI-PD framework to analyze instruction. 
Our tables present results for each outcome in two stages. 
First, we depict effects on the midpoint assessment compar-
ing facilitator-led and teacher-led groups (as all teachers to 
that point viewed stock video). Next, we examine the impact 
of facilitation type and video origin on our endpoint mea-
sures, by (a) combining across subgroups within type (e.g., 
facilitation type without distinguishing among origin of 
video) and (b) examining each cell individually, omitting the 
main treatment effect to aid interpretation (i.e., each group is 
compared with the comparison), and including F tests of dif-
ferences between groups. The latter analysis may be problem-
atic due to small sample sizes within each cell, but does 
provide evidence regarding the condition most conducive to 
our outcomes. ANCOVAs for these midpoint and endpoint 
outcomes show that, controlling for initial scores, sites 
explained between 5% and 14% of the variance in our 
outcomes.

Table 5 (columns 2, 4, 5, and 6) shows that no condition 
had an advantage over the others on teachers’ use of the 
MQI-PD to analyze stock-video clips. Thus, while the over-
all treatment was associated with teachers’ use of the 
MQI-PD in analyzing elements of video clips, there was no 
design element that in particular worked to foster this 

analysis. This is represented by the p values of the F tests 
comparing the effects of each condition to the others. For 
lesson reflections (see Table 6), we found that analyzing own 
videos in teacher-led groups did predict an increase in use of 
MQI-PD categories in teachers’ endpoint responses when 
compared with responses from the comparison group. The 
comparisons of coefficients at the bottom of this table also 
suggest that outcomes for the teacher-led/own-video condi-
tion were also marginally more MQI-PD-related than the 
facilitator-led/stock-video (logit difference = 0.715, p = .031) 
and the teacher-led/stock-video conditions (logit difference 
= 0.734; p = .059). Although this analysis is tentative due to 
the sample size, this finding suggests that teachers’ use of the 
MQI-PD to structure reflections on their own practice may 
best be enhanced through teacher-led sessions examining 
their own videos. It is worth remembering, however, that the 
own-video condition occurred after several sessions in which 
teachers analyzed stock video.

Columns 2, 4, 5, and 6 in Tables 7 and 8 show the effect 
of specific conditions on teachers’ use of MQI-PD-aligned 
definitions for student explanations and student reasoning, 
respectively. There were no associations between participa-
tion in a specific condition and the provision of examples of 
student explanation that met the MQI-PD definition. For stu-
dent reasoning, we observed a large negative effect of the 
facilitator-led condition overall, and the facilitator-led/stock-
video condition as compared with the comparison group and 
the teacher-led conditions. However, the impact of the facil-
itator-led condition was positive and nonsignificant at the 
study’s midpoint. Thus, overall, we conclude that there are 
no consistent patterns regarding treatment condition and 
teachers’ deployment of MQI-PD-aligned definitions.

Are participants more critical of their own instruction as con-
trasted with teachers in a comparison group? Does facilitation 
type or video source play a role in encouraging teachers to 
become more critical? Tables 9, 10, and 11, columns 1 and 3, 
display our models of the relationship between treatment 
condition and teachers’ reports of struggling with the lesson, 
struggling with delivery and content specifically when 
reporting a struggle, and their nominations of changes they 
would make when they subsequently reteach the lesson. The 
likelihood of a teacher reporting any struggle (Table 9) was 
not related to treatment condition, but the likelihood that a 
reported struggle would focus on the delivery of content 
(Table 10) was positive and statistically significant at the 
midpoint of the professional development, but not at the end. 
Teachers’ reports of planned changes to their lessons were 
related to participation in treatment at the midpoint of the 
professional development but not at the end.

Tables 9, 10, and 11, columns 2, 4, 5, and 6, show the 
relationships between specific treatment conditions and 
teachers’ reported struggles and changes. At the end of the 
program, teachers in the facilitator-led/stock-video condition 
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were significantly more likely to report a struggle (p < .10) 
than the comparison group (Table 9). An F test shows that 
the difference between facilitator-led/stock-video teachers to 
teacher-led/stock-video teachers in the number of struggles 
reported in their own-lesson reflections at the endpoint was 
marginally significant.

For treatment and comparison teachers who did report 
some struggle in their lesson reflections (n = 76 at the mid-
point; n = 61 at the endpoint), Table 10 did indicate a treat-
ment effect (against our comparison group) on whether the 
struggle reported was related to the delivery of the mathe-
matics or the mathematical content of the lesson. This effect 
disappeared, however, at the endpoint, and no specific condi-
tion appeared to be more likely to report such struggles, ren-
dering the overall interpretation inconclusive.

Discussion

This study explored whether teachers’ participation in 
MQI-PD and, in particular, four conditions formed by the per-
muting of facilitator/teacher-led and stock/own-videos led to 
changes in teacher analysis of instruction, language use, and 
critical reflection on their own practice. Based on the research 
literature (e.g., Allen et al., 2011; Borko et al., 2010; Christ 
et  al., 2014; Cohen, 2004; Kersting et  al., 2010; Kersting 
et al., 2012; Kiemer et al., 2014; Seago et al., 2014), we rea-
soned that such changes are a first step toward changing 
classroom practice and improving student outcomes. We also 
investigated whether any of the four conditions was related to 
differences in the nature of MQI-PD conversations.

The results illustrate that teachers had similar depth and 
focus in their conversations regardless of the type of facilita-
tion or type of video. Although the literature suggests that 
teacher-led groups struggle with maintaining focus and have 
more superficial discussions (Calandra, Gurvitch, & Lund, 
2008; van Es & Sherin, 2006), we found no significant dif-
ference in the quality of conversations between teacher-led 
and facilitator-led groups. Similar to the facilitator-led 
groups, the teacher-led groups often worked through dissent-
ing views and pressed each other for explanations and more 
information. This suggests that teachers can utilize the 
MQI-PD procedures in video clubs of their own.

That said, we note that all groups of teachers were pro-
vided with the same 15-hr training on the MQI-PD, during 
which facilitators demonstrated conversation norms (Borko 
et  al., 2008; Sherin & van Es, 2005; van Es et  al., 2014). 
External facilitators were also present in teacher-led groups, 
further reinforcing those norms. We believe that these norms 
prompted teacher-led groups to have conversations similar to 
those of the facilitator-led groups. This is in contrast to other 
studies in which teachers were not provided with a particular 
focus with which to view and talk about mathematics instruc-
tion. In these cases, teachers’ conversations stayed broad and 
addressed a wide range of topics (van Es & Sherin, 2006).

In the own-video groups, fewer teachers volunteered to 
share videos than we had expected and there was significant 
variation among the groups in this regard (Desimone & 
Garet, 2015). We noted that groups with more sharing of vid-
eos tended to come from districts and schools with a history 
of close collaboration and public discussion of instruction, 
which Borko and colleagues (2008) noted are important for 
teachers to feel comfortable sharing video clips. In addition, 
teachers who scored peers’ videos were more likely to assign 
generous scores. This suggests that teachers encouraged a 
“culture of nice” through the scores they assigned—as the 
scores assigned to own-video clips were quite high on aver-
age, teachers avoided more difficult conversations regarding 
what was missing from instruction or how it could be 
improved (MacDonald, 2011). Both these findings suggest 
that the own-video program, as designed, would be best 
suited to contexts in which strong collaborative and critical 
norms exist. Alternatively, we could strengthen the program 
to develop such norms or recruit groups of teachers based on 
a willingness to engage in public sharing.

When examining teachers’ analysis of video clips at the 
study mid and end time points, we found that teachers in the 
professional development groups were more likely than 
teachers in the comparison group to reference MQI-PD-
related topics. However, this MQI-PD noticing did not carry 
over to reflections on their own lessons, with the exception 
of teachers who were in the teacher-led, own-video groups. 
Our results confirm Zhang et  al.’s (2011) conclusion that 
both conditions—teachers’ own and stock video—could 
benefit teachers.

With regard to whether participants used MQI-PD-
compatible definitions of student mathematical explanations 
and reasoning, we found no patterns, either in relationship to 
the comparison group or among the four treatment condi-
tions. More generally, a scan of teachers’ lesson reflections at 
the end of the study suggested that many—perhaps most—of 
the participants’ comments focused on whether students “got 
it or not.” Participants focused on students’ content misun-
derstandings (e.g., some students struggled with multiplica-
tion and division facts) or process difficulties (e.g., not all 
students participated in the whole group discussion, some 
were still hesitant about joining in on the shared thinking), 
followed by management issues, mostly around time.

Another question was whether the treatment generally or 
a specific condition would lead teachers to become more 
critical of their own instruction. At the conclusion of the 
study, we found that teachers in the facilitator-led, stock-
video groups were more likely to report a struggle in a 
recently taught lesson than the comparison group. This find-
ing aligns with Seidel et al.’s (2011) conclusion that teachers 
in the stock-video condition were more critical and found 
more alternatives than teachers in the own-video condition, 
and that teachers in the own-video condition were “less 
reflective when articulating critical incidents” (p. 259).
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Teachers’ noticing of the MQI-PD-related aspects of their 
lessons may be due to the different types of access teachers 
had to the stock-video clips as compared with their own les-
sons that they reflected on. Teachers could pause, rewind, 
and re-watch the stock videos, effectively providing them 
with more opportunities to look for concrete evidence and to 
cite specific instances of instruction related to the MQI-PD. 
In contrast, teachers did not have the opportunity to revisit 
exactly what had occurred in their own lessons, relying on 
their memories of what had happened. However, teachers in 
the own-video groups had the experience of watching and 
noticing MQI-PD features of their own and their peers’ les-
sons, leading to a greater ability to recall MQI-PD features of 
their past lessons. Not having the ability to revisit their les-
sons also may have affected teachers’ facility in pointing out 
examples of students’ explanations and reasoning in the 
stock clips and their lessons.

Conclusion

The design of the MQI-PD program incorporated what are 
considered to be the best practices in professional develop-
ment, such as a focus on mathematical content, active learn-
ing, lengthy duration, and collective participation (Borko, 
2004; Desimone, 2009; Desimone & Garet, 2015). Recently, 
Desimone and Garet (2015) called for more evidence of “spe-
cific, effective activities” that would provide additional insight 
into the efficacy of features of professional development pro-
grams (p. 260) and our study investigated the efficacy of the 
type of video and type of facilitation in the context of the 
MQI-PD program. Based on our findings, we believe we have 
some evidence, both from group conversations and teachers’ 
video analyses and lesson reflections, that the teacher-led, 
own-video condition is slightly superior to all other condi-
tions. This finding confirms Desimone and Garet’s (2015) 
conclusion that professional development has greater success 
when it is directly connected to teachers’ lessons (p. 254). 
Even though they were generous to peers in their scores, 
teachers in this teacher-led, own-video condition were just as 
likely to have high-quality conversations and were more likely 
to use the MQI-PD in video analysis. That said, our results 
suggest that efforts intended to enact this kind of professional 
development may take a significant amount of time to culti-
vate—even though teachers had 15 hr of MQI-PD summer 
training and four 2-hr sessions in which teachers discussed 
videos of instruction, many teachers still did not feel comfort-
able enough to share videos from their own classrooms.

While we observed positive results in the teacher-led, 
own-video condition, the MQI-PD intervention had limited 
impact on teachers’ reflections on their own practices, which 
we considered a first step toward changing classroom prac-
tice and improving student outcomes. Still, our findings indi-
cate that introducing the professional development program 
through facilitator-led conversations (to model and establish 
discussion norms) and stock video (to gain experience 

watching and scoring lessons) are critical features that 
prompted teachers to engage in meaningful discussions 
about mathematics instruction. We recommend that teachers 
gain experience with the MQI-PD (or possibly another pro-
fessional development program) before transitioning to the 
teacher-led, own-video condition.

We also believe, based on teachers’ reflections on their 
own instruction and the mixed results, that embedding pro-
fessional development in practice may not be enough; there 
may need to be opportunities to put strategies into practice 
and receive feedback. We posit that a stronger intervention 
with some accountability for instructional change is neces-
sary (Tripp & Rich, 2012). This program improved teachers’ 
ability to analyze video clips, but the kinds of thinking 
deployed in analyzing clips did not transfer to thinking about 
their own lessons, perhaps because we did not promote or 
emphasize that transfer as part of the professional develop-
ment. Schön (1983) noted that reflecting on practice should 
lead a teacher to action. Thus, we suggest that a clear, con-
crete bridge that leads teachers to explicitly apply video-
watching protocols to their own practice may be essential for 
success.

There are limitations to the study described in this article. 
First, the number of teachers per group and the number of 
groups per condition were relatively small. Without a larger 
sample of groups or random assignment of individual teach-
ers to condition, we cannot rule out the possibility that our 
results were driven by the composition of particular groups 
rather than the professional development treatments. 
Second, despite our best efforts, not all teachers in own-
video groups shared clips of their instruction. It is possible 
that more skillful facilitation, or more collaborative con-
texts, may have enabled more sharing of video, and thus 
more impact on teachers’ thinking about their own instruc-
tion. Third, in retrospect and in keeping with our reading the 
above literature, we would design a stronger intervention, 
one that asked teachers, for instance, to regularly use 
MQI-PD principles to reflect on their own instruction. 
Learning to analyze others’ classroom video may not neces-
sarily affect teachers’ analysis of their own. As such, this 
limitation suggests to the teacher education community pro-
gram features that must be present in video-based profes-
sional development.
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Notes

1.	 Two facilitators led only one group.
2.	 For the outcomes assessing whether teachers’ examples of 

student explanations or reasoning met Mathematical Quality 
of Instruction for Professional Development instrument 
(MQI-PD) standards, and for the outcomes considering teach-
ers’ reported struggles, we used logistic regression model-
ing. For the outcome capturing categorically the number of 
changes teachers reported planning to make in future lessons, 
we used ordered logistic regression.

3.	 Poisson regression models the log of the expected count out-
come on predictors; coefficients should be interpreted thusly.
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