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Variation in Math Talk across Preschool Classrooms: The Role of Teacher Characteristics
and the Instructional Setting

Emily Braham, PhD

University of Pittsburgh, 2019

There are prominent individual differences in children’s math skills even before they start
Kindergarten. In this study, we focused on preschool classrooms as one setting in which those
differences may emerge. Previous studies have shown that preschoolers’ gains in math
knowledge are partially related to the amount of mathematically relevant language (“math talk™)
they hear from their teachers. However, in previous studies, teachers’ math talk was sampled
from just an hour of instruction and no studies, to date, have examined why there is such wide
variability in math talk across teachers. In order to more accurately characterize preschoolers’
math-related experiences at school, we examined 48 teachers’ math talk while they engaged their
3- to 5-year-old students in formal instructional activities, informal activities, and during a semi-
structured building task. We then transcribed and coded teachers’ speech for different types of
math talk. After the observation, teachers completed questionnaires about their background,
instructional practices, and beliefs about math instruction, as well as tasks to measure their
comfort with and feelings towards math. The primary goals of our study were to 1) capture
differences in the frequencies and types of math talk preschool teachers used across different
classroom activities, 2) test whether the math talk we observed correlated with teachers’ reports
of doing math activities in the classroom, and 3) examine how characteristics of teachers related
to their use of math talk in the classroom. We found that teachers used significantly more math
talk about cardinality compared to other types of math talk and they used a significantly higher

proportion of math talk during formal instruction than during informal activities. We also found



significant positive correlations between teachers’ math talk and their reported frequency of
doing math activities in the classroom. Overall, we add support to the general finding in the
literature that there is tremendous variability in the amount of math talk that occurs across
preschool classrooms, that is not explained by teachers’ overall amount of talk, classroom size,

or the average age of the children, and that correlates with their self-reported math activities.
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1.0 Introduction

There is growing interest in improving the math proficiency of Americans (NAEYC &
NCTM Joint Position Statement, 2010). Adults with poor math skills, irrespective of their
literacy skills, have higher rates of unemployment, lower economic well-being, poorer physical
health, and worse self-esteem (Parsons & Bynner, 2005). Yet, individual differences in math
skills emerge well before adulthood. Wide variation can be seen in the foundational math skills
of children even prior to the start of formal schooling (Jordan, Kaplan, Locuniak, & Ramineni,
2007; Jordan, Kaplan, Ramineni, & Locuniak, 2009). These early differences have long-lasting
implications for later math achievement. Children’s math skills at Kindergarten entry predict
growth in their math knowledge over time and their math achievement well into high school
(Claessens, Duncan, & Engel, 2009; Duncan et al., 2007; Jordan et al., 2007, 2009; Locuniak &
Jordan, 2008; Watts, Duncan, Siegler, & Davis-Kean, 2015). Thus, it is imperative to examine
potential sources of individual differences in children’s math understanding before they enter

Kindergarten.

1.1 Preschool Math Skills

What is math education for preschoolers? Educators and researchers have identified a
core set of math concepts and skills that are appropriate for 3- to 5-year-old children (Berch,
2005; National Research Council, 2009; Geary, 2015; Jordan et al., 2007, 2009; Torbeyns,

Gilmore, & Verschaffel, 2015). This core set of skills includes concepts related to counting,



including the ability to recite count words in the proper sequence (e.g., “one, two, three”), to use
one-to-one correspondence when counting objects (i.e., assigning only one number word to each
object), and to understand cardinality (i.e., knowing that the last number word reached when
counting is the quantity of the set). Additionally, this set of skills includes recognizing number
symbols (e.g., Arabic digits), understanding ordinal relations (e.g., seven is more than five), and
performing simple calculations (e.g., addition, subtraction) with small numbers of objects.

To develop these core math skills, children need relevant input from the environment.
According to sociocultural theory, children actively participate in their own learning and benefit
from interactions with more competent individuals who tailor the content of the interaction to
help children move just beyond their current level of knowledge (Vygotsky, 1978). A key aspect
of these interactions is language. Children are exposed to mathematically relevant
language—referred to as “math talk’” hereafter—when they listen to people use math concepts
during conversations, play, and everyday routines to count (e.g., “One, two, three dogs”),
measure (e.g., “We need three cups of flour”), compare (e.g., “Who as more candy?”), label sets
(e.g., “You have five cars”), or perform simple calculations (e.g., “It looks like we are missing
one crayon”; Durkin, Shire, Riem, Crowther, & Rutter, 1986; Levine, Suriyakham, Rowe,
Huttenlocher, & Gunderson, 2010). A number of studies have examined preschoolers’ home
environment and shown that some children receive much more early exposure to math talk from
their caregivers than others (Boonen, Kolkman, & Kroesbergen, 2011; Casey et al., 2016; Elliott,
Braham, & Libertus, 2017; Klibanoff, Levine, Huttenlocher, Vasilyeva, & Hedges, 2006;

Ramani, Rowe, Eason, & Leech, 2015; Susperreguy & Davis-Kean, 2016).



1.2 Math Talk in Preschool Classrooms

How variable is the math input children receive from teachers in the preschool setting?
Most work on children’s early math learning in preschool classrooms has relied on examinations
of curricula or teacher reports of math activities in the classroom. However, it is difficult to know
how teachers implement curricula or if their reports are consistent with their instruction. Here we
review the handful of studies that have addressed these limitations by using teachers’ math talk
as a direct measure of math instruction.

Preschoolers’ exposure to math talk varies greatly across classrooms. In two different
studies, researchers audio-recorded preschool teachers speech for 60 minutes in the classroom
while they performed their typical instructional activities (Klibanoff et al., 2006; McCray &
Chen, 2012). At the time of the audio recording, teachers were unaware that the researchers were
specifically interested in math content and they were told to teach as they normally would. In the
first sample of 26 preschool teachers, Klibanoff and colleagues (2006) found that teachers
averaged about 28 math-related utterances in the recorded hour but with vast variability; one
teacher in the sample produced only one instance of math talk while another produce 104
instances of math talk. In a second study using a similar method in 22 Head Start classrooms,
preschool teachers averaged around 30 instances of math talk in one hour, and again
demonstrated individual variability with a range of 4 to 74 total math utterances (McCray &
Chen, 2012). Further, the significant variation in the total amount of math talk between teachers
could not be explained by the classroom being situated in a particular school (McCray & Chen,
2012) or by the socioeconomic status of the students (Klibanoff et al., 2006).

Perhaps most importantly, Klibanoff and colleagues (2006) demonstrated that these

differences in teachers’ math talk matter for preschoolers. They assessed the children’s math
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knowledge at the beginning and end of the school year using a short math assessment that
measured a range of early math skills. The total quantity of teachers’ math talk during the one-
hour observation positively related to children’s growth in math knowledge over the course of
the school year. Moreover, the increase in children’s math performance seemed to be specifically
related to the math input of their teacher; there was no relation between children’s growth in
math knowledge and the general classroom quality or the syntactic complexity of teachers’
speech. In other words, the impact of teachers’ math talk was not merely reflective of general
aspects of positive teaching or of non-math aspects of their speech. This study also ruled out the
possibility that children with better math skills elicited more math talk from their teachers by
showing no correlation between teachers’ math talk and children’s math scores at the beginning
of the school year. Together, these findings suggest that there is tremendous variability in the
amount of math talk that occurs across preschool teachers, at least when sampling an hour from a

single school day, and this variability has important implications for children’s math learning.

1.2.1 Variation in Types of Math Talk

Teachers math talk can fall into a variety of categories. In previous studies, math talk has
been categorized according to a number of distinct types, including counting, cardinal values,
number symbols, ordering, and calculation (Klibanoff et al., 2006; McCray & Chen, 2012; Rudd,
Lambert, Satterwhite, & Zaier, 2008; Simpson & Linder, 2016). Utterances about counting and
cardinality were by far the most common in preschool classrooms, while utterances about
calculation and ordering were rare (Klibanoff et al., 2006; Rudd et al., 2008; Simpson & Linder,
2016). For example, in one study, the cardinality category made up 48% of all teachers’ math
utterances and was used by all teachers in the sample, while the calculation category only made
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up 5% of all teachers’ math utterances and was only used by a handful of teachers (Klibanoff et
al., 2006). Klibanoff and colleagues additionally coded for talk about equivalence (i.e.,
statements describing a quantitative match), nonequivalence (i.e., statements describing two or
more unequal quantities), and place-holding (i.e., references to place value or decomposition of a
two-digit number); however, these were the three most infrequently observed categories with
each category making up less than 3% of the total math utterances. Teachers who provided more
overall instances of math talk also used more types of math talk, showing that they did not
simply use all instances of cardinality but instead used a more diverse set of math-related

statements.

1.2.2 Variation in Math Talk by Classroom Activity

The setting likely influences the frequency of teachers’ math talk and the types of math
talk they use with their students. The typical preschool routine includes a variety of different
activities scheduled at specific times of the day that vary in the learning goals for the students,
the degree of structure, and the level of involvement from the teacher. Three of the previous
studies on preschool teachers’ math talk include recordings of teachers’ speech during “circle
time”, a formal instructional time in which the entire class was seated together for teacher-
directed activities involving all children (Klibanoff et al., 2006; McCray & Chen, 2012; Simpson
& Linder, 2016), but the amount of math talk occurring in this particular setting may not be
indicative of teachers’ math talk occurring at other points during the day. Bachman and
colleagues (2018) found that children in private community-based preschool classrooms spend a
majority of the morning in less formal activities. They found that 41% of the morning was
dedicated to free play, while 23% was spent transitioning between activities or engaging in other
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types of classroom routines, including cleanup and snack. Thus, it is important to examine how
teachers’ math talk fluctuates depending on the pedagogical setting.

There is some evidence that more math talk occurred during circle time compared to non-
circle time activities, which included small-group instruction (i.e., instructor-led activities with a
subset of children) and/or free play (i.e., child-chosen activities with general teacher support;
McCray & Chen, 2012; Simpson & Linder, 2016). These findings may suggest that large-group
instructional activities, such as circle time, are the most conducive to math-related content;
however, it is difficult to draw strong conclusions from these findings as one study compared
circle time to a composite of non-circle time activities (McCray & Chen, 2012), and the other
study only included a very small sample of teachers (Simpson & Linder, 2016). More extensive
studies of preschool teachers interacting with their students across a range of naturally occurring
classroom activities are needed to validly capture the range and types of math talk preschoolers

hear from their teachers over the course of the school day.

1.3 Explaining Individual Variability in Teachers’ Math Talk

The link between preschool teachers’ math talk and growth in their students’ math
knowledge inspires questions about the factors that contribute to individual differences in math
talk among teachers. There is variability in math talk between preschool teachers holding the
same educational credentials, between preschool teachers within the same school, and even
between preschool teachers within the same classroom (Klibanoff et al., 2006; McCray & Chen,

2012; Rudd et al., 2008). Thus, it is not simply enough to examine broad characteristics of



teacher training or of the school when trying to capture the factors that influence teachers’ math

talk. Here we describe math-specific characteristics of teachers that may be influential.

1.3.1 Beliefs about Preschool Math Instruction

It is important to consider teachers’ beliefs about the nature of math instruction and
learning because professional development programs and curriculum changes are often
ineffective if they fail to address teachers’ existing beliefs (Cohen & Ball, 1990). For early
childhood educators, three types of math beliefs are known to be associated with general
teaching practices in the classroom (for a review, see Platas, 2015): beliefs about the age-
appropriateness of math instruction, beliefs about who is responsible for children’s math learning
(i.e., teachers’ responsibility to set math goals vs. children’s responsibility to construct their own
math knowledge), and beliefs about the primary goals of preschool instruction (i.e., priority to
academic areas vs. social and emotional development). However, these beliefs have not yet been
assessed along with observational measures of teachers’ speech. There is some evidence from
studies on parents’ math talk that parents who believed early math skills were important for their
children were more likely to engage in math activities at home and use math talk to promote their
children’s math understanding (Cannon & Ginsburg, 2008; Musun-miller & Blevins-Knabe,
1998). Thus, it seems likely that preschool teachers who believe math instruction is appropriate
for their students, who believe it is their responsibility to create math learning opportunities, and
who endorse math learning as a key goal of the curriculum would use more math talk overall and

potentially more diverse types of math talk, but this theory has yet to be formally examined.



1.3.2 Personal Feelings Towards Math

No research to date has related preschool teachers’ feelings about math or their general
math skills to their math instruction in the classroom. From the parent literature, there is
evidence that parents who reported feeling more comfortable teaching math or reported having
better math skills also did more math activities in the home with their preschoolers (Blevins-
Knabe et al., 2000; Missall et al., 2014). There is also evidence that parents who had better
numerical approximation abilities, an important basic number processing skill that contributes to
math ability, talked more about numbers with their Kindergarteners when playing together
(Elliott et al., 2017). Thus, it seems plausible that preschool teachers who are more comfortable
with math, personally value math, and have less anxiety about math may be more likely to create
appropriate and valuable math-related learning experiences for their students and thus may

knowingly or unknowingly talk differently to their students about math.

1.4 The Current Study

The first goal of this study was to examine differences in the frequency and types of math
talk teachers use across different classroom activities. In order to account for variation in math
input that might occur as a result of varying activities or different times of day, we observed
teachers’ math talk across a range of common preschool activities: large-group instruction
(when the entire class was gathered for a learning activity directed by a teacher, e.g., “circle
time”), small-group instruction (when a subset of children were assigned to work on a specific

activity directed by a teacher), free play (when the children chose what to play or where to go in



the classroom), meals (when the children ate breakfast, lunch or snack), and transitions (when
one activity had ended and the next had not yet begun). These naturalistic observations of
teachers allowed us to examine the extent to which they use math language during the natural
course of a regular day in the classroom, and the consistency of that input across different types
of classroom activities. By observing large-group instruction we were able to compare our results
to the findings from previous studies (Klibanoff et al., 2006; McCray & Chen, 2012; Simpson &
Linder, 2016). However, we also substantially extended the prior work by examining a larger
sample of teachers and by additionally examining math talk during other instructional times (i.e.,
small group instruction) and during daily activities and routines (i.e., free play, meals, and
transitions) that potentially provided opportunities to discuss math in everyday contexts.

We also asked teachers to lead small groups of children in a novel building activity.
Given the relative infrequency of some parents’ math talk during naturalistic observations in the
home, semi-structured observations have been used as a method of observing math talk
behaviors that may rarely occur under naturalistic conditions between parents and their children
(Casey et al., 2016; Mix, Sandhofer, Moore, & Russell, 2012; Ramani et al., 2015). Here we
adopted this design by giving teachers a novel toy that offered a range of ways to talk about
math. However, math was not necessarily needed to play with the activity and teachers were not
provided with any specific math-related instructions. The semi-structured observation allowed
for more experimental control as all teachers engaged their students with the same materials for a
brief amount of time and we observed a comparable situation across different teachers. This
study is the first to formally compare the math talk of teachers interacting with their students in

both naturalistic and a semi-structured task.



The second goal of this study was to test whether teachers’ observed math talk correlates
with their reports of how often they do math activities in the classroom. Through examining
math talk from transcripts of teacher speech, we were able to use direct observations to capture
accurate information about the frequency of math-related interactions and information about the
types of math talk, at least over the course of the observations. We also collected teacher-
reported measures about the frequency with which they engaged their students in various math-
and literacy-related activities in the classroom, and how often they taught certain academic skills.
A major strength of our study lies in the combination of these methods. By using direct
observation, we were able to capture incidental math-relevant input that teachers would likely
not remember or report on a questionnaire and by using self-report questionnaires we acquired
information about teachers’ overall math instruction in the classroom, beyond the limited
observational period.

The third goal of this study was to explore how characteristics of teachers
themselves—their beliefs about math instruction and their own comfort with and feelings
towards math—influence their math talk in the classroom. This study will be the first to examine
how math-specific characteristics of teachers relate to their overall use of math talk in the
classroom. We will also explore the specificity of these math-related characteristics by
additionally measuring teachers’ feelings towards other academic subjects, their general feelings

towards teaching, and characteristics of their classroom.
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2.0 Methods

Teachers were eligible to participate in the study if the children in their classroom were
between 3 and 5 years old. To recruit teachers, directors of preschools and child-care centers
were contacted by email or phone and asked to distribute information about the study to their

staff.

2.1 Participants

All 48 teachers who participated in the study were female. Forty-one teachers identified
as White, five identified as Black, one identified as Asian, and one did not report information
about her race. On average, teachers were 42.24 years of age (SD = 13.17 years, range = 23 to 67
years) and had 15.26 years of experience (SD = 9.47 years, range = 1 to 41 years) working with
children under the age of 6 (one teacher did not report her age or years of experience). The
teachers reported a range of education levels: 2 had some college but no degree, 6 had an
Associate’s degree, 20 had a Bachelor’s degree, 18 had a Master’s degree (or at least one year of
work towards a Master’s degree), and 2 chose not to report their level of education. Additionally,
of the 44 teachers who earned a degree, 36 earned a degree in early childhood education or a
related field. See Supplemental Tables 1 and 2 for additional information about teachers’
background and credentials.

The teachers in our sample taught in 37 different classrooms (there were 11 sets of co-

teachers). Of the 37 classrooms, 21 were full-day programs, 7 were half-day programs, and 9 had
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some children stay for the full day but some children leave after half a day. Sixteen of the
classrooms had children between the ages of 3 and 4 years, 17 had children between the ages of
4 and 5 years, and 4 were mixed age classes of children between the ages of 3 and 5 years. Three
of the mixed-age classrooms followed a Montessori curriculum. On the days of the observations,
classroom size ranged from 2 to 25 children (M = 12.92, SD = 4.55)}, with 1 to 5 adults (M = 3,
SD = 1) per classroom — including teachers, assistants, volunteers, student teachers, and
specialists.

The 37 classrooms were contained within 21 different centers. Seven of the centers were
private pre-kindergarten programs, 6 were privately owned child-care centers, 3 were university-
based preschool programs, 3 were church-based preschool programs, and 2 were non-profit child
care centers. Twelve of the schools served primarily White children, three served primarily
Black children, and six served children from a diverse set of ethnic/racial groups. Twelve schools
had one participating classroom, three schools had two participating classrooms, four schools
had three participating classrooms, and two schools had four participating classrooms. There was

never more than one set of co-teachers per school.

1During the observations, the observers noted the total number of children present in each classroom. If the
observation took place over multiple days and different numbers of children were present each day, we reported the
average number of children present across days. On the questionnaire, we also asked teachers to report their total
classroom enrollment. Based on this measure, classroom size ranged from 4 to 27 children (M = 16.06, SD =5). To
accurately reflect the observation conditions in the analyses, in most cases we used the observed classroom size (in
three cases, we used the total enrollment that teachers reported on the questionnaire because the observer did not

write down the observed classroom size).
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2.2 General Procedure

All teachers provided written consent prior to participation in the study. The procedure
followed the protocol approved by the University of Pittsburgh Institutional Review Board
(PRO14110314). All data were collected between the spring of 2015 and the spring of 2016.
The researcher first spoke with each teacher in person or over the phone to gather information
about their typical classroom routines and to schedule days and times for the teacher to complete
the three parts of the study: 1. Classroom observation, 2. Follow-up session, and 3.
Questionnaires (see sections 2.3, 2.4, and 2.5 for details about each part of the study). Teachers
were told that the purpose of the study was to learn more about factors that shape their
instructional techniques and their interactions with the students, but they were not told that the
researchers were particularly interested in math-specific factors or their use of math talk in the
classroom.

Once teachers completed the study, directors of the preschools and child-care centers
were also asked to complete and return a survey online via Qualtrics that asked for demographic
information about themselves and about their center. Of the 21 directors, 14 completed the
survey.

Teachers were compensated $10 per hour for the time they spent completing the
observation, follow-up session, and questionnaire. Directors were compensated $30 per

participating teacher from their center.
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2.3 Procedure for Part 1: Classroom Observation

The classroom observation was scheduled for a day and time when a range of naturally
occurring activities could have been potentially observed (see section 2.3.1 for details). In
addition, the teacher was asked to set aside at least 10 minutes during the observation to lead at
least one small group of children in a semi-structured building activity involving a novel toy (see
section 2.3.2 for details). When possible, the observations of naturally occurring activities and
the semi-structured building activity were scheduled over the course of a single school day.
Thirteen teachers preferred to split the observation period over the course of two school days. In
such cases, the two observations occurred less than 3 weeks apart. For almost all activities, co-
teachers were observed on separate school days. The only time that co-teachers may have been
observed simultaneously was when they interacted with completely separate groups of children,
for example, in the case of two teachers leading different small group activities with different
groups of children. The total duration of the classroom observations ranged from 93 minutes to
226 minutes (M = 163.5, SD = 31.77).

At least one of nine trained observers visited each classroom to facilitate the observation.
The observers had each teacher wear an audio-recorder (ZOOM H1) with a lapel microphone to
record their speech as they freely moved throughout the classroom and school. At least one
observer remained present in each classroom for the entire duration of the observation and took
notes that would later help the transcribers and coders to interpret the context of the teachers’
speech. Each observer shadowed an experienced observer before completing observations on

their own.
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2.3.1 Observations of Naturally Occurring Activities

During the observation, the observer classified the classroom activity minute-by-minute
as one of the following categories: Large-Group Instruction, Small Group Instruction, Free
Play, Meal Time, or Transitions. Definitions of these types of activities were adapted from the
Teacher Observation in Preschools (TOP) Manual (Bilbrey, Vorhaus, Farran, & Shufelt, 2007).
In general, the classroom activities were classified based on the actions of the children in the
classroom. For example, if the children were seated at tables to eat a meal, and the participating
teacher moved to another area of the classroom to prepare the next activity, Meal Time was still
coded until the children finished eating their meal. Full descriptions of how observers classified
each activity are described below.

Large Group Instruction. The observer classified the classroom activity as Large
Group Instruction when the entire class of children was gathered for any type of learning activity
that was directed by a teacher or specialist (e.g., music teacher). Learning activities were broadly
defined to include activities involving math, reading, science, art, or music, as well as
discussions about behavioral expectations or plans for the day (often called “morning meeting”
or “circle time”). If some of the children were removed from the group for another purpose (e.g.,
for discipline; for speech therapy), Large Group Instruction was still coded if the majority of the
children remained in the group. In classrooms with less than four children in total, Small Group
Instruction was coded instead of Large Group Instruction.

Small Group Instruction. The observer classified the classroom activity as Small Group
Instruction (sometimes called “center time”) when at least one group of children was assigned to
work on a specific task that was facilitated by the teacher participating in the study. Note that the

remaining children in the classroom could either be engaging in free play or working in other
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small groups facilitated by other teachers. In Montessori classrooms, Small Group Instruction
was coded during “Work Time” — the 1-2-hour period in which teachers gave tailored
individual and small group lessons on a range of subjects.

Free Play. The observer classified the activity as Free Play (sometimes called “activity
time” or “discovery time”) if children were given choices about what to play with or how to play.
Free Play occurred both indoors and outdoors. In one form of free play, children were assigned
to a specific area but given freedom to choose how to play in that given area. In another form of
free play, children were allowed to freely move throughout the classroom or outdoor space, even
if teachers placed some restrictions on which toys or areas were available. Free Play was coded
for the entire duration that children were playing, even if a teacher stayed in a certain area to
facilitate activities with individual children or groups of children (e.g. reading a book; playing a
board game).

Meal Time. The observer classified the activity as Meal Time when the children were
gathered together to eat either breakfast, lunch, or a snack. Meal Time was coded as soon as the
children started setting the tables, passing food, saying a prayer, or eating. Meal Time was coded
for the entire duration that children were eating. If the teacher led the children in a cooking
activity, the time the children spent cooking was coded as Large or Small Group Instruction
(depending on the number of children), while the time the children spent eating what they
cooked was coded as Meal Time. Activities to prepare for eating, such as washing hands or
retrieving lunch boxes, were not coded as Meal Time, but rather as Transitions.

Transitions. The observer classified the classroom activity as Transitions when one
activity had ended and the next activity had not yet begun. Examples of Transitions include time

spent cleaning up activities or meals, calling children’s names to move to the next activity,
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preparing materials for the next activity, performing personal care tasks (e.g., helping children
wash hands before lunch or put on sunscreen before going outside), lining children up to leave
the classroom, leaving the classroom to walk to another area of the school, welcoming children
into the classroom at the start of the day, and preparing children to go home at the end of the day.
If the children gradually transitioned from one activity to the next, Transition was coded until the
majority of children started the next activity.

Not all teachers engaged in all activities on the day(s) of the observation: 6 teachers did
not have Large Group Instruction, 19 did not have Small Group Instruction, and 13 did not have
Free Play. Eighteen teachers engaged children in both Small Group Instruction and Free Play,
11 teachers had Small Group Instruction but not Free Play, 17 teachers had Free Play but not
Small Group Instruction, and 2 teachers had neither Small Group Instruction nor Free Play. See

Table 1 for the average amount of time teachers spent in each type of activity.
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Table 1. Descriptive statistics of observed classroom activities
Number of teachers for whom each activity was observed and descriptive statistics on the
duration, number of utterances, and number of utterances per minute for each type of
classroom activity.

Type of Activity
Semi-
Structured
Large Group  Small Group Ball Maze
Instruction Instruction Free Play Meal Time  Transitions Activity
N 42 29 35 48 48 48
Duration in Minutes
M 38 36 36 19 31 31
SD 20 19 19 11 15 14
Range 7-96 4-86 4-82 5-48 3-66 9-62
Number of Utterances
M 489.57 465.24 339.17 170.60 263.40 406.65
SD 318.00 257.77 194.55 100.47 141.04 195.79
Range 72-1774 21-1081 51-756 21-428 18-558 65-933
Utterances per Minute
M 12.70 13.11 9.78 9.00 8.88 13.37
SD 3.94 3.61 2.76 2.88 2.78 4.10
Range 3.6-21.79 525-21.86 3.03-14.91 2.63-15.18 3.89-15.71 2.21-22.21

2.3.2 Observation of the Semi-Structured Ball Maze Activity

We also audio recorded teachers’ speech during the semi-structured ball maze activity
using the same method described for the naturally occurring activities. For the semi-structured
ball maze activity, we asked teachers to guide their preschoolers in playing with a novel toy
brought by the researcher. The toy, a wooden ball run by Wonderworld (see Figure 1), included
wooden track pieces, 85 interlocking orange blocks, 5 balls, and special trick pieces (e.g., ramps,
a staircase, a funnel, flip pieces). The observer explained to the teacher that the track pieces and
special trick pieces could be used to create a path for the balls, and that the orange interlocking

blocks could be used to build the path at various heights. Teachers were given an example
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picture of a completed maze (see Figure 1) but were encouraged to guide their preschoolers in
playing with the pieces in any way they thought best for their children. They were told to do the
activity with at least one small group of children, but were encouraged to rotate groups of
children if they had time. Some teachers were the only adult present in the classroom, and for
feasibility reasons chose to do the semi-structured ball maze activity with the entire group of
children at once. See Table 1 for descriptive statistics on the amount of time teachers spent doing

the semi-structured ball maze activity in their classroom.

The observer classified the classroom activity as Semi-Structured Ball Maze Activity as
soon as the teacher began to introduce the toy to their students and continued for the entire
duration that one or more children were playing with the toy. Time spent cleaning up the toy was

not coded as Semi-Structured Ball Maze Activity.

For the seml structured ball maze activity, teachers were provided with wooden tracks pieces,
interlocking orange blocks, 5 balls, and special trick pieces (left) and a laminated picture of an
example structure (right).

Figure 1. Images of the semi-structured ball maze activity

2.3.3 Transcriptions and General Coding Procedure

The entire duration of each audio recording was transcribed by a trained research
assistant and each transcription was verified by a second trained research assistant. The

transcribers segmented teachers’ speech into utterances. An utterance was defined as talk by one
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speaker that was bound by a transition in the speaker, a pause of more than two seconds, or
grammatical closure (Pan, Rowe, Spier, & Tamis-Lemonda, 2004). Across the entire
observation, teachers used 1797.29 utterances on average (SD = 521.04, min = 624, max = 3407)
and 11.07 utterances per minute (SD = 2.58, min = 3.78, max = 17.29). See Table 1 for
descriptive statistics on how many utterances teachers used during each of the different activities
(Large Group Instruction, Small Group Instruction, Free Play, Meal Time, Transitions, or Semi-
Structured Ball Maze Activity).

Utterances were then coded for math-relevant input (“math talk”). As a first pass, a
trained research assistant read through 50% of the transcriptions and marked utterances that
generally seemed to relate to math. From these marked utterances, we established a list of search
terms — words indicating that an utterance potentially contained math talk (for example, words

such as “three”, “count”, or “add”). See Table 2 for the full list of search terms.

Table 2. Search terms for math talk coding
A list of search terms for the first step of the math talk coding process
Search Terms

Zero Eleven First How much Compare Sum Fraction
One Twelve Second How many Even Difference Half
Two Thirteen Third Number Order Single Quarter
Three Fifteen Fifth Amount Add Double Old
Four Twenty Ninth More Plus Triple Date
Five Thirty Twelfth Most Subtract Ones

Six Forty Twentieth Less Take away Tens

Seven Fifty Thirtieth Least Minus Hundreds

Eight Hundred Once Equal Multiply Thousands

Nine Thousand Twice Different Divide Place value

Ten Million Count Same Total Place
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All transcriptions were then coded for math talk following a two-step process. In the first
step of the coding process, the researcher searched each transcript for the words listed in Table 2.
Utterances that contained one or more of the search terms, used in a numeric sense, were selected
for further coding in the second step of the coding process. The meaning of each selected word
was determined from the context of the transcript. When selected words were not used in a
numeric sense (e.g., using the word “order” in the phrase “order in the court”, using the word
“once” in the phrase “once upon a time”, or using the word “one” in the context of “this one”,
“that one”, “the one”, or “which one”), they were eliminated from further math talk coding in the
second step of the process.

In the second step of the coding process, the researcher examined each of the selected
utterances to classify them into 13 different categories of math talk. These categories were
compiled from a combination of those used in previous studies (Klibanoff et al., 2006; McCray
& Chen, 2012; Rudd et al., 2008; Simpson & Linder, 2016). Definitions of each math talk
category are described in section 2.3.4.

For 12 of the math talk categories, utterances were further classified as either elicitations
or statements, resulting in 25 different types of math talk. Elicitations were characterized by any
math-related attempts to encourage a child or group of children to respond either verbally or non-
verbally. Elicitations could have included direct commands (e.g., “Count the blocks”, “Give me
three”, “Point to the number seven”), indirect commands (e.g., “We should see who has the
most”, “Do you want to count?”, “Let’s add them together”), questions (e.g., “What number
comes after nine?”, “How many do you have all together?”’), incomplete statements designed to
elicit a response (e.g., “Four plus two is...”), or statements that were inferred as questions based

on their tone (e.g., “That’s twelve?”’). Statements were defined as utterances that provided math-
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relevant information (e.g., “I see five cars”, “One, two, three”, “One plus one is two”, “Adding
means we will put these together”) or commentary about how children used math-relevant
information (e.g., “Counting was a good strategy”, “You just did addition!”).

In order to control for individual variability in teachers’ overall amount of speech, we
examined all math talk as a proportion of math-related utterances to the total number of
utterances. Note that single utterances could have been coded as more than one instance of math
talk. For example, the phrase “We need seven blocks so let’s count them”, would be coded as
one instance of a statement of cardinality and one instance of an elicitation of counting. If a
teacher repeated the exact same phrasing over multiple utterances, each utterance received a code
for math talk, but if a teacher repeated the exact same phrasing within a single utterance, it only
received one code.

Ten out of the 48 transcripts (20%) were randomly selected to be independently double
coded by a trained research assistant, and there was 86% agreement between the two coders. The

codes from the first coder, the researcher, were used in all analyses.

2.3.4 Math Talk Categories

Cardinality. Utterances were coded as Statements of Cardinality if teachers used number
words to state how many things were in a set. These utterances included labels for the number of
items in a set (e.g., “I see five cars”), people in a group (e.g., “Sure, all three of you can help
me”), actions in a sequence (e.g., “You jumped two times”, “You spun it twice”, “It looks like
you only did it once”), or units of measurement (e.g., “There are seven days in a week”; “It is
fifty degrees outside”; “You are forty-one inches tall”). Utterances that provided general
commentary about cardinality (e.g., “Let me see how many we have”; “The spinner will tell you
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how many turns to take) were also coded as Statements of Cardinality. Some utterances
received more than one Statement of Cardinality code. For example, the utterance “I see five
dogs and two cats” received one Statement of Cardinality code for “five dogs” and one Statement
of Cardinality code for “two cats”. If a number word was used to state how many things were in
a set after counting (e.g., “One, two, three, four, so there are four balls”), the utterance received
one code for Statement of Counting (see below) and one code for Statement of Cardinality.
Utterances were coded as Elicitations of Cardinality if teachers prompted the children to
demonstrate their understanding of cardinality either verbally (e.g., “How many cars do you
have?”’; “How much money is that?”; “Do you have three of them?”, “Did you get one?”’; “Do
you wear one of those?”, “Name two colors”) or through actions (e.g., “Can you give me five of
those?”, “We need seven blocks”, “Put in four more”, “Take three more bites and you can be
done”; “Go find seven of them”; “Do it twice”, “Go one more time”, “Only pick one sticker”).
Equivalence. Statements of Equivalence were coded when teachers described a
numerical match between two or more discrete quantities. This category included utterances in
which teachers directly stated that two or more amounts were equal (e.g., “You both have three”;
“Look, you have the same number”; “This and this are the same amount of money”), mentioned
one-to-one mappings (e.g., “Each child gets one cracker’), mentioned one-to-many mappings
(e.g., “Each group has four children”), or gave a comment about equivalence (e.g., “We share by
dividing equally”). Utterances that were coded as Statements of Equivalence could have included
Statement(s) of Cardinality, if the utterance still indicated Equivalence after removing the
Statement(s) of Cardinality. For example, the utterance “You have four and she has four, so you
both have the same number” received two Statement of Cardinality codes and one Statement of

Equivalence code. Statements that only indirectly described a numerical match, such as, “You
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have two and | have two”, were coded as two Statements of Cardinality rather than a Statement of
Equivalence. Equivalence was not coded when teachers described matches in continuous
amounts (e.g., “You have the same amount of milk™), size (e.g., “They are the same size”), age
(e.g., “You are both four years old”), or time (e.g., “You both get five more minutes”). The
phrase “One at a time” was always coded as Cardinality rather than Equivalence.

Elicitations of Equivalence were coded when teachers asked children if there was a
quantitative match between two or more discrete quantities (e.g., “Do we have the same number
of crackers?”), to find a quantitative match (e.g., “We need another tower that has an equal
number of blocks”, “Which pile has the same number?”), or to perform a one-to-one or one-to-
many mapping (e.g., “Give each friend one cookie”). Utterances that were coded as Elicitations
of Equivalence could have included Statement(s) of Cardinality, if the utterance still indicated
Equivalence after removing the Statement(s) of Cardinality. For example, the utterance “I have
two and you have two, so do we have the same number?” received two Statement of Cardinality
codes and one Elicitation of Equivalence code.

Nonequivalence. Statements of Nonequivalence were coded when teachers stated that
two or more discrete quantities were unequal. For example, this category included utterances
such as “No, you have different numbers of blocks”, “You have more”, “I have the most”, “Oh
no, you have more than four crackers”, and “It looks like you have double that amount”.
Utterances that were coded as Statements of Nonequivalence could have included Statement(s) of
Cardinality, if the utterance still indicated Nonequivalence after removing the Statement(s) of
Cardinality. For example, the utterance “If you get four and she gets three, then you will have
more” received two Statement of Cardinality codes and one Statement of Nonequivalence code.

Statements that only indirectly described a numerical mismatch, such as, “You have two and he
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has three”, were coded as two Statements of Cardinality rather than a Statement of
Nonequivalence. Nonequivalence was not coded for utterances describing differences in
continuous amounts (e.g., “Who has more milk?”), size (e.g., “Those are different heights”), age
(e.g., “Four is older than three”), or time (e.g., “I gave you more than three minutes”; “I said it
more than two times now”).

Elicitations of Nonequivalence were coded when teachers asked children about two or
more unequal discrete quantities (e.g., “Who has more?”, “Who has the most?”, “Is nine more
than seven?”). Utterances that were coded as Elicitations of Nonequivalence could have included
Statement(s) of Cardinality, if the utterance still indicated Nonequivalence after removing the
Statement(s) of Cardinality. For example, the utterance “Six kids said yes and two kids said no,
so which vote has more?” received two Statement of Cardinality codes and one Elicitation of
Nonequivalence code.

Counting. Utterances were coded as Statements of Counting when the teacher recited
count words in the proper order, either forwards (e.g., “One, two, three, four”; “Seventeen,
eighteen, nineteen, twenty”; “One, two, three, eyes on me”) or backwards (e.g., “Three, two,
one”), counted how many in a set (e.g., “One, two, three, four chairs”) or provided a comment
about counting (e.g., “I counted all of the children that are here today”; “I am going to count to
three”; “Counting was a great strategy”; “You’ve never counted to four hundred before”; “Every
time | say a number, I point to one object to count”). Utterances that included counting were
coded as one Statement of Counting regardless of the number of count words used. Number
words used in the context of a count sequence did not receive additional codes for Cardinality. If

teachers counted over a series of multiple utterances without using other words in-between (e.g.,
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“One” — 2 second pause — “Two”), the counting sequence received only one code of Statement
of Counting, which was assigned to the last utterance with a count word.

Elicitations of Counting were coded when teachers directly asked children to count (e.g.,
“Count them”; “Count six more”), indirectly suggested they count (e.g., “We should count
them”; “We could count the blocks”; “We are going to count”; “Now, we will count”; “I need
your help counting”, “Are you ready to count?”, “It might help if you count them”), began
counting and paused in order to encourage children to continue (e.g., “One, two, .....”), or asked
questions about counting (e.g., ““You counted to nine?”; “What types of things can we count?”).

Ordering. Statements of Ordering were coded when teachers referenced the order of
numbers (e.g., “Four comes after three”) or used ordinal words to describe sets of visible objects
or people (e.g., “That is our third small group”, “Turn to the second page”, “Only the first letter
in the word is capitalized”). Utterances with ordinal words used in a temporal sense (e.g., “First,
we are going to paint”, “That is the second time I told you to stop””) were not coded. Because it
was rare that a teacher would use more than one ordinal word in an utterance, each ordinal word
received one Statement of Ordering code. Thus, in the rare instance that teachers said “First,
second, third” to describe a set of visible objects or people, three Statement of Ordering codes
were assigned. Reciting a list of number words in order was not coded as Ordering but rather as
Counting. Using the terms “seconds” or “thirds ”” to describe meal servings were not coded as
Ordering. Statements of Ordering that included number words received no additional codes for
Cardinality.

Elicitations of Ordering were coded when teachers prompted children to complete
number sequences (e.g., “What comes after nine?”’; “Put these numbers in order”) or

demonstrate their understanding of ordinal words either verbally or through actions (e.g., “Take a
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third cookie”; “Is that your second or third scoop?”). Elicitations of Ordering that included
number words received no additional codes for Cardinality.

Calculation. Statements of Calculation were coded when teachers stated a full equation
including the total (e.g., “One plus one is two”; “Three and two together makes five™), used a
partial equation including the total (e.g., “I added two more, so now there are five”; “Give me
one back because you only need four”), specified a total if there was a calculation previously
implied (e.g., “That makes ten”), counted by a number other than one (e.g., “Two, four, six”;
“Ten, twenty, thirty, forty”), used the words “single”, “double”, or “triple” in a numerical sense
(e.g., “You got double bingo”; “That word has double Ms”; “We just tripled the amount we
had”), or provided commentary about calculation (e.g., “You just did addition!”, “I am counting
by twos when I pick them up”, “We added two numbers together”, “The plus sign means adding
together”). Utterances that were coded as Statements of Calculation could have included
Statement(s) of Cardinality, if the utterance still indicated the total of an equation after removing
the Statement(s) of Cardinality. For example, the utterance “We had ten blocks but you took one,
so we only have nine now” received two Statement of Cardinality codes and one Statement of
Calculation code.

Elicitations of Calculation were coded when teachers prompted children to solve an
equation (e.g., “If you take three away from six, how many do you have left?””; “Three plus seven
1s...”; “How many do you have all together?”’; “How many more are there?”’) or asked children
general information about equations (e.g., “When we add numbers, what do we write in between
the two numbers?”). Utterances such as “We are missing one” or “We need three more” were
coded as Cardinality rather than Calculation. Utterances that were coded as Elicitations of

Calculation could have included Statement(s) of Cardinality, if the utterance still asked for the
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total of an equation after removing the Statement(s) of Cardinality. For example, the utterance
“We had two apples and you just brought three more, so how many do we have now?” received
two Statement of Cardinality codes and one Elicitation of Calculation code.

Place Value. Statements of Place Value were coded when the teacher referred to place
value or the decomposition of at least a two-digit number (e.g., “There are two tens in twenty”).
Elicitations of Place Value were coded when the teacher prompted the children to provide
information about a place value or the decomposition of at least a two-digit number (e.g., “How
many hundreds in that number?”’). Number words used in the context of describing place value
did not receive additional codes for Cardinality.

Fractions. Statements of Fractions were coded when the teacher used words to indicate
parts of a whole (e.g., “The recipe calls for one third cup”), and Elicitations of Fractions were
coded when the teachers prompted the children to provide information about parts of a whole
(e.g., “Is that half or a quarter of the sandwich?”’). Fraction words (i.e., “half”, “third”, “quarter”)
did not receive additional codes for Cardinality.

Number Symbols. Statements of Number Symbols were coded when a teacher labeled a
written Arabic numeral (e.g., “Look, this is the number five”), described how to spell a number
word (e.g., “Ten is spelled T- E- N”), or provided general commentary about number symbols
(“We are doing a great job tracing our numbers”; “You just wrote the number ten”). A phrase
such as “A two and a three together mean the number twenty-three” would receive three codes
for Statements of Number Symbols (one code for two, one code for three, and one code for
twenty-three). Statements of Number Symbols included talk about telling time if the children
were involved in looking at or identifying number symbols on a clock, and included talk about

the calendar if children were involved in looking at or identifying number symbols on the
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calendar. In cases in which it was unclear if teachers were using number words to label written
Arabic numbers, Cardinality was coded instead of Number Symbols.

Elicitations of Number Symbols were coded when teachers prompted children to identify
number symbols (e.g., “What number is this?”’; “What number is a one and a two next to each
other?”; “Look at the clock and tell me what is next to the number two”), write number symbols
(e.g., “Can you write a two and a zero for February twentieth?”; “Trace the three”), or find
number symbols (e.g., “Find the blue nine”; “Look at the number twelve”; “Where is the
seven?”; “If you have a number four, put a bingo chip on it”; “Where did the twenty-three go?”).

Age. Statements of Age were coded when teachers used numbers to label ages (e.g., “You
are four years old”; “Yes, I think your mom is thirty”; “Those children are in fifth grade) and
Elicitations of Age were coded when teachers asked children about ages (e.g., “How old are
you?”; “Are you turning three or are you turning four?”’). Number words used to indicate an age
or grade received no additional codes for Cardinality.

Dates. Statements of Dates were coded when teachers used numbers to label the date
(e.g., “Today is February ninth”) and Elicitations of Dates were coded when teachers asked
children to identify the date (e.g., “What is today’s date?”’). Number words used to indicate the
date received no additional codes for Cardinality.

Time. Statements of Time were coded when teachers used numbers to state the time (e.g.,
“It is ten thirty”’) or an amount of time (e.g., “We will go outside in one hour”, “Three more
minutes”; “I think it will take longer than fifteen minutes”; “One second please™). Elicitations of
Time were coded when teachers prompted children to give amounts of time (e.g., “Should we set
the timer for three minutes or four minutes?”’). Number words used to indicate time received no

additional codes for Cardinality.
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Miscellaneous Names. Miscellaneous Names were coded when teachers used numbers
as names for actions (e.g., “Give me high five”), things (e.g., “The counting book™; “The number
game”; “Find your number rod”; “Where is the hundred board?”), people (e.g., “You are the
counter today”), groups (e.g., “Class four”), phone numbers or addresses. Number words used as

names or labels received no additional codes for Cardinality.

2.4 Procedure for Part 2: Follow-up Session

After the observation, participating teachers completed a follow-up session either on the
same day as the observation (n=20) or at a later date (n=28) either in their own classroom, a quiet
room in their school, or public setting that was arranged at a convenient time (i.e., before school,
during breaks, or after school). During the follow-up session, a researcher administered a battery
of math, reading and language, and spatial tasks (see sections 2.4.1, 2.4.2, and 2.4.3 for details
about each task). Sessions lasted approximately 1 hour. When possible, tasks were administered
in the following order: Word Attack, Block Design, Non-symbolic Comparison, Reading
Fluency, Calculation, Math Fluency, Reading VVocabulary. All but two of the tasks were drawn
from the nationally normed Woodcock Johnson 111 Tests of Achievement (Woodcock, McGrew,
& Mather, 2001) and were administered according to the directions in the manual. For each
subtest from the Woodcock Johnson 111 Tests of Achievement, raw scores were converted into

age-normed standardized scores.

30



2.4.1 Math Measures

Math skills were assessed using three different tasks. A non-symbolic number
comparison task measured basic numerical estimation skills while two math subtests
(Calculation; Math Fluency) from the Woodcock Johnson 111 Tests of Achievement measured
more advanced math skills. Together, these three tasks took approximately twenty minutes to
complete. Calculation and Math Fluency were combined into a composite measure for all
analyses.

Non-symbolic Number Comparison Task. Teachers were administered a standard
version of a non-symbolic number comparison task, similar to that used by Halberda et al.
(2008), that was designed to measure approximate number estimation skills. All stimuli were
created from the Psychological Assessment of Numerical Ability (Panamath;
www.panamath.org) and presented using a custom-made Matlab script. In this task, teachers
briefly viewed images of simultaneously presented arrays of blue and yellow dots on either side
of a computer screen (i.e., yellow dots on the left half of the screen and blue dots on the right
half of the screen; see example stimuli in Figure 3). They were instructed to select the color of
the more numerous array by pressing either the key marked with a yellow sticker or the key
marked with a blue sticker. After four practice trials, teachers were administered 150 test trials.
On every trial, the image was preceded by a fixation cross for 500 ms. Each image appeared on
the screen for 1,500 ms followed by a blank screen. Note that this presentation duration was too
short for teachers to count the numbers of dots exactly. Teachers were able to select their
response either during the image or during the blank screen. The next trial began immediately
following their response. Overall accuracy (percentage of correct trials) was used to measure

performance.
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The difficulty of each trial depended on the ratio between the number of yellow and blue dots.
There were 30 trials for each of five ratio categories: 3:4 (e.g., 15 yellow dots and 20 blue dots),
4:5, 5:6, 7:8, 9:10. The side of the larger quantity (i.e., correct response) was counterbalanced
across trials. To prevent participants from using perceptual cues other than number to determine
the correct response, we included three trial types: Congruent (i.e., the array with the larger
number had the larger cumulative area), Incongruent (i.e., the array with the smaller number had
the larger cumulative area but both arrays had equal cumulative perimeter), and Neutral (i.e., the
arrays had equal cumulative area). Each dot array contained between 12 and 36 dots, and dot size
varied within single arrays (average dot diameter = 36 pixels; allowed variation = 20%). Two

teachers had missing data on this task due to computer issues.
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Figure 2. Example stimuli for the non-symbolic number comparison task

Calculation. On the Calculation subtest, teachers were asked to perform mathematical
computations with no time restrictions. The problems involved arithmetic, geometric, and
trigonometric operations and included negative numbers, percentages, decimals, and fractions.
The problems increased in difficulty and administration stopped when the ceiling was established
(6 consecutive incorrect items).

Math Fluency. The Math Fluency subtest measured the ability to accurately and rapidly
solve simple addition, subtraction and multiplication problems within a time limit of three

minutes. There were 160 problems that included numbers ranging from 1-10 (e.g., 2+9=__;
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8x3=_). All teachers began with the first item and were told to work as quickly as possible

without making mistakes. One teacher did not complete the math fluency subtest.

2.4.2 Reading and Language Measures

Reading and language skills were assessed using three different subtests (Word Attack,
Reading Fluency, and Reading Vocabulary) from the Woodcock Johnson 111 Tests of
Achievement (Woodcock et al., 2001). The Word Attack test measured basic phonological
processing skills, while the Reading Fluency and Reading VVocabulary test measured more
advanced aspects of reading and language skills. Together, these three tasks took approximately
15 minutes to administer. The Reading Fluency and Reading VVocabulary subtests were
combined into a composite measure for all analyses.

Phonological Processing. The Word Attack subtest was used to measure teachers’
phonological processing skills. Teachers were presented with a series of words that were
unfamiliar (non-words or low-frequency words) but phonemically consistent with patterns in
English orthography (e.g., “yosh”, “quantric”). They were told to read each word silently to
themselves and then to pronounce it smoothly. Trials were administered until the ceiling was
reached (6 consecutive incorrect items).

Reading Fluency. On the Reading Fluency subtest, teachers were presented with 98
simple sentences (e.g., “Ice is hot.””; “A man has two legs.”) and were instructed to determine if
the statement was true or false. All teachers began with the first sentence and were given three
minutes to circle “true” or “false” for as many sentences as possible.

Reading Vocabulary. The Reading Vocabulary subtest measured the ability to supply

appropriate meanings to written words. This subtest contained three sections: Synonyms (read a
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word and provide a synonym), Antonyms (read a word and provide an antonym), and Analogies
(read three words of an analogy and provide a fourth word to complete the analogy; e.g.,
“generous is to stingy as verbose itto ). In each section, teachers were tested until the
ceiling was established (4 consecutive incorrect items). Two teachers did not want to complete

the Analogies portion of the assessment.

2.4.3 Spatial Measure

Teachers were administered the Block Design subtest from the second edition of the
Wechsler Abbreviated Scale of Intelligence (WASI-II; Wechsler & Hsiao-pin, 2011). On each
trial, teachers were given a set of identical red and white cubes and were asked to use the cubes
to re-create the design presented on a two-dimensional card. Teachers had to complete each trial
within a specified amount of time and were scored for the speed and accuracy of their response.
Trials were administered until teachers had two consecutive scores of zero or completed all of
the trials. Raw scores were converted into age-normed standardized scores. This task took 5-10

minutes to administer.

2.5 Procedure for Part 3: Questionnaire

After the follow-up session, teachers were given questionnaires that contained items
about their typical classroom activities, curricular focus, beliefs and emotions about teaching and
various academic subjects, demographic information and characteristics of their classroom (see

sections 2.5.1 to 2.5.9 for further details and Appendix A for the full questionnaire). Teachers
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were given an option to complete the questionnaire items on a paper packet or online via
Qualtrics. Some teachers chose to complete the questionnaires immediately after the follow-up
session with the researcher present, while others chose to complete it on their own at a later time.

Two teachers did not complete this questionnaire.

2.5.1 Reported Overall Frequency of Math and Reading Lessons

First, teachers reported how often the typical child in their class usually worked on
lessons in math or reading and language arts on a 7-point scale (1 = never, 2 = less than one time
per week, 3 =1 day per week, 4 = 2 days per week, 5 = 3 days per week, 6 = 4 days per week, 7 =
5 days per week). Second, teachers were asked to indicate how much time the typical child in
their classroom would spend working on lessons or projects in math or reading and language arts
on days that they work in those areas. They rated these questions on an 8-point scale (1 = never,
2 = less than 30 minutes per day, 3 = 30-60 minutes per day, 4 = 1-1.5 hours per day, 5 =1.5-2

hours per day, 6 = 2-2.5 hours per day, 7 = 2.5-3 hours per day, 8 = 3 or more hours per day).

2.5.2 Reported Frequency of Specific Math and Reading Activities

On the questionnaire, teachers were asked to answer questions about how often they
engaged their students in specific academic learning activities. The questionnaire was adapted
from the Spring 2011 Kindergarten Teacher Questionnaire from the Early Childhood
Longitudinal Study: Kindergarten Class of 2010-2011 (ECLS-K:2011: Tourangeau et al., 2015)
by selecting only the items that were relevant for preschool classrooms. Teachers rated the

frequency of how often they did certain academic activities with their students on a 6-point scale
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(1 = never, 2 = once a month or less, 3 = two or three times a month, 4 = once or twice a week, 5
= three or four times a week, 6 = daily). The questionnaire included nine reading and language
arts activities (e.g., practicing writing the letters of the alphabet, listening to the teacher read
stories while children see the print, doing an activity or project related to a book or story) and
nine mathematics activities (e.g., counting out loud, engaging in calendar-related activities, using

a number line to understand number concepts).

2.5.3 Reported Frequency of Teaching Specific Math and Reading Skills

Next, teachers were asked to answer questions about how often they taught specific
academic skills a 6-point scale (1 = not taught, 2 = taught one time a month or less, 3 = taught 2
or 3 times a month, 4 = taught 1 or 2 times a week, 5 = taught 3 or 4 times a week, 6 = taught
daily). The questionnaire was adapted from the Spring 2011 Kindergarten Teacher Questionnaire
from the Early Childhood Longitudinal Study: Kindergarten Class of 2010-2011 (ECLS-K:2011:
Tourangeau et al., 2015) by selecting only the items that were relevant for preschool classrooms.
The questionnaire included 12 reading and language arts skills (e.g., alphabet and letter
recognition, matching letters to sounds, making predictions based on text) and 15 mathematics
skills (e.g., correspondence between number and quantity, writing numbers 1-10, recognizing

and naming shapes, ordering objects by size).

2.5.4 Passion for Teaching

The Passion Scale (Vallerand & Houlfort, 2003) assessed the extent to which teachers felt

passionate about their job. Four items (Cronbach’s o, = .79) asked teachers how much time they
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devote to teaching, how much they like teaching, how much they value teaching, and how

important teaching is to them on a 5-point scale (1 = strongly disagree, 5 = strongly agree).

2.5.5 Emotions about Teaching

The Achievement Emotions Questionnaire for Teachers (AEQ-teacher; Frenzel, Pekrun,
& Goetz, 2010) was used to evaluate teachers’ most commonly experienced emotions related to
teaching. Teachers used a 4-point scale (1 = strongly disagree, 4 = strongly agree) to rate five
items (Cronbach’s a = .91) related to enjoyment of teaching (e.g., “I gladly prepare and teach my
lessons in this class”), four items (Cronbach’s a = .85) related to anxiety during teaching (e.g., I
feel uneasy when I think about teaching”), and four items (Cronbach’s o = .76) related to anger

during teaching (e.g., “Teaching generally frustrates me”).

2.5.6 Beliefs about Preschoolers’ Math Development

Teachers completed the Mathematical Development Beliefs Survey (MDBS; Platas,
2015). The MDBS contained 40 items and was designed to measure teachers’ beliefs concerning
the (a) locus of generation of math knowledge (teacher- vs child-centered; 11 items; Cronbach’s
a = .86; e.g., “The teacher should play a central role in mathematical instruction”), (b) age-
appropriateness of mathematics instruction (11 items; Cronbach’s a =.90; e.g., “Very few
preschoolers are ready for math”), (¢) mathematical development as a primary goal of preschool
education (8 items; Cronbach’s o = .83; e.g., “Math activities are a very important part of the
preschool experience”), and (d) level of confidence in providing mathematics instruction (10

items; Cronbach’s a = .88; e.g., “I am unsure how to support math development for young
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children”). Teachers indicated their responses on a 6-point scale (1 = strongly disagree, 6 =

strongly agree). Sixteen of the items were reverse scored.

2.5.7 Personal Value of Math and English

Teachers also completed the Expectancy-Value Belief questionnaire (Trautwein et al.,
2012). Teachers answered questions about how much they valued math and English. The
attainment value scale measured personal importance in succeeding in a task or domain (e.g., “I
am really keen to learn a lot in mathematics™; “It is important to me personally to be good at
English”) while the intrinsic value scale measured subjective interest or the enjoyment derived
from performing an activity (e.g., “I enjoy puzzling over mathematics problems”; “If I can learn
something new in English, I’m prepared to use my free time to do so”). Teachers responded to 6
math items (Cronbach’s o = .90) and 6 English items (Cronbach’s o = .93) using a 4-point scale
(1 = strongly disagree, 4 = strongly agree). These items were originally drawn from well-
validated items in large-scale studies (e.g., Marsh, Trautwein, Lidtke, Kéller, & Baumert, 2005)
with good internal consistency (Trautwein et al., 2012). One of the math items, and three of the
English items were reversed scored. The value items were combined to create one score for items

related to the math domain and one score for items related to the English domain.

2.5.8 Anxiety about Math

We used the brief version of the Mathematics Anxiety Rating Scale (SMARS; Suinn &
Winston, 2003) to assess teachers’ math anxiety. The SMARS is a 30-item version of the 98-item

MARS (Suinn & Richardson, 1971) and has previously been used with teachers (Beilock,
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Gunderson, Ramirez, & Levine, 2010). Teachers were given 30 items (Cronbach’s o = .98) that
asked them to rate how anxious they would feel in different situations (e.g., “dividing a five-digit

29 ¢c.

number by a two-digit number in private with pencil and paper,” “totaling up a dinner bill that

29 ¢

you think overcharged you”, “getting ready to study for a mathematics test”) on a 5-point scale

(1 =not at all, 5 = very much).

2.5.9 Demographic Information

Participating teachers were asked to provide information about their own background
(e.g., age, race, ethnicity, education level, relevant coursework, credentials, and experience) and
general information about their classroom (e.g., number of children enrolled, children’s ages) on

the questionnaire.
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3.0 Results

3.1 Preliminary Analyses on Teachers’ Math Talk

The average length of a classroom observation was 163.5 minutes (SD=31.77 min,
range=93 to 226 min). During the classroom observation, teachers varied in how much they
talked overall; their total number of utterances ranged from 624 to 3407 (M=1797.42,
SD=521.13). The duration of the classroom observation was positively correlated with teachers’
total number of utterances, r(47)=.55, p<.001.

Teachers’ total number of math talk instances across the entire observation ranged from
22 to 340 instances, with an average of 130.38 and standard deviation of 74.35 (see Table 3 for
descriptive statistics on the number of instances in each of the 25 different types of math talk that
occurred during the 6 different types of classroom activities). Teachers’ total use of math talk
was positively correlated with their total number of utterances, r(47)=.73, p<.001, but not
significantly correlated with classroom size, r(47)=.20, p=.175, or the average age of the children

in their classroom, r(47)=.06, p=.690.
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Table 3. Descriptive statistics of teachers’ instances of math talk
Descriptive statistics for the number of math talk instances in each of the 25 types of math talk
across the 6 different classroom activities.

Type of Classroom Activities

Large Group ~ Small Group Ball Maze
Instruction Instruction Free Play Meal Time  Transitions Activity
N =42 N =29 N =35 N =48 N =48 N =48

Statements of Cardinality

M 17.00 12.72 11.86 3.67 452 11.50

SD 14.86 12.11 17.43 3.73 4.00 7.67

Range 0-67 0-59 0-88 0-17 0-18 0-33
Elicitations of Cardinality

M 5.29 6.27 3.31 1.48 1.25 8.23

SD 8.24 5.59 4.40 2.61 1.78 7.53

Range 0-35 0-18 0-20 0-14 0-8 0-30
Statements of Equivalence

M 0.17 0.14 0.54 0.10 0.04 0.54

SD 0.70 0.52 1.93 0.47 0.20 0.92

Range 04 0-2 0-11 0-3 0-1 04
Elicitations of Equivalence

M 0.05 0 0.26 0.04 0.02 0.25

SD 0.22 0 0.95 0.20 0.14 0.56

Range 0-1 0 04 0-1 0-1 0-2
Statements of Nonequivalence

M 0.12 0.03 0.11 0.04 0.04 0.15

SD 0.33 0.19 0.53 0.29 0.20 0.46

Range 0-1 0-1 0-3 0-2 0-1 0-2
Elicitations of Nonequivalence

M 0.10 0 0.06 0 0.02 0.04

SD 0.37 0 0.23 0 0.14 0.20

Range 0-2 0 0-1 0 0-1 0-1
Statements of Counting

M 4.33 2.17 2.34 0.56 1.67 2.27

SD 6.61 3.68 5.14 1.07 3.23 3.61

Range 0-39 0-16 0-30 04 0-18 0-16
Elicitations of Counting

M 1.95 1.93 1.29 0.08 0.13 1.04

SD 2.95 4.45 2.56 0.28 0.49 1.76

Range 0-12 0-16 0-11 0-1 0-3 0-7

Statements of Ordering
M 1.10 1.24 0.46 0.19 0.15 0.19
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SD 1.89
Range 0-11

Elicitations of Ordering

M 0.52

SD 1.19

Range 0-6
Statements of Calculation

M 0.64

SD 1.69

Range 0-9

Elicitations of Calculations

M 0.43
SD 1.11
Range 04

Statements of Place Value

M 0.10

SD 0.62

Range 04
Elicitations of Place Value

M 0.10

SD 0.62

Range 04

Statement of Fractions

M 0.02

SD 0.15

Range 0-1
Elicitations of Fractions

M 0.02

SD 0.15

Range 0-1

Statements of Number Symbols

M 2.79
SD 5.89
Range 0-30
Elicitations of Number Symbols
M 1.97
SD 4.09
Range 0-21

2.34
0-10

0.45
1.35

0.90
1.80
0-7

1.03
2.88
0-14

1.62
5.39
0-23

141
5.17

0-24

0.24
1.12
0-6

0.59
2.61
0-14

5.13
8.95
0-34

4.24

8.28
0-28

1.24
0-6

0.26
0.89

0.51
1.50
0-8

0.51
2.08
0-12

0.14
0.43
0-2

0.14
0.55

1.86
4.77
0-24

0.89

2.61
0-10

42

0.53
0-2

0.02
0.14

0.19
0.61
0-3

0.08
0.40
0-2

0.21
0.71
0-4

0.04
0.20

0.10
0.52
0-3

0.08
0.45

0.41
0-2

0.06
0.24

0.13
0.39
0-2

0.06
0.32
0-2

0.04
0.20

0.10
0.42
0-2

0.14
0.54

0.49
0-2

0.04
0.29

0.23
0.63
0-3

0.31
0.90
0-5

0.02
0.14
0-1

0.04
0.20

0.04
0.20
0-1



Statements of Math Talk about Time

M 1.07 2.45 3.23 0.79 1.17 2.63
SD 1.78 2.57 3.22 1.46 1.94 3.04
Range 0-9 0-8 0-10 0-6 0-10 0-11

Elicitations of Math Talk about Time

M 0
SD 0
Range 0
Statements of Math Talk about Ages
M 0.55 0.21 0.23 0.15 0.19 0.83
SD 1.94 0.68 0.88 0.46 1.02 0.45
Range 0-12 0-3 0-5 0-2 0-7 0-3
Elicitations of Math Talk about Ages
M 0.28 0.10 0.14 0.13 0.17 0
SD 1.55 0.41 0.85 0.49 1.15
Range 0-10 0-2 0-5 0-3 0-8
Statements of Math Talk about Dates
M 1.10 0.28 0.17 0.06 0 0
SD 1.41 0.88 0.71 0.43
Range 0-5 04 04 0-3
Elicitations of Math Talk about Dates
M 0.24 0.07 0.03 0.06 0 0
SD 0.69 0.26 0.17 0.32 0 0
Range 0-3 0-1 0-1 0-2 0 0

Elicitations of Miscellaneous Names

M 1.19 1.07 0.40 0.23 0.56 0.31
SD 211 2.34 1.28 0.72 1.27 0.88
Range 0-8 0-11 0-6 04 0-6 0-5

Because there was substantial variability in the overall length of the observation and how
much teachers talked overall, we calculated proportion scores for math talk that accounted for
differences in teachers’ overall speech by dividing the total number of math talk instances by the
total number of utterances. We also calculated separate proportion scores for math talk occurring

during each classroom activity by dividing the total number of math talk instances that occurred

43



during an activity by the total number of utterances during that activity. In all further analyses,
math talk was measured as a proportion of math talk, rather than the raw number of math talk
instances. A Kolmogorov-Smirnov test of normality showed that this variable followed a normal
distribution (D(48)=.1, p=.200; see Figure 3) with a skewness of .75 (SE=.34) and kurtosis of .68

(SE=.67).

Frequency

.00 .02 .04 .06 08 10 A2 14

Total Amount of Math Talk / Total Number of Utterances
Figure 3. Histogram of teachers’ total math talk proportion scores

We then examined if our primary dependent variable, the overall proportion of teachers’
math talk across the entire duration of the observation, was influenced by the nested structure of
the data. Each school had between 1 and 4 participating teachers (M=2.29, SD=1.15). The
variance component within schools was .0007 (SE=.0002) and the variance component among
the different schools was .0001 (SE=.0001). The intraclass correlation for the overall math talk
proportion was sufficiently small (ICC = .09) meaning that only minimal variance in teachers’
overall math talk could be attributed to their school. Thus, we did not account for school in the

remainder of our analyses.
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3.2 Data Reduction

The five different types of naturally occurring classroom activities (large group
instruction, small group instruction, free play, meal time, and transitions) were further grouped
into two categories. Because only 26 teachers had both large group instruction and small group
instruction (16 had large group instruction but not small group instruction, 3 had small group
instruction but not large group instruction, and 3 had neither) and because the two categories
were both structured learning times, the categories were combined to create a Formal
Instructional Activities category. The activities with less structured learning goals—free play,
meals, and transitions—were combined to create an Informal Activities and Classroom Routines
category. We used these two broad categories of naturally occurring classroom activities, as well
as the Semi-structured Ball Maze Activity category in all further analyses.

The 25 types of math talk were condensed into four theoretically related groups.
Statements and elicitations of cardinality, equivalence, and nonequivalence were combined to
create one category (referred to as “Cardinality” hereafter). Statements and elicitations of
counting and ordering were combined to create a second category (referred to as “Counting”
hereafter). The third category, “Advanced Math Talk”, included statements and elicitations of
calculations, symbols, place values, and fractions. Finally, the fourth category, “Other Math
Talk”, included the remaining categories that used numbers as labels for times, dates, ages, and
miscellaneous names.

Thus, the consolidation into three different types of classroom activities and four

different types of math talk, resulted in 12 total categories. In each category, extreme outliers —
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scores that were over three standard deviations above the mean — were removed?. Descriptive
statistics on the cleaned data for teachers’ math talk proportion scores for each category are
reported in Table 4 (see Supplemental Table 3 for descriptive statistics on the raw number of
instances by category and Supplemental Table 4 for descriptive statistics on the raw proportion
scores by category). In all further analyses that included teachers’ math talk proportion scores,
we included the average age of the children in the classroom as a control variable since
children’s math abilities increase with age. We also included classroom size as a control variable
since the number of children can constrain what teachers can do in the classroom and how they

do it.

2There were no scores more than three standard deviations below the mean. Eight participants had one score out of
twelve removed and one participant had three scores out of twelve removed. This elimination of scores resulted in
ten of the categories having a score from one participant removed, and one of the categories having scores from

two participants removed.

46



Table 4. Descriptive statistics of teachers’ math talk proportion scores
Descriptive statistics of teachers’ math talk proportion scores for each type of math talk during
each type of classroom activity.

Classroom Activity Type

Formal Informal Activities Semi-
Instructional and Classroom Structured Ball
Activities Routines Maze Activity
N =45 N =48 N =48

Cardinality Math Talk/Utterances

M .042 .045 .051

SD .019 .022 .024

Range .004 - .077 .009 - .108 0-.100
Counting Math Talk/Utterances

M .012 .008 .007

SD .009 .007 .009

Range 0-.040 0-.027 0-.036
Advanced Math Talk/Utterances

M .013 .004 .001

SD .019 .006 .002

Range 0-.077 0-.031 0-.008
Other Math Talk/Utterances

M .008 .008 .006

SD .006 .007 .007

Range 0-.031 0-.029 0-.026

3.3 Teachers’ Math Talk across Different Types of Classroom Activities

First, we examined if the teachers’ math talk proportions differed across the three
different types of classroom activities and four types of math talk. A repeated measure analysis
of covariance (ANCOVA) was performed with classroom activity (Formal Instructional
Activities, Informal Activities and Classroom Routines, and Semi-Structured Ball Maze Activity)
and math talk (Cardinality, Counting, Advanced, and Other) as within-subjects variables, with
classroom size and average age of the children as covariates. A Greenhouse-Geisser correction
was used for the main effect of math talk category and for the interaction between math talk
category and classroom activity, because Mauchly's Test of Sphericity indicated that the

assumption of sphericity had been violated. We found a significant main effect of classroom
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activity, F(2, 66)=3.47, p=.037, np2=.1, a significant main effect of math talk category, F(1.86,
61.51)=4.69, p=.014, np2=.12, and no significant interaction, F(3.20, 105.49)=2.54, p=.060,
np2=.07 (see Figure 3).

The main effect of classroom activity revealed that teachers used the highest proportion
of math talk during Formal Instructional Activities (M=.019, SE=.001), followed by the Semi-
Structured Ball Maze Activity (M=.016, SE=.001), and then during Informal Activities and
Classroom Routines (M=.013 SE=.001). Pairwise comparisons with Bonferroni corrections
showed that teachers’ used a significantly higher proportion of math talk during Formal
Instructional Activities compared to Informal Activities and Classroom Routines (M
Difference=.007, SE=.002, p=.002), but the difference between the Semi-Structured Ball Maze
Activity and the other two types of naturally occurring classroom activities were not significant.
The main effect of math talk category showed that Cardinality (M=.041, SE=.002) was by far the
most frequently used category of math talk, followed by Counting (M=.009, SE=.001), Other
Math Talk (M=.008, SE=.001) and then Advanced Math Talk (M=.006, SE=.001). Pairwise
comparisons with Bonferroni corrections revealed that teachers’ use of Cardinality was
significantly higher than their use of Counting (M Difference=.033, SE=.002, p<.001), Advanced
Math Talk (M Difference=.035, SE=.002, p<.001), and Other Math Talk (M Difference=.034,

SE=.002, p<.001), but there were no significant differences among the other categories.
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Differences in teachers’ math talk proportions by type of classroom activity and type of math
talk. Classroom size was evaluated at 13.28 and average age of the children was evaluated at 4
years. Error bars represent 95% confidence intervals.

Figure 4. ANCOVA results for teachers’ math talk proportion scores

We also confirmed the main effect of classroom activity and type of math talk using non-
parametric tests, since not all of the twelve math talk categories were normally distributed. A
nonparametric Friedman test revealed a significant difference among the distributions of the
three different types of classroom activities, y2(2)=6.72, p=.038. Pairwise Friedman’s tests
revealed the same pattern of differences as the ANCOVA: math talk during Formal Instructional
Activities (mean rank = 2.27) was significantly different than math talk during Informal
Activities and Classroom Routines (mean rank = 1.73), but math talk during the Semi-structured
Ball Maze Activity (mean rank = 2.00) was not significantly different than the other two
categories. A nonparametric Friedman test also revealed a significant difference among the
distributions of the four different types of math talk, y2(3)=85.44, p<.001. Pairwise Friedman’s

tests showed the same pattern as the ANCOVA. Cardinality (mean rank = 3.97) was
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significantly different from the other three categories (Counting mean rank = 2.10; Other Math
Talk mean rank = 2.03; Advanced Math Talk mean rank = 1.90), but there were no significant
differences among the latter three categories.

Finally, we used both non-parametric Spearman and Pearson partial correlations to
examine the relations among the types of math talk within and across the different types of
classroom activities, while controlling for classroom size and the average age of the children (see
Table 5). Partial Spearman and Pearson correlations showed a similar pattern of results. Only the
Spearman correlations are interpreted below.

First, we examined correlations within each type of classroom activity. Within Formal
Instructional Activities, teachers’ use of Cardinality was positively corelated with their use of
Counting, and their use of Counting was positively corelated with their use of Advanced Math
Talk. Within Informal Activities and Classroom Routines, teachers’ math talk about Cardinality
was positively correlated with their math talk about Counting, and Advanced Math Talk was
correlated with Other Math Talk. Within the Semi-Structured Ball Maze Activity, teachers’ math
talk about Cardinality was positively correlated with their use of Advanced Math Talk, and their
use of Counting was positively correlated with their Advanced Math Talk.

Second, we examined correlations across different types of classroom activities. There
was a significant positive correlation between teachers’ use of Counting during Formal
Instructional Activities and their use of Counting during Informal Activities and Classroom
Routines. There were no other significant correlations between math talk categories across the

different classroom activities.

50



Table 5. Correations among math talk proportion scores
Correlations among math talk proportion scores in each math talk category during each type of
classroom activity, controlling for classroom size and average age of the child. Partial Pearson
correlations are reported above the diagonal and partial non-parametric Spearman correlations
are reported below the diagonal.

1

2

3

4

5

6

7

8

9

10

11

12

1. Cardinality
during Formal
Instructional
Activities

2. Counting
during Formal
Instructional
Activities

3. Advanced
during Formal
Instructional
Activities

4. Other during
Formal
Instructional
Activities

5. Cardinality
during Informal
Activities and
Routines

6. Counting
during Informal
Activities and
Routines

7. Advanced
during Informal
Activities and
Routines

8. Other during
Informal
Activities and
Routines

9. Cardinality
during Semi-
Structured Ball
Maze Activity
10. Counting
during Semi-
Structured Ball
Maze Activity
11. Advanced
during Semi-
Structured Ball
Maze Activity
12. Other
during Semi-
Structured Ball
Maze Activity
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21

B2

.10

.25

.05

-.07

.04

-.09

-.07

.05

24

AT

.26+

-1

-.05

-13

13

.08

-.16

-.02

31

AT+

.28+

.26+

-.08

-11

16

-.02

-12

.16

.02

.05

.09

**xp<.001; **p<.01; *p<.05; §p<.10
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For the remainder of the analyses, we collapsed across the raw proportion scores for each
type of math talk to examine how characteristics of the teachers related to their overall observed
math talk over entire observation. Because there were so few math talk correlations across the
different types of activities, we also performed analyses at the level of the classroom activity to
examine how teacher factors separately related to their math talk during Formal Instructional
Activities (n=45, M=.08, SD=.05; skewness=.69, SE=.35), Informal Activities and Classroom
Routines Activities (n=47, M=.06, SD=.03; skewness=1.45, SE=.35), and the Semi-Structured
Ball Maze Activity (n=48, M=.07, SD=.03; skewness=.13, SE=.34). Note that one score was
removed from Informal Activities and Classroom Routines because it was over 3 standard

deviations above the mean.

3.4 Teachers’ Reported Classroom Activities and Math Talk

Does the math talk that we observed over the course of the observation relate to how
much teachers report doing math in the classroom? On the questionnaire, teachers answered one
question about how often the typical child in their classroom usually worked on lessons in math
and one question about how often the typical child in their classroom usually worked on lessons
in reading or language arts per week (see Table 6 for descriptive statistics). Their responses were
binned into three categories (less than once per week, 1-3 days per week, or 4-5 days per week).
We examined if there were differences in how much math talk teachers used during the different
types of classroom activities according to how they responded to each item, controlling for
classroom size and average age of the children. In the math domain, there was no significant

main effect of teachers’ response on their overall observed math talk, F(2, 45)=2.84, p=.070, nor
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was there a main effect for Formal Instructional Activities, F(2, 42)=.81, p=.452, Informal
Activities and Classroom Routines, F(2, 44)=2.08 p=.139, or the Semi-Structured Ball Maze
Activity, F(2, 45)=.02, p=.983. In the reading domain, there were also no main effect of teachers’
responses on their overall math talk, F(2, 45)=.46, p=.636, Formal Instructional Activities, F(2,
42)=.88, p=.423, Informal Activities and Classroom Routines, F(2, 44)=.73, p=.487, or the Semi-
Structured Ball Maze Activity, F(2, 45)=.54, p=.583.

Teachers also answered one question about how much time the typical child in their
classroom would spend per day working on lessons or projects in math and one question on
reading and language arts (see Table 6 for descriptive statistics). Their responses were binned
into four categories (less than 30 minutes per day, 30-90 min per day, 90-250 minutes per day,
more than 250 minutes per day). In the math domain, the main effect of teachers’ response on
their overall math talk was not significant, F(3, 45)=1.43, p=.248. There was also no main effect
for Formal Instructional Activities, F(3, 42)=1.12, p=.355, Informal Activities and Classroom
Routines, F(3, 44)=.69, p=.564, or the Semi-Structured Ball Maze Activity, F(3, 45)=1.98,
p=.132. In the reading domain, there was also no main effect for overall math talk, F(3,
45)=1.57, p=.212, Formal Instructional Activities, F(3, 42)=1.16, p=.338, Informal Activities and
Classroom Routines, F(3, 44)=1.56, p=.215, or the Semi-Structured Ball Maze Activity, F(2,

45)=.75, p=.528.
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Table 6. Descriptive statistics of teachers’ reported classroom activities and lessons

Descriptive statistics of teachers’ survey responses about how much time children in their
classroom spend on various activities and lessons.

Construct Subscales Items Scale M SD Min Max
1 = never,
Math Lessons 1 7 = five days per 567 177 1 7
Overall frequency of week
lessons per week Readi dL 1 = never,
cading and Language o 7 = five days per 6 162 1 7
Lessons
week
1 = never,
Math Lessons 1 8 = three or more 32 17 1 8
Time spent on lessons hours per week
per day . 1 = never,
Reading and Language 1 8 = three or more 344 18 1 8
Lessons
hours per week
Frequency of specific ~ Math Activities 9 é - QZ‘I’S 416 93 144 567
academic activities per
week i =
Rea_dl_n_g and Language 9 1 = never, 408 94 1 6
Activities 6 = daily
Frequency of specific Focus on Math 15 1 f not taugh@, 329 109 1.33 547
R 6 = taught daily
academic skills taught
er week i -
p Focus on Reading and 12 1 = not taught, 430 96 142 6

Language

6 = taught daily

We then examined how teachers’ use of math talk during the observation related to
teachers’ reports of how often they engaged students in specific math activities (e.g., calendar-
related activities, using a number line), taught specific math skills (e.g., correspondence between
number and quantity, writing numbers 1-10), engaged students in reading and language activities
(e.g., practicing writing the letters of the alphabet, listening to the teacher read stories), or taught
specific reading and language arts skills (e.g., alphabet and letter recognition, matching letters to
sounds) per week (see Table 6 for descriptive statistics). Any scores that were more than three
standard deviations from the mean were excluded from analyses. Partial correlations, controlling
for child age and classroom size, are reported in Table 7. All four of the scales were highly

correlated with one another.
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Teachers’ math talk during over the course of the entire observation was positively
correlated with their reported frequency of math activities per week, teaching of math skills per
week and their teaching of reading skills per week. These significant relations seemed to be
driven by teachers’ use of math talk during Informal Activities and Routines. Teachers who
report doing more math activities and teaching more math skills per week, also used more math
talk during Informal Activities and Routines during the observation. Teachers’ math talk during
Informal Activities and Routines was also positively correlated with their reported teaching of

reading skills per week.
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Table 7. Correlations between teachers’ reported actvities and observed math talk
Partial correlations between teachers’ reported classroom activities and their math talk
proportion scores for the entire observation and each type of classroom activity separately,
controlling for classroom size and average age of the children.

2 3+ 4 5+ 6 7 8
1. Total Math Talk B7FF* Gxxx  30* 19 .36* 39** .35*
2. Math Talk during Formal Instruction — A1 .03 -.04 10 .25 28+
3. Math Talk during Informal - - -
Activities/Routines+ o 09 24 34 33 35
4. Math Talk during Semi-Structured Ball o 13 19 -04 08
Maze
5. Reported Frequency of Specific Reading L T N -
Activities+ ' ' '
6. Reported Frequency of Teaching Reading o 68* Bk
Skills ' '
7. Reported Frequency of Specific Math o B1x*

Activities

8. Reported Frequency of Teaching Math
Skills

***p<.001; **p<.01; *p<.05; +p<.10; + Nonparametric Spearman correlations are reported for
these variables because their distributions were highly skewed.

3.5 Teachers’ Characteristics and their Math Talk

3.5.1 General Characteristics

We examined if teachers’ years of experience, their level of education, and their general
feelings towards teaching related to their math talk over the entire observation and during the
three different types of classroom activities. Partial correlations, that controlled for classroom
size and average age of the children, did not show significant correlations between teachers’

years of experience and their total math talk, r(43)=.11, p=.455, math talk during Formal
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Instruction, r(40)=.14, p=.372, Informal Activities and Routines, rs(42)=.10, p=.513, or the Semi-
Structured Ball Maze Activity, r(43)=.24, p=.144.

Next, we examined if teachers’ level of education (less than Bachelor’s degree,
Bachelor’s degree, or at least one year towards Master’s degree) was related to their math talk.
One-way ANOVAs, with classroom size and average age of the children as covariates, did not
show a significant main effect of education level on math talk over the entire observation (F(2,
46)=1.35, p=.271, np2=.06), during Formal Instruction (F(2, 43)=.44, p=.645, np2=.02), or during
the Semi-Structured Ball Maze Activity (F(2, 46)=1.30, p=.282, np2=.06). There was a significant
main effect of education level on teachers’ math talk during Informal Activities and Classroom
Routines (F(2, 45)=4.56, p=.017, np2=.19). Pairwise comparisons with Bonferroni corrections
showed that teachers who had a Bachelor’s degree used a significantly higher proportion of math
talk during Informal Activities and Routines (M=.07, SE=.01), compared to teachers with less
than a Bachelor’s degree (M=.03, SE=.01), controlling for classroom size and average age of the
children, M difference=.04, SE=.01, p=.014. The comparisons to teachers with at least one year
towards a Master’s degree (M=.05, SE=.01) were not significant.

Finally, we examined if teachers’ passion for teaching and their reported emotions while
teaching (see Table 8 for descriptive statistics) were related to their observed math talk. A
composite of teachers’ emotions was calculated by averaging the items about enjoyment of
teaching, anxiety during teaching (reversed scored), and anger during teaching (reversed scored)
so that higher scores indicated more positive emotions (M=4.57, SD=.41, range=3.57-5).
Controlling for classroom size and average age of the children, there were no significant partial
Spearman correlations between teachers’ passion for teaching and their math talk over the entire

observation (rs(42)=.17, p=.258), during Formal Instruction (rs(39)=.10, p=.540), Informal
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Activities and Routines (rs(41)=.11, p=.494), or the Semi-Structured Ball Maze Activity
(rs(42)=.19, p=.228). Finally, there were no significant partial Spearman correlations between
teachers’ overall emotions towards teaching and their math talk over the entire observation,
(rs(42)=.17, p=.272), during Formal Instruction, rs(39)=.11, p=.502, Informal Activities and

Routines, rs(41)=.14, p=.383, or the Semi-Structured Ball Maze Activity, rs(42)=.27, p=.079.
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Table 8. Descriptive statistics of teachers’ survey responses

Descriptive statistics of teachers’ survey responses about their passion for teaching, emotions
during teaching, beliefs about preschoolers’ math development, and their own feelings towards

various academic subjects.

Construct Subscale Items Scale M SD Min Max
Passion about 4 1 = strongly disagree, 4,77 .38 35 5
Teaching 5 = strongly agree
(higher = more passion)
5 1 = strongly disagree, 4.69 47 3.2 5
Enjoyment of 5 = strongly agree
Teaching (higher = more enjoyment)
Emotions 4 1 = strongly disagree, 1.47 A48 1 2.25
about Anxiety during 5 = strongly agree
Teaching Teaching (higher = more anxiety)
) 4 1 = strongly disagree, 151 52 1 3
Anger during 5 = strongly agree
Teaching (higher = more anger)
Beliefs about 11 1 = strongly disagree, 3.12 .95 1.27 5.45
the Locus of 6 = strongly agree
Generation of (higher = stronger belief that
Math teachers are responsible to
Knowledge help children learn math)
11 1 = strongly disagree, 5.14 .79 2.27 6
Age- 6 = strongly agree
Appropriateness (higher = stronger belief that
Beliefs about of Math_ math is age appropriate for
the Importance Instruction preschool)
of Math in 8 1= strongly disagree, 456 .78 188 55
Preschool Math as the 6 = strongly agree
Primary Goal of (higher = stronger belief that
Preschool math is a priority)
Confidence in 10 1 = strongly disagree, 5.32 .68 3.1 6
Ability to 6 = strongly agree
Teach Math (higher = more confidence in
ability to teach preschool
math)
Personal Value 6 1 = strongly disagree, 2.46 .68 1 4
of Math 4 = strongly agree
(higher = stronger personal
value)
Personal Value 6 1 = strongly disagree, 2.94 72 1 4
of English 4 = strongly agree;
(higher = stronger personal
value)
Math Anxiety 30 1 =notatall, 2.27 .89 1 4.73
5 = very much

(higher = more anxiety)
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3.5.2 Beliefs about Preschool Math Instruction

On the questionnaire, teachers completed measures of their beliefs about math instruction
in preschool (see Table 8 for descriptive statistics). Teachers’ beliefs about the age-
appropriateness of math and their beliefs about math as a primary goal of preschool tapped into
very similar constructs and were combined into one measure of beliefs about the importance of
preschool math in further analyses (M=4.85, SD=.75, range=2.08 to 5.70). Any scores that were
more than three standard deviations from the mean were eliminated; one score was removed
from the measure of teachers’ confidence in their ability to teach math and one score was
removed from teachers’ beliefs about the importance of math.

We used partial correlations, controlling for classroom size, average age of the children,
and teachers’ level of education, to examine how teachers’ beliefs about preschool math
instruction related to their observed math talk. Teachers’ beliefs about preschool math instruction
did not significantly correlate with their observed math talk during the entire observation, or with

their math talk during any of the three different types of classroom activities (see Table 9).
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Table 9. Correlations between teachers’ characteristics and math talk
Partial correlations between teachers’ observed math talk and their beliefs about preschool math
instruction, feelings towards math and English, and performance on the tasks. All models
controlled for classroom size and average age of the children.

Total Math Talk Math Talk Mf”lth Talk_
. . during Semi-
Math during Formal during Informal Structured Ball
Talk Instruction Activities/Routines+
Maze

Beliefs gbout the Locus of Math -0l .01 11 95
Instruction
Beliefs about the Importance of
Math in Preschool+ 15 -09 -28¢ 07
Confidence in ability to teach math+ .01 14 .01 .03
Personal Value of Math 19 .16 A4 -.25
Personal Value of English -.18 .09 16 -.13
Anxiety about Math-+ -.23 -.10 -.10 .18
Woodcock Johnson Math Tasks -.01 -.01 12 =27+
Approximate Number Estimation 20 09 05 o1
Task
Woodcock Johnson Reading Tasks -.07 -.16 .03 .02
Phonological Processing Task 13 .08 -.08 -.10
Spatial Task 21 .05 37 -11

***p<.001; **p<.01; *p<.05; +p<.10; + Nonparametric Spearman correlations are reported for
these variables because their distributions were skewed.

3.5.3 Personal Feelings towards and Comfort Level with Math

On the questionnaire, teachers completed measures of their own anxiety about math,
personal value of math, and personal value of English (descriptive statistics are reported in Table

8). They also completed a number of math, reading and spatial tasks during the follow-up session
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(descriptive statistics are reported in Table 10). Any scores that were more than three standard
deviations from the mean were eliminated in further analyses. One score was eliminated from the
Woodcock Johnson reading measures, one from the phonological processing task, and one from

the spatial task.

Table 10. Descriptive statistics on teachers’ performance on the tasks
Descriptive statistics on teachers’ performance on the math, reading and language, and spatial
tasks.

Domain Task Measure M SD Min Max

Calculation Subtest Standardized Score 98.56 12.02 73 123
Woodcock
Johnson Math

Math Fluency Subtest Standardized Score 104.19  14.80 71 137

Approximate  j,n_sumbolic Number

Number - Proportion Correct .79 .06 .65 .89
. Comparison

Estimation

Woodcock Reading Fluency Subtest ~ Standardized Score 108.38  17.11 84 182

Johnson

Reading Reading Vocabulary Standardized Score 96.67 16.08 71 186

Subtest

Phonological 4 Attack Subtest Standardized Score 9831 1004 57 118

Processing

Spatial Block Design Standardized Score 48.13 10.06 17 69

First, we examined correlations among teachers’ math-related factors, including their
personal value of math, reported anxiety about math, and scores on the two math measures, the
Woodcock Johnson combined math tasks and the measure of approximate numerical estimation
(see full correlation table in Supplemental Table 5). The only significant correlation was between

teachers’ math anxiety and their personal value of math. Teachers who reported higher amounts

62



of anxiety when doing math or thinking about math, also reported less personal value of math
(rs(46)=-.57, p<.001).

Second, we examined how teachers’ math-related characteristics related to their math talk
overall and during each type of classroom activity, controlling for classroom size and average
age of the children (see Table 9). The only math-related characteristic that had a significant
correlation with math talk was teachers’ own personal value of math. Teachers who reported
having a stronger value of math, also had a higher proportion of math talk during Informal
Activities and Routines. Further, this relation seemed to be specific to teachers’ value of math as
the positive correlation remained even after controlling for teachers’ reported value of English

(r(40)=.46, p=.002).

3.5.4 Personal Feelings towards and Comfort Level with Other Subjects

Finally, we examined if any non-math factors, including teachers’ own personal value of
English and the reading and spatial measures, related to teachers’ math talk over the entire
observation and during each type of classroom activity (see Table 9). Controlling for classroom
size and average age of the children, there were no significant correlations between teachers’
value of English, phonological processing, or performance on Woodcock Johnson reading
subtests, with any of the math talk variables. There was a significant positive correlation between
teachers’ performance on the spatial task and their math talk during Informal Activities and

Routines.
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4.0 Discussion

There were three main goals of this study: 1) to capture the frequencies and types of math
talk preschool teachers use as they engage with their students during a range of classroom
activities, 2) to test the relation between observed math talk and teacher reports of math activities
in the classroom, and 3) to examine how characteristics of teachers relate to their use of math

talk in the classroom. We discuss each finding in detail below.

4.1 Differences in Types of Math Talk

Across the entire duration of the classroom observation, we found that teachers used
more talk about cardinality than any other type of math talk. This finding is consistent with prior
studies showing utterances about cardinality to be by far the most common type of math talk in
preschool classrooms (Klibanoff et al., 2006; Rudd et al., 2008; Simpson & Linder, 2016).
Klibanoff and colleagues (2006), for example, found cardinality to make up 48% of all math talk
and was used by all preschool teachers. We similarly found that the cardinality category made up
58% of all math talk instances and all teachers in our sample used the category at least once. Our
teachers used significantly more math talk about cardinality compared to any of the other types
of math talk, even after accounting for their overall amount of talk and controlling for classroom
size and average age of the children.

While cardinality was by far the most frequent type of math talk, there was still a

substantial amount of the other three types of math talk, although there were no significant
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differences among them. Counting made up 15% of all math talk instances and was used by all
but one teacher in our sample, advanced math talk made up 15% of all math talk instances and
was used by all but four teachers in our sample, and other math talk made up 12% of all math
talk instances and was used by all but one teacher in our sample. Further, within each category
there was variability across teachers. While teachers used on average 75.17 (SD=36.16) instances
of math talk about cardinality, the range was from 19 to 164. Math talk about counting
(M=19.98, SD=17.62, range=0-88) and advanced math talk (M=19.27, SD=24.86, range=0-99)
also showed substantial variability.

The considerable amount of variability in math talk across a number of different
categories raises questions about what types of math talk are most beneficial for preschoolers. In
a sample of Kindergarten teachers, Boonen and colleagues (2011) examined the unique relations
between teachers’ types of math talk and various aspects of children’s math skills. Teachers’
speech was recorded during 30 minutes of math-related circle time activities and 30 minutes of
non-math circle time activities. While there was an overall positive association between the
teachers’ total amount of math talk and growth in kindergarteners’ performance on the math
assessments, different types of math input benefitted different types of math skills. Teachers’ talk
about cardinality, for example, benefited kindergarteners’ growth in number sense and in their
ability to compare quantities. In contrast, teachers’ talk about calculations negatively impacted
children’s number sense across time. The authors hypothesized that talk about cardinal values
was developmentally appropriate, while talk about calculations may have been too advanced for
children at the age of five. This study highlights the need for future research to carefully unpack

the content of preschool teachers’ math talk in order to examine the match between different
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types of math talk and what is developmentally appropriate for preschoolers at different ages and

the specific group of students that teachers engage with at each moment in time.

4.2 Differences in Math Talk across different Classroom Activities

After controlling for classroom size and the average age of the children, we found that
teachers used a significantly higher proportion of overall math talk during formal instruction than
during informal activities/routines. In prior studies, researchers have suggested that large-group
instruction, “circle time” in particular, includes a number of routines, activities, and songs that
naturally lend themselves to math talk (e.g., counting the number of children in attendance,
discussion of the calendar), which may be why we found higher proportions of math talk during
formal instructional activities. On the one hand, it is possible that teachers choose to focus on
math lessons during circle time or small groups because they want to make sure all children have
access to the information. Simpson and Linder (2016) have shown that a majority of teachers’
math-related utterances during circle time are directed towards all children in the room rather
than towards individual children at a time. On the other hand, informal activities/routines may
provide teachers with more opportunities to tailor their math talk to specific children in the
classroom rather than catering to a group of children who have varying levels of math
knowledge.

Although the highest proportion of math talk occurred during formal instruction, we still
extended the findings of previous studies by capturing incidental math talk that occurred outside
of planned instructional activities. We showed that there are vast individual differences in

teachers’ math talk during free play, meals, and transitions between activities. Capturing the
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math talk that occurred during informal activities/routines is important because teachers on
average spent more time during free play, meals, and transitions (85.46 minutes) than in large-
group and small-group instruction (73.95 minutes). Further, at least on the day(s) of the
observation, not all of the teachers in our sample had a time of the day dedicated to formal
instructional activities.

When we examined correlations between types of math talk during formal instruction
with types of math talk during informal activities, there was only one significant correlation:
teachers who used more counting during formal instruction were also more likely to use counting
during informal activities/routines. The general lack of significant correlations between math talk
during formal instruction with math talk during informal activities/routines supports the findings
of McCray and Chen (2012). They found more math talk during circle time than during non-
circle time activities. Here we find similar results with a larger sample of teachers, a longer
period of classroom observation, and a more specific distinction between our types of classroom
activities (formal teacher-directed instruction vs. less formal activities and classroom routines).
The previous studies on the relation between teachers’ math talk and growth in children’s math
knowledge focused mainly on teachers’ math talk during circle time (Boonen et al., 2011;
Klibanoff et al., 2006; McCray & Chen, 2012; Simpson & Linder, 2016). Given that math talk
during formal instruction does not correlate with variability in teachers’ math talk during other
activities, it is important to design studies that observe teachers’ math talk during a wide range of
classroom activities while also measuring growth in students’ math talk over time. Our
discussion in sections 4.3 and 4.4 may help shed light on potential reasons for the inconsistencies

in math talk across formal and informal classroom activities.
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We also included a semi-structured building activity in our study, in which we gave all
teachers in the sample a novel toy for a small-group activity. After controlling for classroom size
and average age of the children, the proportion of overall math talk during the semi-structured
ball maze activity fell in between the average amount used during formal instruction and the
amount used during informal activities/routines, though it was not significantly different from
either of those two categories. The amount of math talk occurring during this activity is
noteworthy given that math was not explicitly necessary to play with the toy, teachers were not
given any math-related instructions, and they were unaware of the math-specific focus of our
study. Most teachers incorporated cardinality, counting, and other math talk at least once, and
about a third of the teachers even incorporated small amounts of advanced math talk. Because we
only had audio-recordings of the activity and not videos, we were unable to assess details about
how teachers and children completed the semi-structured activity that may be related to the
amount of math talk teachers used during the activity. Details, such as whether or not they tried
to make exactly the structure on the example image, the number of different structures they
made, and if they were able to build a functional structure, should be assessed in any future
studies using this task.

In the literature on parents’ math talk with their children, semi-structured activities have
been used to elicit certain types and amounts of math talk that rarely occur under naturalistic
conditions (Casey et al., 2016; Ramani et al., 2015). As in the parent literature, we found high
variability in teachers’ use of math talk during the semi-structured ball maze activity and found
that for some teachers, the ball maze activity elicited more math talk than the naturalistic
classroom activities. Seventeen out of the 48 teachers exhibited the highest proportion of math

talk during the semi-structured ball maze activity, while 19 teachers exhibited the highest
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proportion during formal instruction and 9 teachers exhibited the highest proportion during
informal activities and routines. Further, there were no significant correlations between any of
the types of math talk during the ball maze activity with any of the types of math talk during the
naturalistic activities. These findings highlight the fact that some teachers who either rarely used
math talk in the classroom, or who did not use much math talk on the particular day(s) of the
observation, did use a high proportions of math input while completing the semi-structured ball
maze activity.

There are some previous findings that suggest it may be important to examine teachers’
math talk not just in terms of the types of classroom activities, but also in terms of the specific
materials teachers are using. In a small sample of five Head Start teachers, Simpson and Linder
(2016) found that preschool teachers’ math talk was more likely to occur in some free play areas
of the room (e.g., the math and science area) over others (e.g., the art area). Interestingly, the
specific content of teachers’ math talk also differed across contexts. When teachers talked to
children in the pretend kitchen area their math talk was mostly limited to counting, but in the
math and science area teachers used more complex types of math talk, such as talk about patterns
and simple arithmetic. Replications with larger samples are needed to draw strong conclusions,
but this preliminary study combined with our findings regarding the ball maze activity, suggests
that teachers may provide different math-related learning opportunities depending on the
materials that they have at their disposal during different activities. An interesting direction for
future research would be to examine which teachers benefit the most from being given specific

materials or semi-structured activities to prompt math-related talk.
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4.3 Teachers’ Observed Math Talk and their Reported Activities

We did not find any relation between teachers’ observed math talk and their reports of
how much time children in their classroom spend working on math lessons. However, we did
find significant positive correlations between teachers’ overall math talk with both their reported
frequency of specific math activities and their reported frequency of teaching math skills. These
findings are in line with a previous study that used the same questionnaire with a larger sample
of Head Start teachers (Hindman, 2013). This study reported a small, but significant, correlation
between teachers’ reports of math activities and how much of their day involved either direct
math instruction (e.g., talking about math content with the children) or indirect math instruction
(e.g., setting up materials for children to learn about math through play). Our findings suggest
that asking teachers to report how often they do specific math activities or teach certain math
skills may be a better way to capture variability in their instruction rather than asking them to
report the general amount of time children spend doing math lessons.

We also examined the associations separately for the three different types of classroom
activities. Only teachers’ math talk during informal activities/routines was significantly and
positively correlated with their reported frequency of doing specific math activities or teaching
math-related skills, though the correlations with formal instructional activities were marginally
significant or trending in the positive direction.

There are at least two, not mutually exclusive reasons why teachers’ reports of classroom
activities could be more strongly related to their math talk during informal activities/routines
compared to their math talk during formal instruction. First, it is possible that there is more day-
to-day consistency across informal activities/routines than there is across formal instruction.

During times of the day that are dedicated to formal instruction, including large-group and small-
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group, teachers often choose to teach a specific planned lesson (e.g., a science lesson on which
objects float, the history of an upcoming holiday, fire safety, or words that start with the letter
K). Because the topics of these lessons change daily, it is possible that our 93- to 226-minute
observations over 1 or 2 days did not accurately capture the range of math talk that would have
occurred during formal instructional activities over the course of multiple days. Indeed, for some
items on the scale, most teachers reported doing the math activity, but few teachers reported
doing it every single day. For example, while 38 teachers said they have used music to help
children understand math concepts, only six teachers report doing it daily (4 teachers report
doing it 3-4 times per week, 11 report doing it once or twice per week, and 17 teachers reported
doing it do it 1-3 times per month). Perhaps some uses of math talk during informal
activities/routines have more day-to-day consistency (e.g., always asking children to stand on
numbered spots on the floor when lining up or specifying how many servings of snack to take
each day). This potential theory could be tested using longitudinal studies of teachers interacting
with their preschoolers across multiple days in order to examine the consistency of input children
receive across different types of classroom activities.

Second, it is also possible that the questionnaire contained activities and skills that were
more likely to be used or discussed during certain types of classroom activities. For example,
teachers’ reports of “working on calendar activities” may be more strongly related to their math
talk during formal instruction, while their reports of “playing math-related games” may be more
strongly related to their math talk during informal activities/routines, especially during free play.
Follow-up studies could use item-level analyses to see if the questionnaires contained more items
that were most likely to be used during informal activities/routines, rather than during formal

instruction.
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Item-level analyses could also help answer a number of more general concerns about the
relation between teachers’ reported activities and their observed math talk. First, there could be
vast differences in the duration and quality of each activity that are not reflected in their
responses on the questionnaire. For example, two teachers could have both reported working on
calendar activities daily during circle time, but one could have done a daily calendar activity with
one math-related utterance (e.g., “Today is March 4t”) and the other with five math-related
utterances (e.g. “Let’s count the days on the calendar! One, two, three. Yesterday was March 3rd,
so today must be what? Three plus one is four. Today must be March 4th”). Second, it is
important to keep in mind that these questionnaires were originally developed for Kindergarten
teachers. Although prior to data collection we eliminated some items that we thought were too
advanced for preschoolers, there were still many items that the majority of teachers reported
never doing, such as teaching children to “tell time” or “count by 2s, 5s, and 10s”. Third, many
of the items on the scales were related to aspects of math that were not captured by our math talk
coding, i.e., “working with geometric manipulatives”, “recognizing and naming geometric
shapes”, “organizing objects into subgroups according to a rule”, “ordering objects by size”, and
“making, copying, or extending patterns”. These concerns highlight the need for future directions
to code a broader range of mathematically-relevant speech including talk about shapes and
spatial relations, sequences, and patterns, and to unpack which individual items on the

questionnaire explain more variability in teachers’ math talk across settings.
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4.4 Characteristics of Teachers and their Observed Math Talk

Prior work has found variability in math talk between preschool teachers holding the
same educational credentials and even between teachers within the same schools or classrooms
(Klibanoff et al., 2006; McCray & Chen, 2012; Rudd et al., 2008). In our study, we not only
measured general characteristics of teachers’ training (e.g., education level, years of experience),
but we also included a number of specific math-related characteristics, including their beliefs
about preschool math instruction and their own comfort with and feelings towards math.

In this sample, we found that certain characteristics of teachers relate to their use of math
talk in the classroom, albeit with only their math talk during informal activities/routines. First,
teachers with a Bachelor’s degree, used more math talk during informal activities/routines than
teachers without a Bachelor’s degree, controlling for classroom size and average age of the
children. Second, teachers who reported having a higher personal value of math also used more
math talk during informal activities/routines, controlling for classroom size and average age of
the children. Teachers with a high value of math endorsed statements such as “Mathematics is
important to me personally”, “I enjoy puzzling over mathematics”, and “If | can learn something
new in mathematics, I’m prepared to use my free time to do so”. This scale had a good
distribution of average scores, with 5 teachers strongly agreeing with the statements, 18 agreeing,
20 disagreeing, and 3 strongly disagreeing. Further, the relation between teachers’ value of math
and their observed math talk, remained after controlling for teachers’ personal value of another
academic, but non-math subject (i.e., English), suggesting that the association was specific to
teachers’ value of math. Finally, teachers’ beliefs about the importance of math instruction in

preschool classrooms followed a similar pattern of results, but the correlation between beliefs
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about importance and observed math talk during informal activities/routines was only marginally
significant, controlling for classroom size and average age of the children.

Together, this pattern of results suggests a difference between how characteristics of
teachers relate to their math talk during formal instruction and during informal
activities/routines. It seems likely that teachers’ use of math talk during formal instruction may
be best explained by variables not measured in this study, such as which curriculum teachers use,
how well they follow it, and expectations from the school. In line with previous studies, we did
not find evidence that differences in teachers’ math talk were largely driven by their belonging to
certain schools. However, it is possible that school-level expectations or specific curriculum
requirements differed between classrooms within the same school since very few schools in our
study contained more than one classroom of children of the same age.

During informal activities/routines, teachers’ math talk may be driven more so by their
own backgrounds and personal preferences than the curriculum of the school. Teachers with
Bachelor’s degrees compared to teachers without Bachelor’s degrees, may be better at
capitalizing on everyday opportunities to help children learn math during free play, meals, or
transitions between activities, as a result of more extensive professional development or training.
Further, teachers who indicated a higher personal value of math, who reported enjoying thinking
about math and doing math-related activities in their free time, may be more likely to knowingly
or unknowingly initiate math-related conversations with students, incorporate math into
everyday routines, or notice the math-related aspects of play during informal activities. This
theory is supported by a recent finding showing that preschool teachers’ reports of their own joy
and interest in math predict their sensitivity to math content in hypothetical written scenarios of

play-based situations in preschool classrooms (Anders & Rossbach, 2015). Our finding is also
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reflected in the parent literature. Because parents rarely engage their preschoolers in formal
group instructional activities, their math-related interactions with their children are most aligned
with our informal activities/routines category in preschool classrooms. In a study in which
parents were asked why they preferred teaching their child language over math, 40% of parents
mentioned that they themselves liked language more and felt more skilled at language than math
(Cannon & Ginsburg, 2008). Thus, there is general support for the idea that teachers’ math talk
outside of formal, curriculum-driven activities, may be most influence by general aspects of their
training as well as their own enjoyment of math.

We did not find any links between teachers’ observed math talk and their beliefs about
who is responsible for children’s math learning (i.e., teachers’ responsibility to set math goals vs.
children construct their own math knowledge). In prior work, this measure was shown to be
important for general teaching practices, but it had not yet been examined in relation to teachers’
math talk (Platas, 2015). The lack of a statistical association between these two variables may be
a result of heterogeneity in the responses on the questionnaire that depended on the specific
items. For example, teachers who strongly endorsed statements such as “Teacher should play a
central role in math instruction” and “Preschoolers learn math best through direct teaching”, did
not generally endorse statements such as “Math flashcards are appropriate” or “Math worksheets
are appropriate for preschool”, presumably because they believed those types of activities to be
too advanced or formal for preschool. Prior work has shown that preschool teachers generally
believe children learn math during everyday experiences (Chen, McCray, Adams, & Leow,
2013). Thus, future research is needed to examine if the relation between teachers’ beliefs about
the generation of math knowledge and their observed math talk, could be obscured by the

guestionnaire measuring two separable constructs.
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We also did not find any relation between teachers’ confidence in their ability to teach
math to preschoolers nor their math anxiety with their observed math talk. As a group, teachers
were very confident in their ability to teach math. Overall, across the items, 42 teachers “agreed”
or “strongly agreed” with statements about having confidence in their ability to teach math,
while only 1 teacher somewhat disagreed with the statements. Relatedly, the teachers in our
sample did not report high levels of math anxiety. Only three teachers reported having “very
much” or “much” math anxiety, with 12 teachers reporting a “fair amount” of math anxiety, 31
reporting “a little” math anxiety or “none at all”. Because these were self-report measures,
teachers could have felt pressure to indicate more confidence and more positive feelings towards
math. However, their reports of math anxiety are aligned with their reported value of math and
marginally correlated with their performance on the math tasks, making this explanation less
likely. It is more likely that most teachers in our sample were confident in math but that these
factors did not capture differences in how teachers used math in the classroom.

In this study, we found no evidence of an association between teachers’ performance on
any of the math tasks and their observed math talk in the classroom. Although research in the
parent literature has found some evidence that parents with greater numerical estimation skills
and greater self-reported math abilities tend to talk more about numbers with their
kindergarteners when playing together (Elliott et al., 2017), it is possible that parents with greater
math skills and more positive feelings towards math pass this disposition on to their children,
who are then more likely to initiate math-related conversations during play. Further, the math
skills measured in this study (i.e., the ability to solve advanced calculation problems and quickly

recall arithmetic facts) are not likely to tap into the skills necessary to teach math in preschool.
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A more promising direction for future research may be to instead measure the specific
knowledge teachers need to teach math at their particular instructional level, including
knowledge of the math content, math-related teaching practices, and developmental processes for
learning math (Ball, Hill, & Bass, 2005). McCray and Chen (2012) assessed preschool teachers’
content knowledge by presenting them with classroom-based scenarios, such as a description of
two children playing together in the block area. They then asked teachers a series of questions,
such as “What kinds of math do you see in this play?” or “What might you say to help the
children also see that math?”. Teachers’ scores from these interviews not only related to
teachers’ total amount of math language during an hour of recorded activities in the classroom,
but also preschoolers’ gains in math knowledge from the beginning to the end of the school year.
When children begin to play in mathematically relevant ways (e.g., saying that there are not
enough beds for the baby dolls), teachers’ knowledge of key math principles such as one-to-one
correspondence may prompt them to ask questions encouraging elaboration (e.g., “How do you
know?”’) or questions to advance children’s thinking to the next level (e.g., “Well, how many
more beds do you need?””). These are the types of interactions that could explain differences in
students’ growth in mathematics over the school year. An important next step will be to expand
this work using a number of aspects of the current study. First, researchers could examine the
relations between preschool teachers’ content knowledge and their use of math talk over multiple
types of instructional and informal classroom activities. Second, researchers could examine the
intercorrelations between teachers’ content knowledge, education level, beliefs about math
instruction, and their own personal value of math, as well as the relative strengths of those four

variables for predicting teachers’ observed math talk.
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While we did not find any significant relations between teachers’ math talk and the math
or reading tasks, we did however observe a significant correlation between teachers’
performance on the spatial task and the proportion of math talk they used during informal
activities/routines, controlling for classroom size and average age of the children. This finding is
surprising given the lack of an association between teachers’ math talk and their performance on
math tasks, and is difficult to interpret because our study did not include any other measures
related to the spatial domain or code for spatial aspects of teachers’ speech. In the parent
literature, parents’ spatial talk (i.e., words about spatial features, such as “small”, “square”,
“curve”, “rotate’) while playing with their toddlers and preschoolers, varies widely and also
correlates with their children’s use of spatial language (Pruden, Levine, & Huttenlocher, 2011).
It follows that spatial talk among preschool teachers may also vary widely, and perhaps differ
across different classroom activities. One possible explanation is that our findings result from a
greater co-occurrence of math talk with spatial talk during informal activities and classroom
routines, however studies that specifically focus on the spatial domain would be needed to
examine how teachers promote their students’ spatial skills and how those interactions may

relate to teachers’ own performance on spatial tasks.

4.5 Limitations and Conclusions

A number of limitations and future directions have been mentioned throughout the
discussion. Additionally, it is important to keep in mind that this sample is not representative of
all preschool classrooms; the majority of teachers had at least a Bachelor’s degree and our

schools consisted of private, university-based, church-based, or non-profit child care centers. It

78



will be critical to conduct follow up studies that include teachers working in a wider range of
preschool settings, including publicly funded programs. It should also be noted this study is
correlational in nature and claims about causal relations between characteristics of teachers and
their observed math talk in the classroom cannot be made from the evidence gathered thus far.
Although we focused on potential explanations for variability in teachers’ math talk, we also
recognize the additional influences of variables not included in this study, including child-level
factors (e.g., initial math ability at the start of the school year, attention, executive function),
family-level characteristics (e.g., parental math talk, the home numeracy environment, socio-
economic status) and school-level factors (e.g., type of center, curriculum, access to resources).
Most importantly, as discussed above, children themselves play a role in initiating their teachers’
math talk through their own talk and through their activity choices. A challenge for future
research will be to simultaneously measure both teachers’ and children’s math talk in the
classroom in order to examine how teachers tailor their math talk to the individual needs of their
students and to examine the role that children play in eliciting different types of math talk from
their teachers across different classroom activities.

A lack of early experiences in childhood that support mathematical development have
long-term consequences for children’s later math skills and educational attainment (Geary, 2000;
Jordan et al., 2009). The National Association for the Education of Young Children and The
National Council of Teachers of Mathematics have called for improvements in high-quality math
education for preschoolers to ensure that all children enter elementary school with the skills
necessary to succeed in math (NAEYC & NCTM Joint Position Statement, 2010). In this study,
we add support to the general finding in the literature, that there is tremendous variability in the

amount of math talk that occurs across preschool classrooms, that is not explained by teachers’
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overall amount of talk, classroom size, or the average age of the children. We also extended this
work by 1) conducting a lengthier observation of preschool teachers interacting with their
students across a range of naturally occurring and semi-structured classroom activities, 2)
correlating observed math talk to teacher reports of the frequency of math activities in the
classroom, and 3) examining how characteristics of teachers, beyond their level of education,
explain individual variability in their use of math talk across different activities.

Findings from this study should serve to inform subsequent work that additionally
measures children’s math knowledge at the beginning and end of the school year, examines how
math talk across different classroom settings affects children’s math knowledge, and analyzes if
teachers’ math talk mediates the relation between math-specific characteristics of the teachers
and the math skills of the children in their classroom. Intervention studies that use professional
development training for in-service teachers are additionally needed to examine the malleability
of teachers’ math talk. There is some preliminary evidence that “naptime meetings”, in which
teachers received instruction on how to use more and varied types of math talk, increase their use
of math talk in the classroom (Trawick-Smith, Oski, DePaolis, Krause, & Zebrowski, 2016).
Perhaps, the most successful interventions will result from professional development about the
potential carry-over effects of teachers’ own feelings towards math and training programs to help
teachers take advantage of “teachable moments” during everyday activities and routines in the

classroom.
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Appendix A Questionnaire Items

Math Instructional Activities
Prompt: How often do children in your class do each of the following math activities?

wWoNOGOR~WNE

Count out loud

Work with geometric manipulatives

Work with counting manipulatives to learn basic operations

Play math related games

Use music to understand math concepts

Use creative movement or creative drama to understand math concepts
Work with rulers, measuring cups, spoons, or other measuring instruments
Engage in calendar-related activities

Use a number line to understand number concepts

Math Curricular Focus
Prompt: For this school year as a whole, please indicate how often each of the following math
skills are taught in your class or classes.

Correspondence between number and quantity

Writing all numbers between 1 and 10

Counting by 2s, 5s, and 10s

Recognizing and naming geometric shapes

Identifying relative quantity (e.g. equal, less, more, least, most)
Sorting objects in subgroups according to a rule

Ordering objects by size or other properties

Making, copying, or extending patterns

Adding single-digit numbers

. Subtracting single-digit numbers

. Reading two-digit numbers

. Ordinal numbers (e.g. first, second, third)
. Using measuring instruments accurately
. Telling time

. Estimating quantities

Reading and Language Arts Activities
Prompt: How often do children in your class do each of the following reading and language arts
activities?

Nogak~wnpE

Practice writing the letters of the alphabet

Discuss new or difficult vocabulary

Work on phonics

Listen to you read stories where they see the print (e.g., Big books)
Listen to you read stories but they don’t see the print

Retell stories

Write with encouragement to use invented spellings, if needed
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8. Do an activity or project related to a book or story
9. Perform plays and skits

Reading and Language Arts Curricular Focus

Prompt: For this school year as a whole, please indicate how often each of the following reading
and language arts skills is taught in your class or classes.

Conventions of print (left to right orientation, book holding)

Alphabet and letter recognition

Matching letters to sounds

Writing own name

Rhyming words and word families

Blending separate sounds of a word to say the word (e.g., “/c/ /a/ /t/ - cat”)
Common prepositions such as over and under, up and down

Identifying the main idea and parts of a story

Making predictions based on text

10 Using context cues for comprehension

11. Communicating complete ideas orally

12. Remembering and following directions that include a series of actions

CoNooR~LNE

Teacher Passion
Prompt: Please rate how much you personally agree or disagree with the following statements:
1. I spend a lot of time doing my job as a teacher.
2. | like my job as a teacher.
3. My job as a teacher is important to me.
4. My job as a teacher is a passion for me.

Emotions while Teaching
Prompt: Please rate how much you personally agree or disagree with the following statements:
1. 1 enjoy teaching these students/this class.
2. | have so much fun teaching these students/this class.
3. 1 gladly prepare and teach my lessons in this class.
4. | teach these students/this class with enthusiasm.
5. | often have reason to be happy while I teach these students/ this class.
6. *I feel tense and nervous while teaching these students/this class.
7. *I am often worried that my teaching is not going so well with these students/ this class.
8. *Preparing to teach these students/this class often causes me to worry.
9. *I feel uneasy when | think about teaching these students/ this class.
10. *1 often have reason to be angry while | teach these students/ this class.
11. *1 often feel annoyed while teaching these students/ this class.
12. *Sometimes | get really mad at these students/ this class.
13. *Teaching theses students/this class frustrates me.
* indicates reverse scored item

Math Expectancy-Value

Prompt: Please rate how much you personally agree or disagree with the following statements:
1. I'mreally keen to learn a lot in mathematics.
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Mathematics is important to me personally.

It is important to me personally to be a good mathematician.

| enjoy puzzling over mathematics.

When I’'m working on a mathematics problem, I sometimes don’t notice time passing.
If I can learn something new in mathematics, I'm prepared to use my free time to do so.

oakwn

English Expectancy-Value

Prompt: Please rate how much you personally agree or disagree with the following statements:
I'm really keen to learn a lot in English.

English is important to me personally.

It is important to me personally to be good at English.

| enjoy puzzling over English problems.

When I’'m working on a English problem, I sometimes don’t notice time passing.

If I can learn something new in English, I'm prepared to use my free time to do so.

oukrwnE

Beliefs about Math Instruction: Locus of Instruction
Prompt: Please rate how much you personally agree or disagree with the following statements:
. *Preschoolers learn mathematics without teachers
. *In preschool, children construct mathematical knowledge
. Math flashcards are appropriate
. The teacher should play a central role in mathematical instruction
. Preschoolers learn mathematics best through direct teaching
. In preschool, children should learn specific procedures
. Teachers should help children memorize number facts
. Preschool teachers are responsible for right answer
. Math worksheets are appropriate for preschoolers
10. Teachers should show preschoolers the correct way
11. Preschoolers memorize verbal counting
* indicates reverse scored item

OO ~NOoO Ul WN P

Age-Appropriateness
Prompt: Please rate how much you personally agree or disagree with the following statements:
Teachers can help preschoolers learn mathematics
*1t is better to wait until kindergarten for math instruction
*Mathematical activities are an inappropriate use of time
*Math is confusing to preschoolers
*Academic subjects such as mathematics are too advanced
*Very few preschoolers are ready for math
Preschoolers are capable of learning math
Most preschoolers are ready for participation in math
Children are ready for math activities in preschool
10 Mathematical activities are age appropriate for preschoolers
11. Math is a worthwhile and necessary subject for preschoolers
* indicates reverse scored item

WCooNoOrwWNE
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Math Development as Primary Goal
Prompt: Please rate how much you personally agree or disagree with the following statements:

OONP’S”P.W!\’!—‘

*Social and emotional development is a primary goal of preschool
*Preschool math will weaken preschoolers’ self confidence
*Preschool children are not socially or emotionally ready for math
*Math activities mean socio-emotional development is neglected
Math is an important part of the preschool curriculum

Math activities are good opportunities to develop social skills
Math activities are a very important part of the preschool
Development in academics such as math is goal of preschool

* |nd|cates reverse scored item

Confidence in Instruction
Prompt: Please rate how much you personally agree or disagree with the following statements:

wCoNoGOR~wWNE

10

*Teaching mathematics to preschoolers would be uncomfortable
*| am unsure how to support math development for young children
*Math would be a difficult subject for me to teach in preschool

*1 do not know enough math to teach it in preschool

*1 do not know how to teach math to preschoolers

| am knowledgeable enough to teach math in preschool

| can think of many math activities

Math would be easy for me to incorporate into preschool curricula
| can create effective math activities for preschoolers

| know how to support math learning in preschool

* indicates reverse scored item

Math Anxiety
Prompt: Please rate how much you personally agree or disagree with the following statements:

N~ wWN

15.
16.

Taking an examination (final) in a mathematics course

Thinking about an upcoming mathematics test one week before

Thinking about an upcoming mathematics test one day before.

Thinking about an upcoming mathematics test one hour before.

Thinking about an upcoming mathematics test five minutes before.

Waiting to get a mathematics test returned in which you expected to do well.
Receiving your final mathematics grade in the mail.

Realizing that you have to take a number of mathematics classes to fulfill the
requirements in your major.

Being given a "pop" quiz in a mathematics class.

. Studying for a mathematics test.
11.
12.
13.
14.

Taking the mathematics section of a college entrance examination.

Taking an examination (quiz) in a mathematics course.

Picking up the mathematics textbook to begin working on a homework assignment.
Being given a homework assignment of many difficult problems, which is due the next
class meeting.

Getting ready to study for a mathematics test.

Dividing a five-digit number by a two-digit number in private with pencil and paper.
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17.
18.
19.
20.
21.
22.
23.
24,
25.

26.
217.
28.
29.
30.

Adding 976 + 777 on paper.

Reading a cash register receipt.

Figuring the sales tax on a purchase that costs more than $1.00.

Figuring out your monthly budget.

Being given a set of numerical problems involving addition to solve on paper
Having someone watch you as you total up a column of figures.

Totaling up a dinner bill that you think overcharged you

Being responsible for collecting dues for an organization and keeping track of the amount
Studying for a driver's license test and memorizing the figures involved, such as the
distances it takes to stop a car going at different speeds.

Totaling up the dues received and the expenses of a club you belong to.

Watching someone work with a calculator.

Being given a set of division problems to solve.

Being given a set of subtraction problems to solve.

Being given a set of multiplication problems to solve.
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Appendix B Supplemental Tables

Supplemental Table 1. Teachers’ number of courses

Descriptive Statistics on the Number of Courses (0, 1, 2, 3, 4, 5, 6+) Teachers Completed in
Each Area (N = 47).

Course Areas Min Max Median Mode Mean SD

Early Childhood Education 0 6+ 6+ 6+ 3.98 2.51
Elementary Education 0 6+ 5 6+ 3.91 2.39
Special Education 0 6+ 2 0 2.34 2.17
Curriculum Development 0 6+ 2 4 2.55 2.01
English as a Second Language 0 6+ 0 0 .79 1.37
Child Development 0 6+ 4 6+ 3.68 2.14
Teaching Methods 0 6+ 3 6+ 3.26 2.20
Program Administration/Management 0 6+ 0 0 1.23 1.81

Supplemental Table 2. Teachers’ certificate and credentials

Number of Teachers with each State Awarded Certificate or Credential Pertaining to Early
Childhood Education (N = 47).

Name of Certificate or Credential Number of Teachers
Child Development Associate (CDA) credential 4
State certificate in early childhood education 12

State certificate in elementary childhood education
State certificate in secondary education

State certificate in special education

Another state certificate

A license as a registered nurse

A license as a practical nurse

A license as a social worker

A license as a psychologist

A license as a speech pathologist

coroonmwnN g
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Supplemental Table 3. Raw instances of math talk

Descriptive statistics of teachers’ raw instances of math talk for each type of math talk during
each type of classroom activity.

Classroom Activity Type

Informal Semi-
Formal Activities and Structured
Instructional Classroom Ball Maze
Activities Routines Activity
N =45 N =48 N =48

Cardinality and Equivalence Math Talk

M 33.56 23.00 20.71

SD 27.98 21.91 13.81

Range 1-199 4-132 0-52
Counting and Ordering Math Talk

M 11.11 6.02 3.54

SD 13.79 7.48 4.89

Range 0-73 0-41 0-18
Advanced Math Talk

M 15.44 4.15 .65

SD 24.75 7.41 1.42

Range 0-99 0-35 0-8
Other Math Talk

M 6.8 6.56 3.02

SD 762 7.39 3.19

Range 0-32 0-31 0-11
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Supplemental Table 4. Raw proportion scores of math talk

Descriptive statistics of teachers’ raw math talk proportion scores for each type of math talk
during each type of classroom activity.

Classroom Activity Type

Informal
Formal Activitiesand  Semi-Structured
Instructional Classroom Ball Maze
Activities Routines Activity
N =45 N =48 N =48
Cardinality and Equivalence Math
Talk/Utterances
M .046 .035 .051
SD .029 .025 .024
Range .004 - .190 .008 - .116 0-.100
Counting and Ordering Math
Talk/Utterances
M .013 .008 .007
SD 011 .008 .010
Range 0-.049 0-.036 0-.039
Advanced Math Talk/Utterances
M .015 .006 .001
SD .023 .01 .003
Range 0-.098 0-.049 0-.013
Other Math Talk/Utterances
M .008 .009 .007
SD .007 .008 .007
Range 0-.038 0 -.043 0-.030
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Supplemental Table 5. Correlations between teacher measures

Correlations between teachers’ feelings towards math and English and performance on the tasks.

2 3 4 5 6 7 8
1. Personal Value of Math 5200 =59 27+ 12 -.06 15 .32*
2. Personal Value of English — -.24 21 -.04 A2 A7 19
3. Anxiety about Math+ — -.25¢ -25 0 -.39* -.29+
4. Woodcock Johnson Math o .08 36 Qs 3%
Tasks
5. Approximate Number
Estimation Task _ -08 02 261
6. Woodcock Johnson Reading o 33 23
Tasks
7. Phonological Processing 29
Task o i

8. Spatial Task _

***p<.001; **p<.01; *p<.05; +p<.10 + Nonparametric Spearman correlations are reported for this
variable because the distribution was skewed.
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