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The Numeracy Kit for Kindergarten 5-Year-Olds (NyKK-5) is a tool to support kindergarten
teachers’ numeracy practices. Based on a pedagogy of enactment, the NyKK-5 was designed to
simulate the types of in-class supports that have been identified as critical elements of effective
mathematics professional development (PD). Two groups of teachers received PD on children’s
early numeracy: The NyKK-5 condition was provided the NyKK-5 and the theory condition was
not provided any pedagogical tools. Students in the NyKK-5 and theory classrooms
demonstrated greater numeracy growth relative to students in a comparison condition. Teacher
logs and classroom observations suggested that the amount of time spent engaging students in
mathematics was more predictive of student learning than the NyKK-5 by itself, but the amount
of teaching experience may define one condition under which use of the tool is optimized.
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Young children’s number sense is predictive of their future mathematical development, and
kindergarteners who fail to acquire early numeracy skills tend to fall behind their peers as they
advance through school (Aunola et al., 2004; Jordan et al., 2010). As such, teachers who provide
a strong numeracy foundation in the early years play an important role in their students’ future
academic success (Presser et al., 2015; Starkey et al., 2004). Early childhood educators, however,
need support to establish these numeracy foundations in their classrooms (Ginsburg et al., 2008).
In the present study, we investigated the impact of a professional development (PD) initiative for
kindergarten teachers centered on a “pedagogy of enactment” (Grossman & McDonald, 2008, p.
189). Our goal was to examine the effect of the professional development on children’s
numeracy over the course of the kindergarten year and to use descriptions of the teachers’
classroom practice to explain the findings.

Situating Early Numeracy Professional Development in Practice

Early numeracy education centers on rich teacher-student conversations around numeracy
concepts, where teachers capitalize on teachable moments during play and continually adjust
instruction to respond to students’ in-the-moment, educational needs (Ginsburg & Ertle, 2008;
Jacobs & Empson, 2016). Creating this kind of learning environment requires a profound
knowledge of students’ numeracy development (Ball et al., 2008; Even & Tirosh, 1995), which
enables teachers to notice and interpret students’ understanding, appropriately respond in the
moment, and make informed instructional decisions to advance their learning (Ghousseini &
Sleep, 2011; Ginsburg & Ertle, 2008; Jacobs & Empson, 2016; Stahnke et al., 2016).
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Although attending to children’s mathematics thinking is a key characteristic of effective PD
(Carpenter et al., 1989; Hawes et al., 2021), it is not sufficient: PD must be sustained and situated
in the practice of teaching (Ball & Cohen, 1999; Borko et al., 2010). Such a pedagogy of
enactment approach to PD entails in sifu supports during the act of teaching, which are effective
because they enhance teachers’ ability to incorporate newly-acquired PD content into their daily
instructional routines (Ball & Forzani, 2009; Hiebert & Morris, 2012; McDonald et al., 2013).
Regrettably, such PD is often resource intensive and rarely sustainable in the long run. In the
absence of prolonged in-class support from school leaders and mathematics coaches (see
Gibbons et al., 2017, for an example), teachers need alternative resources to help them make
instructional decisions in the moment, particularly within messy classroom environments that
contain many demands on their attention. We posit that usable devices, such as a toolkit, may act
as a suitable proxy for these in-class supports.

We developed the Numeracy Kit for Kindergarten 5-year-olds (NyKK-5) to act as a
surrogate for the in-context supports that have been identified in previous research as an essential
component of effective professional development (e.g., Ghousseini & Sleep, 2011). The NyKK-5
is a collection of activities and corresponding materials based on a set of core early numeracy
skills that have been found to be predictive of children’s achievement in the first grade and
beyond (Jordan et al., 2007; Jordan et al., 2009; Navarro et al., 2012). Teachers can use the kit to
enact numeracy activities in the classroom and formatively assess their students’ mathematical
thinking. It is portable and designed for teachers to use on the fly to plan their lessons, interpret
their students’ thinking, and make decisions about instructional moves that are responsive to
their students’ learning needs (Jacobs & Empson, 2016).

Present Study

Our primary research objective was to investigate whether the use of the NyKK-5 in
kindergarten classrooms adds value to children’s numeracy growth beyond PD content on
children’s numeracy development alone. We assigned teachers to one of three PD conditions: (a)
NyKK-5: PD on children’s thinking about core numeracy skills and on the contents and use of
the NyKK-5; (b) theory: PD on the development of children’s thinking about core numeracy
skills, but without the NyKK-5; (¢) comparison: a non-numeracy PD. We assessed children’s
numeracy growth over the school year to determine whether differences emerged between
conditions. Because the NyKK-5 was designed to support teachers’ in-the-moment decisions
about their instructional practice, we predicted that the growth in students’ learning would be
greater in the NyKK-5 condition relative to the other two conditions. We also predicted that the
students in the theory classrooms, because of the focus on children’s thinking, would experience
greater numeracy growth than the students in the comparison condition.

The second objective was to explain any condition effects using data on teachers’ classroom
practices. Teachers completed daily teacher logs and researchers conducted classroom
observations on the teachers’ enactment of PD-related material. These data were collected to
lend insight into how teachers responded to the NyKK-5 and the conditions under which its
effects could be maximized.

Method
Participants
Participating teachers and their students were recruited from six public schools in a large
urban school board in Canada. The eight participating kindergarten teachers all identified as
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women and had between 2 to 29 years of teaching experience.

The student sample consisted of 104 kindergarteners. Because of absence (1 student), lack of
assent (2 students), and missing data on the numeracy assessment (5 students), there were 96
students in the final sample. The participants had a mean age of 66.8 months (SD = 4.00) at
pretest and 72.9 months (SD = 3.93) at posttest (41.1% girls; 58.9% boys; 0% other gender).
Parents of participating students reported their household income in Canadian dollars on a
demographic survey. We used these data as a proxy measure for family socioeconomic status.
Almost a quarter (24%) of the participants did not respond or provided unusable responses to the
question. Of those who did respond, 2.7% had an income less than $20,000, 9.6% had an income
between $20,000 and $40,000, 11.0% had an income between $40,000 and $60,000, 5.5% had an
income between $60,000 and $80,000, 6.8% had an income between $80,000 and $100,000, and
64.4% had an income over $100,000.

Design and Procedure

We used a quasi-experimental pretest-intervention-posttest research design where the
teachers were assigned to one of three professional development conditions: (a) the NyKK-5
condition (4 teachers; n = 40 students) received professional development on children’s
numeracy and were given the NyKK-5 to use in their classrooms; (b) the theory condition (2
teachers; n = 27 students) received the same professional development on children’s numeracy,
but were not given the NyKK-5; and (c) the comparison condition (2 teachers; n = 29 students)
received professional development on children’s general cognitive development and
accompanying activities, but with no focus on numeracy. Because of logistical constraints, we
were unable to fully randomize the assignment of teachers to conditions.

We assessed the kindergarteners’ numeracy skills at the beginning (October—November
2021) and end (April-May 2022) of the school year. The teachers began applying the resources
they received in the PD in January 2022. Teachers completed daily teacher logs on their
engagement in PD-related classroom activities for 17 weeks between January and April. Two
research assistants also visited each teacher’s classroom three times between January and April
for classroom observations.

NyKK-5

The NyKK-5 is a collection of activities and manipulatives in a plastic case (dimensions: 15”
x 127x 57) that teachers can easily carry around in the classroom. In the case are colored plastic
boxes, each corresponding to one of six specific numeracy skills: subitizing, counting, number
knowledge, non-verbal calculation, story problems, and part-whole combinations (Jordan et al.,
2007). The boxes in the NyKK-5 contain a variety of activity cards for each target skill,
including sample questions to assess it and suggestions for follow-up prompts. Matching boxes
contain manipulatives corresponding to several of the activity cards. The activities can be used in
a variety of settings, including in one-on-one conversations with children, in the context of small
group work (e.g., math centers), or with the whole class. Furthermore, the kit was designed to
support responsive teaching (Jacobs & Empson, 2016) — that is, teachers can use it for formative
assessment and to select follow-up instructional activities in response to students’ mathematical
thinking. Sample scenarios were provided during the professional development to illustrate the
types of activities that could be selected as a function of student thinking.

Professional Development

The third and fourth authors facilitated all PD sessions in the study.

NyKK-5. Teachers in the NyKK-5 condition participated in three full-day PD sessions for a
total of 18 hours. The content focused on the development of children’s thinking in the six
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numeracy domains reflected in the NyKK-5. The teachers examined the contents of each box in
the kit, explored how the contents addressed the six target numeracy skills, and reflected on how
to use each component of the kit in their classrooms.

Theory. Teachers in the theory condition participated in two full-day PD sessions for a total
of 12 hours. They received identical PD to the NyKK-5 condition but were not provided the
NyKK-5 or any materials for classroom use.

Comparison. Comparison teachers participated in one 6 hr session on children’s general
cognitive development in the domains of creativity, collaboration, communication, and critical
thinking. No information on children’s numeracy was provided. Teachers were given a box of
assorted LEGO® bricks and selected activities from the LEGO® Education program to support
the cognitive development of young children in their classrooms (Hugo, 2016).

Measures

Student Numeracy Skills. We assessed children’s early numeracy skills using a modified
version of the Preschool Early Numeracy Screener-Brief Version (PENS-B; Purpura et al.,
2015). The PENS-B is a measure of students’ global numeracy that includes items related to the
various skills shown in previous research to be critical for students’ early mathematical
development (e.g., Jordan et al., 2007). The skills assessed verbal counting, one-to-one counting,
cardinality, counting a subset, subitizing, numeral comparison, set comparison, number order,
numeral identification, set-to-numeral, story problems, number combinations, relative size, and
ordinality. The PENS-B comprises 25 items, with a maximum possible score of 29. The verbal
counting item is scored from 0 to 5 based on the highest number to which the participant can
count, and the remaining items are scored as 0 or 1 (incorrect or correct, respectively).

Teacher Logs. On each day over 17 weeks, teachers reported whether they engaged in PD-
related activities and if so, they selected from a list which specific PD skills they targeted.
Teachers in the NyKK-5 and theory conditions chose from the following numeracy skills:
subitizing, counting, number knowledge, non-verbal calculation, story problems, and part-whole
combinations. Teachers in the comparison condition chose all that applied from creativity,
communication, critical thinking, and collaboration.

Classroom Observations. Two trained research assistants observed each teacher in the
classroom engage in PD-related activities three times between January and April. Each
observation lasted 30 min comprising four blocks of 7 min each. Each block began with a 3-min
time sampling observation of the teachers’ pedagogical moves. The time sampling consisted of
5-s intervals (36 in total over the 3 min) with observations conducted in every odd-numbered
interval. Using a prepared checklist, the observers selected from the following mathematics
teaching moves: used declarative statements about mathematics, modeled mathematical activity
to their students, asked their students questions about the topic, and listened and observed their
students engage in a mathematical task. Non-mathematics behaviors were classified as “other.”

The observers spent the next 3 minutes taking field notes to describe the activity observed
during the preceding 3-min observation period. The observers then took a 1-min break before
starting the next observation block. At the end of the four observation blocks, each observer took
additional field notes to document any methodological challenges. The data used in the
subsequent analyses comprise the observations of the teachers’ interactions with their students
during 216 coding intervals (3 observation sessions x 4 blocks x 18 time-sampling intervals).
The observers had an interrater reliability of 89.5% across all 12 time-sampling blocks.
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Results

In this section, we report on the effects of PD condition on students’ numeracy growth over
the course of the kindergarten year. This is followed by an examination of the teachers’
classroom practices, as measured by the teacher logs and classroom observations, to augment our
account of students’ numeracy development in relation to the PD delivered and teacher
individual differences.

We first conducted a preliminary analysis to determine whether children’s household income
should be included in subsequent models testing the factors related to students’ numeracy
growth. A chi-square test of homogeneity revealed that there were no differences in the
proportion of students from higher-income households (> $100,000) and lower-income
households (< $100,000) between conditions, ¥*(2, N =73) =2.13, p = 0.34.

Students’ Numeracy Growth

Our first objective was to investigate whether the NyKK-5 added value to children’s
numeracy gains beyond the theory on children’s numeracy development alone. Means and
standard deviations on the PENS-B by time and condition are presented in Panel A of Figure 1.
A one-way analysis of variance (ANOVA) on the PENS-B gain scores revealed a statistically-
significant effect of condition, F(2,93) = 6.41, p = .002, n?> = .24. Follow-up Least Significant
Difference (LSD; Levin et al., 1994) pairwise comparisons indicated that both the NyKK-5, #93)
=3.27, p =.002, and the theory conditions, #93) = 2.96, p = .004, improved more over time than
the comparison condition, but no difference was found in students’ numeracy gains between the
NyKK-5 and theory conditions, #(93) = 0.02, p = .98. These results suggest that the NyKK-5 had
no observable added value to children’s numeracy gains beyond the PD that covered children’s
numeracy alone.
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Figure 1: Mean PENS-B Growth by Condition and Mathematics Engagement

Teachers’ Classroom Practice

Teacher Logs. From the teacher log data, we computed the proportion of days each teacher
reported engaging in PD-related activities (i.e., total number of days out of 78 days total). On
average, teachers in the NyKK-5 condition engaged in 48.5 days of PD-related activity (62.2%),
teachers in the theory condition engaged in 50.5 days (64.7%), and teachers in the comparison
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condition 46.5 days (59.6%). The teachers’ self-reported engagement in PD-related activities
appeared largely similar across all three conditions.

Next, we examined the specific numeracy skills teachers in the NyKK-5 and theory
conditions targeted. For each teacher in both conditions, we computed the proportion of times
each numeracy skill was targeted out of the total number of numeracy skills targeted and then
computed average proportions by condition (see Figure 2). As can be observed, the proportion of
times the teachers in the NyKK-5 and theory conditions engaged in each type of numeracy skill
was comparable. Both groups spent most of their time targeting subitizing, counting, and number
knowledge. Similarly, both conditions rarely targeted non-verbal calculation and focused on
story problems and part-whole combinations even less so.
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Figure 2: Mean Proportion Teacher Engagement in Each Numeracy Skill by Condition

Classroom Observations. For each teacher, we calculated the proportion of time that each
teacher spent engaging in any type of mathematics teaching move out of the total number of
behaviors observed across all 12 time-sampling blocks (i.e., 4 blocks x 3 observation sessions).
We then regrouped the teachers into three mathematics engagement categories based on the
ranges of proportions of mathematics teaching moves out of the total number of moves (math-
related and non-math related): high (>50%), moderate (50-25%), and low (<25%) mathematics
engagement. Both participants in the comparison condition fell in the low mathematics
engagement group (0% and 5%), which was to be expected because the teachers were not
introduced to any mathematics-related PD. All participants in the NyKK-5 condition
demonstrated high mathematics engagement (62%, 70%, 71%, and 79%). Meanwhile, one
participant in the theory condition displayed high mathematics engagement (75%) and the other
displayed moderate mathematics engagement (36%).
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A one-way ANOVA to test students’ numeracy growth revealed a significant effect of
mathematics engagement, F(2,93) = 6.41, p = .002, 1> = .24 (see Figure 1, Panel B). Follow-up
LSD pairwise comparisons showed that students of teachers with high mathematics engagement
and the teacher with moderate mathematics engagement had greater numeracy gains than
students of low mathematics engagement teachers, #93) = 3.42, p <.001 and #(93) =2.52, p =
.01, respectively. No differences were observed between the high and moderate engagement
groups, #(93) = 0.10, p = .92. These results indicate that regardless of whether they used the
NyKK-5 or not, teachers’ level of mathematics engagement in the classroom is related to
students’ numeracy gains.

Next, we attempted to explain the observed variability in teachers’ level of mathematics
engagement. Figure 3 presents the observed levels of mathematics engagement for each teacher
by number of years of teaching experience and condition. Two important patterns emerge from
examining all three variables together. First, across the sample, the level of mathematics
engagement was related to the number of years of teaching experience, except in the comparison
condition. Second, an examination of the data within condition revealed that all the teachers in
the NyKK-5 condition were observed spending over 60% of their classroom interactions with
their students on mathematics, despite varying years of teaching experience (i.e., ranging from 3
to 29 years). In contrast, however, a greater variability in mathematics engagement was observed
in the theory condition. Specifically, Holly, with two years of experience, displayed a moderate
level of engagement, whereas Amanda, with 16 years of experience, displayed a higher level of
engagement. Although the sample is too small to draw any definitive conclusions, taken together,
these findings may suggest that a tool such as the NyKK-5, designed to simulate in-class PD
supports for teachers, could compensate for a lack of teaching experience.
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Note. Teacher names are pseudonyms. Ella was in the comparison condition; the proportion
of her teaching moves was 0%.

Figure 3: Proportion of Mathematics Engagement by Years of Total Teaching Experience

Discussion

The primary objective of the present study was to assess the impact of a pedagogical tool for
teachers, the NyKK-5, on kindergarteners’ numeracy development over the course of the school
year. We provided professional development to kindergarten teachers on early numeracy with a
focus on the development of children’s thinking. One group of teachers was provided the NyKK-
5 and another was not. The NyKK-5 was designed to simulate the types of in-class supports for
teachers that have been identified as critical elements of effective mathematics PD. In particular,
the design of the kit and its accompanying PD aimed to support teachers’ reflections on their
students’ learning during the act of teaching (see Gibbons et al., 2017), thereby helping them to
connect their newly-acquired knowledge of children’s numeracy to their pedagogical actions in
real time. In contrast, the teachers without the kit were left to their own devices to make such
connections. The teacher logs and observational data generated a description of what was
happening in the teachers’ classrooms, which was then used to uncover potential explanations for
any condition effects.

Contrary to our expectations, we found that the students in the classrooms of the teachers
who used the NyKK-5 improved to the same extent as those whose teachers who were not
provided the kit. This finding suggests that teachers’ knowledge of children’s numeracy,
regardless of whether they were provided additional instructional tools for use in the classroom,
is related to students’ numeracy gains over the course of the kindergarten year. This finding is
not new; teachers with knowledge about children’s thinking are able to interpret what they know,
prepare for common student misconceptions, and make instructional decisions to further support
mathematical knowledge, reasoning, and problem solving (Ball et al., 2008; Even & Tirosh,
1995; Jacobs & Empson, 2016).

Regarding the secondary research objective, the teacher data added considerable nuance to
this finding. First, despite the same degree of attention to all six numeracy skills in the NyKK-5
and theory classrooms, we found that the level of mathematics engagement varied and was more
predictive of students’ growth than use of the NyKK-5 by itself. Further, an analysis of the
within-condition patterns of mathematics engagement and previous teaching experience
suggested that the NyKK-5 may be particularly helpful for certain teachers, such as those with
less teaching experience. This finding contributes to research in mathematics teacher education
by raising the possibility that pedagogical tools over and above knowledge about how children’s
numeracy develops — and in particular, tools that are situated in practice and encourage teachers’
reflection on their pedagogical actions (Grossman & McDonald, 2008) — may be useful under
certain conditions but perhaps not all. More specifically, although the small sample precludes
definitive conclusions, even teachers with relatively little teaching experience were able to
leverage the NyKK-5 to maximize their mathematics engagement in the classroom. Without the
tool, the teacher with only two years of experience had little to help her connect her newly-
learned knowledge about children’s thinking to her classroom practice, something for which the
more-experienced teacher was able to compensate (Schoen et al., 2019).

Despite the correlational nature of the analyses and the small sample, the present study has
implications for continued research in teacher education. An important implication is that a
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pedagogical tool for use in the classroom that serves as a proxy for in situ supports for teachers,
such as the NyKK-5, may be an effective way to support teachers who experience barriers in
engaging students in mathematics, such as a lack of experience. A replication with a larger
sample of teachers and a randomized design is thus an important consideration for further
investigation. Other teacher individual differences that may account for the variance in students’
numeracy growth, such as their knowledge of mathematics itself (Oppermann et al., 2016) and
level of confidence in their ability to teach numeracy in the early years (Hadley & Dorward,
2011; Ramirez et al., 2018), should also be examined in future studies.
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