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Abstract 

This article reports findings from a one-year evaluation of a kindergarten math 

enrichment program. A randomized design was used to assess the impact of High 5s on 

children’s math skills, attitudes towards math, language ability, and executive function for a 

sample of kindergarten students in New York City. High 5s math clubs were designed to provide 

small group math enrichment delivered in a game-like format. Participants included 655 

kindergarten students in 24 schools. Students assigned to the High 5s group met outside of class 

in small groups with a trained facilitator three times per week. The High 5s program produced a 

positive impact on one of two measures of math skills. We find no impact of the program on 

other outcomes. 
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Evaluating the Impact of Small Group Supplemental Math Enrichment in Kindergarten 

 Over the last few decades there has been a heavy emphasis on increasing literacy skills 

among low-income children, with federal and state initiatives designed to ensure that all children 

can read by grade 3. State and federal dollars have been spent to improve reading curricula, hire 

reading coaches, and to provide tutoring and small group support for struggling readers. 

However, much less emphasis has been placed on improving the early math skills of students in 

low-income schools. This is true despite the fact that research has shown that math skills are 

highly correlated not only with later math achievement but also with later reading achievement 

and other outcomes such as high school completion and college attendance (Jordan, Kaplan, 

Ramineni, & Locuniak, 2009; Duncan et al., 2007; Duncan & Magnuson, 2009). Focusing on 

early math skills, then, has the potential to improve child outcomes and reduce educational 

disparities. However, there is currently only limited information available regarding the 

effectiveness of early math instructional interventions on improving children’s outcomes, 

especially in the early elementary school years. In particular, while there is substantial evidence 

of the effectiveness of small group instruction for reading, there is almost no information about 

the effectiveness of small group instruction in math.   

This paper reports findings from a one-year randomized control trial investigating the 

effectiveness of a small group “math club” enrichment program for kindergarten students, called 

High 5s. Children from 24 New York City public schools participated in the program. All 

students who participated in the study had also been exposed to the Building Blocks mathematics 

curriculum in preschool. In this paper, we compare the outcomes of children who did and did not 

receive the High 5s program in kindergarten and address the question of whether or not 
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participating in the High 5s program improved math and other achievement outcomes for the 

children who participated.    

Background and Literature Review 

As noted above, early math skills have been found to be highly predictive of later school 

success across a variety of outcomes. Not only do strong math skills predict later achievement in 

math but they are also predictive of later reading achievement and executive function skills 

(Claessens & Engel, 2013; Claessens, Duncan, & Engel, 2009; Duncan et al., 2007, Duncan & 

Magnuson, 2009). It has been hypothesized that this may be because to solve math problems 

students must manipulate numbers and shapes and they may also be expanding their vocabulary 

as they seek to explain their answers and justify their mathematical thinking (Ginsburg, Lee, & 

Boyd, 2008; Clements, Sarama, & Germeroth, 2016).  

Unfortunately, kindergarten math instruction, in its current instantiation, may not provide 

opportunities to engage in the types of higher-order mathematical thinking that would lead to 

broad impacts. In effective mathematics classrooms, students are actively engaged in doing 

mathematics, solving challenging problems, making interdisciplinary connections, sharing 

mathematical ideas, using multiple representations to communicate mathematical ideas and using 

manipulatives and other tools (Protheroe, 2007; National Council on Teachers of Mathematics, 

2000).  However, research has shown that kindergarten math instruction is often very basic with 

most students entering kindergarten already possessing the skills that they are taught (e.g., basic 

counting, basic shape recognition) and thus likely does not provide the types of challenging 

activities that might elicit broader skill development. Indeed, additional time spent on these basic 

skills is associated with lower math achievement at the end of kindergarten while time spent on 
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more advanced skills (e.g., addition and subtraction) is associated with higher math achievement 

(Engel, Claessens, & Finch, 2013; Engel, Claessens, Watts, & Farkas, 2016). ).   

In urban districts, with large class sizes and few extra adults available to help in the 

classroom, instruction is often limited to whole group instruction.  Small group math instruction 

has the potential to provide a richer, more engaging math experience for young children. 

Research suggests that small group instruction provides more opportunities for individualized 

instruction, hands-on activities, and peer interaction and discussion that are more difficult to 

achieve in a large group setting (Webb, 1991; Yackel, Cobb, & Wood, 1991). While small 

groups are beneficial for all students, they are particularly developmentally appropriate for this 

age group. Young children are in a critical language development period and small groups 

provide opportunities for language acquisition and comprehension (Wasik, 2008; Phillips & 

Twardosz, 2003). Furthermore, positive teacher-child relationships and one-on-one interaction 

with adults are one of the strongest influences on learning at this age (Bowman, Donovan, & 

Burns, 2001). 

 Studies of literacy interventions have consistently shown that small group instruction has 

positive impacts on reading achievement (e.g. Slavin, Lake, Davis, & Madden, 2010). That holds 

true for studies where the groups were led by teachers and also those in which the groups were 

led by para-professional staff or volunteers (Slavin et al, 2010; Vadasy, Sanders, & Peyton, 

2006; Vadasy & Sanders, 2008). Much less is known about benefits of small group math 

instruction. Several studies of one-on-one tutoring in math have demonstrated positive results. A 

meta-analysis by Ritter, Barnett, Denny, and Albin (2009) found among five studies of one-on-

one tutoring programs in math (with sample sizes that ranged from 22 children to 385), the 

average effect size was +0.27.  However, given the small number of studies, this average impact 
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was not statistically significant at the .05 level. Fryer (2014) explored the impact of small group 

(three-on-one or two-on-one) tutoring for 4th, 6th and 9th grade students.  For the fourth graders, 

program impacts came from both experimental and quasi-experimental analyses.  For the 6th and 

9th graders, estimates were limited to quasi-experimental analyses. Tutors were recent college 

graduates and were paid a nominal salary and provided with room and board. Student who 

received small group tutoring outperformed their non-tutored peers in all three grades although 

the differences were only statistically significant for the 6th and 9th grade samples. Finally, Smith, 

Cobb, Farran, Cordray, and Munter (2013) investigated the impact of the Math Recovery 

program for first grade students who are struggling in math. The program provided one-on-one 

tutoring for 30 minutes four or five times a week for 12 weeks. The authors found positive and 

statistically significant impacts of the program on all six math outcomes they measured.   

There have been few rigorous evaluations that have assessed the effectiveness of small 

group math instruction for young children. A handful of studies have compared different 

approaches to small group tutoring, but none have compared small group tutoring to a control 

group that was not receiving an alternative treatment, and almost all the studies that have 

explored the impact of small group work in math have targeted students who were at-risk for 

math difficulties. This study explores the impact of supplemental small group math instruction 

on kindergarten students more generally.   

The High 5s Program 

The High 5s program, a small group “math club” approach to supplemental math 

instruction, was developed at the University of Michigan with input from both MDRC and the 

developers of Building Blocks and is based on their research on mathematical learning 

trajectories (Clements & Sarama, 2014). The program was intended to provide a small-group 



Running Head: SMALL GROUP MATH 7 

math enrichment experience that was aligned with both the content and the approach of the 

Building Blocks curriculum to which the kindergarten students in the study had been exposed in 

pre-K.  The Building Blocks program focuses on moving children along mathematical learning 

trajectories—the developmental progressions through which children learn mathematics. Each 

trajectory includes a mathematical goal, a developmental path along which children progress on 

the way to achieving that goal, and a set of instructional activities that can help children develop 

higher levels of thinking as they progress toward that goal. Building Blocks also encourages such 

instructional practices such as hands-on learning, student reflection about mathematical thinking, 

formative assessment to measure student progress and allow teachers to modify their approaches, 

instruction differentiated by children’s ability levels, and a mix of small- and whole-group 

activities (Clements & Sarama, 2013). High 5s was designed to include these key elements as 

well. 

The High 5s program was implemented by Bank Street College of Education, which 

hired, trained, and supervised the facilitators that ran the clubs. Clubs met three times a week for 

approximately 30 minutes and the curriculum included material for up to 28 weeks of 

instruction. In this study, clubs were held during non-instructional time (before school, after 

school, or during lunch) and ran from October 2015 through the first week of June 2016. 

Activities in the clubs are delivered in a game-like format and were intended to be fun, engaging, 

and developmentally appropriate. Most clubs included 4 children working with a facilitator. 

Facilitators were paid a salary comparable to that of a para-professional. A total of 79 clubs 

operated across the 24 schools participating in the study, with each school hosting approximately 

three clubs.  Facilitators led three to four clubs each. Students were assigned to clubs based on 

logistical considerations (e.g. it was easier to schedule students for afterschool clubs if they were 
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attending after-care at the school) and parents’ scheduling preferences. Facilitators were assigned 

to clubs in an effort to minimize travel times between schools.    

Each club session includes two start-up activities and a main activity. The start-ups are 

short (3-5 minute) activities meant to help students adjust to the club setting and reinforce key 

skills, such as counting. Start-ups are typically repeated each session for one week, and together 

the two start-ups are intended to last between 7 and 10 minutes. The main activities, designed to 

last 15 to 20 minutes, are the key component of clubs. The main activities are designed to deepen 

children’s understanding of key concepts and to move them along the developmental trajectories. 

Each main activity is intended to be repeated up to three times over the course of the year, but 

not in consecutive sessions.  

Each activity (both start-up and main activities) identifies a mathematical objective, 

indicates the mathematical development levels being targeted, and includes a semi-scripted 

activity plan. The activity plan gives facilitators enough support to implement the activities with 

fidelity but also the flexibility to include adaptations as necessary. Suggestions are also given for 

how to “scaffold” students at different levels of development (that is, how to provide assistance 

based on a student’s current level of ability and extra support or additional challenges to help the 

child move to the next level) and draw out student thinking about the mathematics.  

Every fourth club session is a Game Day. During Game Day, students are given the 

opportunity to choose from three or four activities set out by the facilitator. Facilitators can 

choose from new activities designed just for Game Day or from main activities that students 

have played previously in a regular club session. Game Days provide students with an 

opportunity to make choices, add variety, and allow students to interact with materials 

independently. They also provide facilitators with an opportunity to reinforce concepts on which 
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students needed more practice and to work with students who needed individualized instruction. 

(See Jacob, Erickson & Mattera, 2018 for more detailed information about the High 5s program; 

a sample activity is included in the Appendix).   

Club Facilitators 

 Twenty-four facilitators (most with bachelor’s degrees but with limited formal teaching 

experience) ran the High 5s math clubs. Two facilitators took a maternity leave during the year 

and one left the project for personal reasons. To cover the clubs originally run by these 

facilitators, one full-time and two substitute facilitators were hired, so the number of facilitators 

at different time points varies. To be eligible for the position, facilitators had to have some prior 

experience working with children and at least an associate’s degree. The facilitators were 

supported by five supervisors and a program director at Bank Street College. Bank Street also 

provided administrative, information technology, and human resources support for the program. 

As shown in Table 1, the group of facilitators hired for the project was diverse. 

Facilitators ranged in age from 22 to 39 and came from a variety of racial and ethnic 

backgrounds. A majority were recent college graduates who had an interest in education and/or 

who had taken courses in education or related areas. They were mostly female (75 percent), and 

29 percent identified as Hispanic or Latino, 38 percent as white, 29 percent as black, and 4 

percent as another race. One-quarter were fluent in Spanish and 83 percent had a bachelor’s 

degree. Just over a quarter of the facilitators had their highest degree in the field of education, 

but none had a New York State teaching certificate. They averaged less than two years of formal 

teaching experience, defined as an “assistant or lead teacher, including student teaching”; about 

one-third (29 percent) had no formal teaching experience. Most had some experience working 

with children, defined as experience in “a non-academic or non-classroom setting (e.g., tutoring, 
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summer camp, after school program).” Facilitators were paid a salary commensurate with that of 

a paraprofessional teacher in the New York City public schools (around $25 per hour, depending 

on experience). 

Facilitator Training 

The High 5s model involved a substantial amount of training and supervision designed to 

support facilitators over the course of the year. Facilitators received 16 days of training before 

clubs began (about 6 of which were spent on research-related activities, such as learning to log 

information about the clubs for research purposes, or administrative tasks, like technology setup 

and fingerprinting).  The rest of the training — conducted by staff members from Bank Street, 

MDRC, and researchers from the University of Michigan and the University of Denver— 

incorporated a variety of topics, including how to teach mathematics in an age-appropriate 

manner and how to facilitate small groups, as well as practice implementing the curricular 

activities. Facilitators were also trained on how children learn mathematics and how they 

develop mathematical skills. Finally, facilitators were given an opportunity to observe in a pre-K 

or kindergarten classroom.  

All facilitators completed a certification process at the end of training. Facilitators were 

asked to conduct a short version of a club (one start-up and the main activity) from beginning to 

end. To be certified, facilitators had to meet the time requirements and receive a 3 or above (on a 

5-point scale) on all the specified instructional quality and fidelity items. 

 The facilitators also received an additional eight days of training throughout the school 

year. These training sessions were held on days when the public schools were closed for in-

service or school breaks. Topics of training sessions held during the year were chosen in 

response to the needs of the facilitators as expressed to supervisors or that came to light after 



Running Head: SMALL GROUP MATH 11 

reviewing daily logs, and included, for example, activities designed to help facilitators manage 

small groups, differentiate instruction, and facilitate mathematical reflection.   

Finally, supervisors met with their cohort of four to five facilitators weekly. Cohort 

meetings included support with logistics, curriculum review, reflection about students, and 

professional development. Supervisors also met individually with facilitators regularly and 

provided coaching in the field as needed.  Supervisors reviewed data from the daily facilitator 

logs to monitor timely completion, ensure that activities were conducted as scheduled, and to 

identify any curricular challenges, behavioral or attendance issues, or logistical problems.  

Theory of Change 

  As depicted in Figure 1, there were a number of components of the High 5s program that 

may have had an impact on student achievement.  First, since the clubs provided supplemental 

instruction for students that took place outside of regular instructional time, students might 

simply benefit from additional time spent on math activities. Prior research on the impact of 

additional instructional time on student learning has been somewhat inconclusive (Hanushek, 

2015). Although many studies have demonstrated a link between increased instructional time or 

time on task and achievement (e.g. Lavy, 2015; Rivkin & Shiman, 2015; Marcotte & Hemelt, 

2008), not all programs that add additional instructional time lead to increases in achievement 

(e.g. Gamse, Bloom, Kemple & Jacob, 2008).  Further, research shows that the effects of 

additional time vary based on a variety of factors including the quality of the instruction and the 

classroom environment (Stallings, 1980; Lavy, 2015; Rivkin & Shiman, 2015; Cattaneo, 

Ogenfuss, & Walter, 2016).  

 Second, because the clubs involved instruction in small groups, we hypothesized that 

students might receive more individualized and differentiated instruction.  Small groups make it 
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easier for instructional leaders to know what each student understands and makes it harder for 

students to “hide” or become disengaged (e.g. Webb, 1991; Yackel et al., 1991; Wasik, 2008).  

At the same time, Wasik (2008) notes that small groups can encourage more positive interactions 

between children and their teachers. Research supports the notion that the more quality contact 

the young child has with a competent adult, the greater the positive impact it can have on 

learning and development (Darling-Hammond & Bransford, 2006; Pianta, 2006).  The small 

group nature of the High 5s clubs was designed to promote more quality time with an adult and 

the curriculum was designed to encourage differentiation, with specific suggestions for altering 

activities for students at different skill levels.  

 Third, because the High 5s clubs were designed to pick up where the Building Blocks 

curriculum left off, the curricular materials assumed a somewhat higher level of mathematical 

knowledge than what the typical kindergarten student might enter kindergarten with. Thus, we 

hypothesized that students in High 5s might be exposed to more advanced mathematical content 

than they would be in their classrooms.  Research shows that exposing kindergarteners to more 

advanced mathematical material can lead to improvements in academic achievement (Engel et 

al., 2016).   

 Fourth, High 5s clubs all involved hands-on activities in which students are actively 

engaged with mathematical materials, and we hypothesized that this type of hands-on learning 

might lead to improved outcomes. Theory on child development underscores the importance of 

play based approaches to learning for young children (Bodrova & Leong, 1996; Bredekamp, 

1987; Bredekamp & Rosegrant, 1992) and research documents the benefits of using 

manipulatives in mathematics instruction (Carbonneau, Marley, & Selig, 2013).   Similarly, we 

hypothesized that the playful nature of the activities would lead to increased engagement and a 
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more positive attitude towards mathematics.  The relationship between children’s attitudes 

toward math and math ability is reciprocal, so positive feelings towards math can help develop 

math ability (Fisher et al., 2012).  

 Finally, we hoped that the training and small group format would help encourage 

facilitators to engage in mathematical reflection with students, by underscoring the mathematical 

objective of each activity, asking open-ended questions (i.e. questions with more than one right 

answer) and summarizing what was learned. Best practices in mathematics instruction argue for 

the importance of helping students see mathematical connections, and talk about mathematics 

and their mathematical reasoning, as a way to develop deeper understanding and to help students 

see the utility of mathematics (National Council of Teachers of Mathematics, 2000).   

Methods 

The study was designed to address the following research questions:   

Research Question 1:  Can a small group math program be delivered with quality and 

fidelity by paraprofessional-level staff?  

Research Question 2:  How does the instruction in the High 5s program compare to the 

math instruction being delivered in kindergarten classrooms? 

Research Question 3:  Among students who were exposed to Building Blocks in 

preschool, what is the impact of the High 5s kindergarten program on math skills, 

attitudes toward math, executive function and verbal skills at the end of kindergarten?  

Sample 

The High 5s kindergarten study took place in the 24 public schools that had implemented 

the Building Blocks program in pre-K as part of the Making Pre-K Count study (see Mattera, 

Jacob & Morris, 2018 for details).  All 24 schools primarily served students from low-income 
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families. Recruitment of schools was done by contacting principals/assistant principals of the 

public schools participated in MPC who then signed an MOU agreeing to participate in the High 

5s kindergarten study and receive the High 5s program for a subset of their kindergarten 

students. All eligible schools (n = 24) chose to participate. Schools received the High 5s program 

free of charge.  

Kindergarten students were eligible to participate in the High 5s program if they were 

enrolled in one of the 24 participating schools and had attended pre-K in that same school the 

previous year. In the spring of pre-K, 97% of eligible families gave consent for their children to 

participate in the High 5s study. In the fall of the kindergarten year, individual children were 

randomly assigned within schools to either receive the High 5s program in addition to their 

regular kindergarten math instruction (n=320) or to a “kindergarten-as-usual” control group 

(n=335). Some students who were assigned to the High 5s program group did not participate in 

the program or discontinued their participation before the end of the year. Of the 303 who 

assigned to High 5s and were located for assessment at the end of the year, 284 were still 

participating in the program at the end of the year. All students who were assessed at the end of 

kindergarten, regardless of their participation, were included in analyses.1,2  

                                                           
1 The analytic sample includes 18 students whose parents did not give consent to participate in High 5s, but who 

were randomized in a second phase to maintain the internal validity of the comparison with a control group of 

children who did not receive Making Pre-K Count in pre-K. Students in the second randomization phase did not 

receive the High 5s program even if they were assigned to the treatment group.  The analytic sample also only 

includes those students who remained in the same school between preK and K. Results without these 18 students 

and including students who did not remain in the same school between preK and K are the same as those presented 

here. See Mattera et al. (2018) for details.   
2 While all students, regardless of participation, were included in analyses of child outcomes, the 19 students who 

discontinued participation in the program were dropped from attendance totals once they were no longer 

participating (e.g. after they had left the school).   
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As shown in Table 2, there were no statistically significant differences in measured 

baseline demographic characteristics or baseline skills between children who received High 5s in 

addition to their kindergarten instruction and the kindergarten as usual group. 

Kindergarten classrooms contained students from both program and control groups as 

well as other students who were not part of the Building Blocks or High 5s studies. The average 

classroom had 20 students and approximately 3 students had received both Building Blocks in 

pre-K and High 5s in kindergarten and around 3 had received Building Blocks in pre-K but did 

not receive High 5s in kindergarten. The remaining students in these classrooms were not part of 

the Building Blocks or High 5s studies. To reduce the likelihood of contamination, High 5s clubs 

were held in pre-K classrooms or other multi-use spaces (e.g., a resource room), and not in 

kindergarten classrooms. In an effort to keep teachers informed, kindergarten teachers were 

provided with a few example activities, but otherwise teachers did not have access to the High 5s 

curriculum. Most of the interactions that High 5s facilitators had with teachers were brief, and 

mostly focused on dropping off or picking up students from the classroom. While it is possible 

that there was some contamination at the student level, any such contamination would bias our 

impacts towards zero.     

Attrition Analysis 

We were able to obtain student achievement data from 622 of the 655 students who were 

randomly assigned as part of the study (Figure 2). This yields an overall attrition rate of 5%. 

Attrition rates were similar for the treatment and control groups with a differential attrition rate 

of 2%. These rates are unlikely to lead to bias in our results (What Works Clearinghouse, 2017). 

Moving out of the New York City area and parent or child refusal were the two primary reasons 

for students not being assessed.  



Running Head: SMALL GROUP MATH 16 

Measures of Implementation  

The strength of implementation was assessed using (1) daily logs completed by 

facilitators and (2) via club observations conducted by study staff.  The primary method for 

measuring the structural aspects of implementation fidelity were the daily logs.  Facilitators 

completed logs each day, for each of their clubs, in an online management information system 

(MIS). This resulted in a total of more than 7,000 logs collected over the course of the year.  

Research has demonstrated that logs are a reliable, valid and cost effective way to measure a 

number of aspects of instructional practice (Rowan, Camburn, & Correnti, 2004)  

The daily logs included information on a) child attendance, b) the activities that were 

conducted that day, c) the length of time spent on each activity, d) the level of child engagement 

with each of the activities, e) the degree to which child behavior was an issue in the clubs, f) the 

degree to which facilitators experienced any logistical or other problems with the clubs. (A 

sample log is included in the Appendix). As noted above, supervisors had access to the logs and 

used the information provided to identify facilitators and/or specific clubs that were in need of 

additional support—typically those in which the facilitator reported consistently low levels of 

student engagement or ongoing instances of student behavior problems. Supervisors also used 

the log data to identify children with low levels of attendance and followed up with individual 

families to try to eliminate barriers to attendance.   

In addition to the daily logs, direct observation of clubs were conducted in both the fall of 

2015 and the spring of 2016. Observations were conducted with the goal of verifying the log data 

and gathering additional information about instructional quality.  Fall observations took place in 

November. Spring observations were conducted in late February and March. Each facilitator 

(N=24) was observed at least once in each time period and at least one observation was 
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conducted in every High 5s school (N=24). In order to observe in all schools and to observe each 

of the facilitators, it was necessary to conduct more than 24 observations at each time point. One 

facilitator was observed twice in the fall and spring and in the spring both substitute facilitators 

were observed. When possible, each facilitator was observed in the same club in both the fall and 

spring.    

Club observations were conducted using a researcher-developed instrument (See the 

Appendix for a copy of the observation protocol). The instrument was designed to align, as much 

as possible, with the observational measure used in the kindergarten classroom observations, 

described below. Observers were members of the research team and outside consultants who had 

received training and been certified on the instrument. The instrument included items related to 

adherence to the curriculum, barriers to implementation, instructional quality, classroom 

management, and student engagement. Most items were rated on a 5-point scale (1=rarely or 

never to 5=always or almost always). In a few cases, items were dichotomous (yes or no), or 

observers hand-entered information (e.g., start and end times).   

In this study we distinguish between what we will call structural fidelity (adherence to 

program design including conducting the activities as written on the correct days, spending 

sufficient time on math, etc.) and process fidelity (quality of instruction, instructional climate, 

etc.) (Century, Rudnick & Freeman, 2010; Mowbray, Holter, Teague, & Bybee, 2003; 

O’Donnell, 2008). Observations were intended to provide additional information on which to 

assess fidelity of implementation and in particular to assess the process aspects of fidelity.  Our 

observations were conducted twice, to mirror the protocol used in other recent studies of early 

childhood educational interventions (Morris, et. al., 2014; Clements & Sarama, 2008; Clements 

& Sarama., 2011).  In all these studies researchers were balancing the desire to collect in-depth, 
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high quality information on instructional quality (which requires substantial training and field 

time), and cost.  Combined with the daily logs, these two sources of information provide a rich 

set of data with which to assess fidelity.   

Measures of Program Contrast 

All students who were part of the High 5s study also received typical math instruction in 

their kindergarten classrooms. Because the High 5s program is supplemental and took place 

outside of regular instructional time, students in the High 5s program were spending more time 

on math each week than children in the kindergarten as usual control condition.  However, as 

shown in Figure 1, we also hypothesized that the program could impact math achievement via 

other pathways as well, including offering more opportunities for differentiated instruction, 

increased exposure to more advanced mathematical content, more hands-on learning experiences 

and additional opportunities for mathematical reflection.  To test these hypotheses, and to better 

understand the potential value-added of the High 5s program the research team observed the 

mathematics instruction that children were receiving in their classrooms.   

The team observed kindergarten classrooms in the 24 High 5s schools in the fall and 

spring of the kindergarten year. A total of 75 observations were conducted in 42 participating 

classrooms. When a teacher who was observed in the fall was not available in the spring, a 

replacement teacher was selected for observation. Thirty-three teachers were observed in both 

the fall and the spring. Three teachers were observed only in the fall, and six new teachers were 

observed in the spring.  As noted above, the decision to observe classrooms twice was made to 

mirror protocols used in other similar studies of early childhood settings (Morris, et. al., 2014; 

Clements & Sarama, 2008; Clements & Sarama, 2011) and to balance the quality and cost of the 

observation. Observing in both the fall and the spring is intended to capture changes in 
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instructional practice and content coverage that occur as the school year progresses and to allow 

for more than a single snapshot of classroom instructional climate.  

The observation protocol included a simplified version of the Narrative Record and an 

adapted version of the Classroom Observation of Early Mathematics — Environment and 

Teaching (COEMET) (Sarama & Clements, 2007). The Narrative Record (Farran & Bilbrey, 

2004) is an open-ended format for describing the types of activities, the content of instruction 

and the amount of time devoted to each activity. The COEMET describes math instruction 

during formal math activities, and items related to math practices, type of activity, student 

engagement, and instructional quality. As with the club observations, kindergarten classroom 

observers received training and were certified on the observation instruments before they were 

able to conduct observations in the field. Several of the items in the observation protocol were 

identical to items that were included in the High 5s club observation protocol, which helped 

facilitate comparisons. Approximately 20 percent of the observations were double coded to 

ensure reliability. Cohen’s kappa for the double-coded observations was 0.92.   

In addition, to help strengthen our inferences, the data collected during classroom 

observations were compared to the information provided in the GoMath! curriculum used in 

most of the kindergarten classrooms.  Teachers in the classrooms we observed adhered closely to 

the curriculum.    

Student Outcome Measures 

To measure student achievement, direct child assessments were administered in spring 

2016, at the end of kindergarten. Child assessments were conducted between March 22 and June 

29, 2016. Assessments were conducted by a survey firm who went to individual schools to 

conduct the assessments.  Assessors received training, were certified to conduct assessments, and 
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were blind to intervention status. Students within the same school were assessed during the same 

short window of time (usually a few days).  There were no statistically significant differences in 

the timing of assessments between the treatment and control groups. Student outcomes included 

math skills, math attitudes, language skills, and executive function skills. Math skills were 

assessed using two measures; the Research-Based Early Math Assessment – Kindergarten 

(REMA-K, Clements, Sarama, & Liu, 2008) and the Woodcock-Johnson Applied Problems 

subscale of the Woodcock-Johnson III Tests of Achievement (Woodcock, McGrew, & Mather, 

2001).  

The REMA-K is a direct assessment that measures thinking and learning along research-

based developmental progressions for math topics. To shorten the total duration of each 

assessment, this study used an adaptation of the Research-Based Early Math Assessment. The 

items selected for the adapted version represents the full range of early mathematics 

competencies applicable within the prekindergarten, kindergarten, and first-grade years.  

The Woodcock-Johnson Applied Problems is a subscale of the Woodcock-Johnson III 

Tests of Achievement. It is a valid standardized assessment of mathematical thinking for ages 2 

through 90; items are suitable for assessing simple math functions relevant at young ages (such 

as identifying the number when more objects are added to a picture). The Woodcock-Johnson 

Applied Problems test is a less detailed, more global measure of children’s math ability than the 

REMA-K. 

The research team also created an assessment to measure children’s attitudes toward 

math. The assessment, which asked children to indicate, by pointing to a series of five faces (sad 

to smiling) how happy or unhappy school and math made them feel, was based on a set of items 

that had been used previously to assess children’s attitudes toward math (White, 2015; Thomas 
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& Dowker, 2000; see the Appendix for a copy of the instrument). A rating of 1 indicated that 

they felt very unhappy and a rating of 5 indicated that they felt very happy about math.  This 

item was also used to assess the math attitudes of students who participated in the enhanced 

preschool program that was evaluated as part of the larger study in which the High 5s evaluation 

was embedded.  In that study, the enhanced preschool program was found to have a positive 

impact on students’ attitudes toward math, suggesting that the item(s) were sensitive enough to 

capture differences (Mattera et al., 2018).   

Language skills were assessed using the Receptive One-Word Picture Vocabulary Test 

(ROWPVT-4; Martin & Brownell, 2011). The Receptive One-Word Picture Vocabulary Test 

(ROWPVT-4) assesses children’s receptive vocabulary, or their ability to understand spoken 

language, by asking them to match a word the assessor says out loud to a picture of an object, an 

action, or a concept.  

Executive function was measured using the Hearts and Flowers (Wright & Diamond, 

2014) computerized task; and the Corsi Blocks task (Corsi, 1972; Lezak, 1983). Hearts and 

Flowers is a computerized task that measures inhibitory control. During this task, a child is asked 

to select the button on the same side of the screen if a heart appears on the screen and on the 

opposite side of the screen if a flower appears on the screen. 

The Corsi Blocks task assesses short-term working memory. During this task, a child is 

asked to repeat a sequence of blocks tapped by an assessor, tapping the blocks in reverse order. 

The child begins with a sequence of two blocks and more blocks are added to the sequence. 

Analysis 

Program impacts were estimated by comparing the mean outcomes for children assigned 

to High 5s as a supplement to their kindergarten math instruction and to children assigned to the 
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kindergarten as usual control group. The models control for selected background characteristics 

and include a dummy variable for each school site. Random assignment for High 5s took place in 

the fall of the kindergarten year, therefore, baseline covariates for children come from the spring 

of their pre-K year. In this study design, treatment group students are nested within clubs, and all 

students were nested within both classrooms and schools.  Either fixed effects or random effects 

can be used to address this clustering, although neither approach perfectly addresses the problem 

(Weiss, Lockwood & McCaffery, 2014). We have chosen to use a fixed effects approach because 

we were intending to perform finite sample inference that conditions on our sample and the post-

randomization groups (Weiss, Lockwood & McCaffery, 2014).  However, we have also 

conducted robustness checks in which we run a generalized model that includes cluster-adjusted 

standard errors, which is akin to random effects, and which accounts for any clustering of 

students that may occur within schools (see for example, Visher et al., 2012).  The standard 

errors and point estimates on these model vary slightly from what is reported here, but the 

resulting inferences remain identical. Alternative models are available from the authors upon 

request.  

 The following single-level model for child outcomes is used:  

 

 
where: 

𝑌𝑠   = the outcome for student s 

 

𝑋𝑖𝑠  = baseline characteristic i for student s 

 

𝑍𝑐𝑠 = an indicator variable for school c for student s  

 

𝑇𝑠   = the treatment indicator, which equals one if student s was randomized to treatment 

(High 5s) and zero if the student was randomized to control status 
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𝜀𝑠  = a random error for student s that is independently and identically distributed across 

students in classrooms  

 

A subset of background characteristics were selected as covariates based on their degree of 

correlation with the outcome of interest and theoretical importance. Missing covariates, but not 

outcome data, were imputed using multiple imputation based on other available covariates and 

baseline assessments. Models included the following covariates: 

 Whether the parent had a high school diploma/GED or a higher degree 

 The child’s age at the time of kindergarten spring assessment 

 A measure of the child’s level of English proficiency in the fall of pre-K (assessed by the 

pre-LAS) 

 Three measures of baseline executive function assessing attention, inhibition, cognitive 

flexibility, and working memory (as measured by the Spatial Conflict Arrows task, the 

Pencil Tap task, and Corsi Blocks Forward Span) 

 An evaluation by the examiner of the child’s attention and impulse control during 

assessment administration at baseline (PSRA: Attention-Inhibition) 

 A measure of baseline receptive language skills (ROWPVT) 

 Two measures of the child’s baseline math competency (ECLS-B scale score and 

Woodcock Johnson raw score) 

The study team did not explicitly adjust p-values to correct for multiple comparisons (Bloom, 

2004; Shadish, Cook & Campbell, 2003). Instead, we limited the number of outcomes in our 

main impact analysis and consider all subgroup analyses as exploratory.   
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Results 

In this section we describe the implementation of the High 5s program, the degree to 

which it differed from regular kindergarten mathematics instruction, and discuss the impacts of 

the program on math skills, attitudes towards math, language ability, and executive function.  

Program Implementation 

We begin by assessing how well the program was implemented. We used both structural 

(e.g., facilitators conduct activities as scheduled) and process (e.g., facilitators ask open ended 

questions to elicit student responses) measures to determine if the High 5s program was 

delivered as intended.  

As shown in Table 3 findings indicated that the structural aspects of implementation were 

strong. Student attendance was high. Average overall attendance was over 87 percent. Facilitator 

logs indicate that clubs were conducted as scheduled. Ninety-three percent of scheduled sessions 

were completed. Sessions were canceled primarily due to changes in school schedules, 

unavailability of space, or an insufficient number of students in attendance (clubs were only held 

if at least two students were in attendance). Facilitators also followed the intended pacing of the 

curriculum and activities were completed as scheduled (i.e. the correct activities were conducted 

on the appropriate day). According to club logs, facilitators conducted the specific activities that 

were scheduled for that day in 96 percent of clubs. Observations also indicated that activities 

were typically implemented as intended with few mathematical errors.  As shown in Table 4, on 

average, students were engaged in almost 25 minutes of math each session, exceeding the 

benchmark of 20 minutes of math per session that had been established at the beginning of the 

program.  
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Instructional quality, or process implementation, was more varied.  Table 5 shows the 

average ratings given by observers in both fall and spring observations.  Each measure was rated on a 

5-point scale (1-5), where 3 was considered satisfactory and 4 exceeded expectations. While overall 

ratings were typically above the satisfactory level, facilitators were rated more highly on items 

related to creating a positive instructional climate in the clubs, but had more difficulty consistently 

asking open-ended questions or engaging in mathematical reflection.  Despite additional training on 

these topics, there was little improvement observed between the fall and the spring.  The average 

ratings also mask some of the underlying variability among facilitators.  To capture this variability, 

we created a composite score for each facilitator, averaging across all measures of instructional 

quality given by observers in the fall and the spring. Among all the facilitators, 27% had composite 

scores of 4 or above, 54% had scores between 3 and 4, and 19% had scores below 3. 

Comparison to the Kindergarten Environment 

Classroom observations were designed to assess the degree to which the instruction 

received in High 5s differed from the instruction provided in classrooms.  We assessed how 

much additional time in math instruction students in the High 5s program received compared to 

students who only received instruction in class.  The study team also explored the types of 

mathematical materials and instructional groupings to which students were exposed in their 

kindergarten classrooms as well as the degree to which teachers and facilitators asked open-

ended questions, differentiated instruction and encouraged mathematical reflection.  Finally, the 

team compared the mathematical content that was covered in classrooms and in High 5s clubs. 

Table 6 summarizes the findings. Because the data collection instruments differed, not all items 

are directly comparable, and thus we did not conduct statistical tests of the differences.  
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However, they are included because they provide insight into potential differences in the nature 

of instruction.    

Time. Kindergarten teachers spent an average of 56 minutes on math each day, or about 

280 minutes of math each week. High 5s added an additional 75 minutes each week, which is an 

increase of 27 percent.     

Grouping and Materials. Most of the instructional time in classrooms was spent in 

whole group instruction or doing seatwork, in which students worked individually at their seats 

while the teacher rotated around the classroom. Students spent approximately 5 percent of their 

mathematics time working in small groups (primarily in pairs). During kindergarten math 

instruction, students spent about 35% of their time engaged in activities that used some sort of 

mathematical materials (other than workbooks or worksheets). By design, each High 5s session 

was conducted in a small group and all activities involved hands-on materials.   

Mathematical Reflection and Differentiation. There were also some differences in the 

degree of differentiation and mathematical reflection between classroom instruction and the 

instruction received in High 5s. On average, High 5s facilitators were rated somewhat higher 

than classroom teachers on scales measuring these aspects of instructional quality: asking open-

ended questions (+0.7 points), encouraging mathematical reflection (+0.5 points), and 

scaffolding to extend math skills (+0.4 points) (Table 6), although ratings were relatively low for 

both groups.3 Facilitators also differentiated their instruction in almost 58 percent of 

observations, versus 36 percent for teachers.  

Content.  Table 7 shows a comparison between the mathematics content covered in the 

High 5s clubs and in the kindergarten classrooms. Information on kindergarten content was 

                                                           
3 Comparisons were only possible in the spring. Items were not aligned well enough on the fall protocols.   
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measured during classroom observations at two time points (fall and spring) and verified by 

comparing observed content to the written curriculum (GoMath!) used in most kindergarten 

classrooms. Findings indicate that High 5s clubs spent less time on basic counting (i.e., counting 

forward by ones) and more time on more advanced counting skills (i.e., counting backward by 

1s, counting forward or backward by 10s, skip counting by a number other than 10, and counting 

forward by 10s and 1s) than kindergarten classrooms. For example, students in kindergarten 

classrooms spent over 20% of their time in both the fall and spring counting forward by 1s, while 

students spent no time counting forward by 1s in High 5s clubs. On the other hand, over 20 

percent of the time in High 5s clubs was spent engaged with complex counting compared to 

approximately 5 percent of the time spent on this type of counting in kindergarten classrooms.  

In kindergarten classrooms students spent slightly more time on addition and subtraction than 

High 5s clubs did, while High 5s clubs spent significantly more time on other math content (e.g., 

patterning, shapes, and measurement- 21 percent in High 5s vs. less than 10 percent in 

kindergarten classrooms).  Chapters on geometry and measurement come at the end of the 

district-supported Go Math! curriculum, and it is possible that teachers may have covered these 

topics later in the year. However, preliminary analyses of pacing in these classrooms suggests 

that most teachers would not have reached these chapters by the end of the year. 

Impacts of the Program on Student Achievement 

The addition of the High 5s kindergarten program over and above regular kindergarten 

math instruction produced a positive impact on children’s REMA-K scores (Table 8; effect size 

= 0.20). Children who received the High 5s kindergarten supplement had an average score of 

39.55 on the REMA-K, and children who received the kindergarten curriculum had a score of 

37.83 on the same assessment. This difference is equivalent to approximately two and a half 
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months of additional growth on the REMA-K. This effect is equivalent to closing almost one-

fifth of the achievement gap between low-income children and their higher-income peers.4  

As shown in Table 8, there was a positive but not statistically significant impact on the 

Woodcock-Johnson Applied Problems test (effect size = 0.09). The High 5s program did not 

have an effect on children’s math attitudes, language, and executive function outcomes. 

Subgroup analyses were conducted for six child level characteristics: 

 Baseline math skills  

 Baseline inibitory control  

 Baseline receptive language  

 gender 

 Spanish-speaking ability 

 There were very few statistically signficant differences between subgroups and no 

consistent pattern of findings (See Mattera et al., 2018 for details). For example, as shown in 

Table 9, High 5s had a statistically significant impact on the Woodcock-Johnson scores of 

children who had high inhibitory control skills at kindergarten entry (effect size = 0.17) but not 

for children who entered kindergarten with low inhibitory control.  

 Although the subgroup findings suggest that the High 5s program may have had an 

impact on outcomes other than the REMA-K for some subgroups of children, the findings should 

be interpreted with caution.  There is no consistent group of children that benefited across all 

                                                           
4 The standardized measures of the difference in outcomes at the end of kindergarten for children in the 90th income 

percentile and children in the 10th income percentile in the Early Childhood Longitudinal Study, Kindergarten Class 

(ECLS-K) conducted in the 2010-2011 year (as described in Reardon & Portilla, 2016) was equivalent to 1.046 

standardized units. The estimated effect size produced by the High 5s clubs (0.20) is equivalent to 19 percent of that 

gap.  

 



Running Head: SMALL GROUP MATH 29 

outcomes, most of the differences were not statistically different from one another and would not 

remain statistically significant after accounting for multiple hypothesis testing.    

 Finally, to explore how much the additional instructional time that the High 5s program 

added mattered, we conducted a subgroup analysis to assess whether the impact of High 5s was 

smaller in schools in which students received more in-class math instruction.  We hypothesized 

that additional time spent in High 5s might matter less in schools in which students were already 

receiving a substantial amount of math instruction (i.e., in schools where High 5s was adding a 

smaller percentage of additional time).  Schools were divided into two groups—those that spent 

fewer than 53 minutes per day on math and those that spent more than 53 minutes per day on 

math, on average, based on classroom observations.  Fifty-three minutes was selected because it 

represents the 50th percentile for time spent on math in the classroom.  

 As shown in Table 10,  the results were not consistent with the hypothesis.  There was a 

statistically significant impact on the REMA-K (effect size= 0.29) among students in schools that 

spent more time per day on math.  The impact was not statistically significant (effect size=0.10) 

for students in schools in which less time was spent on math in class.  These effects were not 

statistically signficant from one another. Interestingly, High 5s also had a larger impact on 

children’s math attitudes in schools with lower than average time spent on math (effect size = 

0.29) than in schools with more time spent on math (effect size = -0.18), suggesting that the more 

time children spent in High 5s relative to classroom math instruction, the more likely they were 

to report positive attitudes toward math. 

Discussion 

The findings reported here suggest a number of potential mechanisms through which 

High 5s may have contributed to the development of children’s math skills. First, High 5s led to 
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additional mathematics instructional time. Students in High 5s received, on average, 75 minutes 

of math instruction each week over and above the approximately 280 minutes they were 

receiving in class. This is an increase of 27 percent, on average.  However, High 5s was not more 

effective in schools that spent less time on math in the classrooms, compared to schools in which 

teachers spent more time on math in the classroom.   

High 5s also took a different instructional approach than the typical kindergarten 

classroom.  Students in the High 5s clubs experienced greater opportunities for differentiated and 

individualized instruction and more hands on learning opportunities.  In classrooms, 85 percent 

of math time was spent in either whole-group instruction or seat work, and most activities 

involved either workbooks or no materials at all. High 5s instruction occurred in small groups or 

individually with the facilitator (on Game Days, some facilitators worked one on one with 

individual students). High 5s was primarily game-based and provided students with opportunities 

to engage with mathematical concepts using a variety of manipulatives and materials. These 

instructional practices were highly aligned with the Building Blocks curriculum, and this 

consistency may have contributed to student learning in High 5s. 

 High 5s also exposed students to more advanced mathematical topics. High 5s clubs 

covered a wider range of content than did kindergarten classrooms and more time was spent on 

more advanced mathematical skills. 

Finally, the instructional climate in clubs may have differed from the climate in class-

rooms. The following exchange, as reported by one of the facilitators during the last week of the 

clubs, captures this difference: 

While filling out their “why we like math” page, the children [in this club] all concluded 

that they didn’t like math. I [the facilitator] said that was strange because they’ve been 
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doing math in High 5s all year and were loving it and were so happy. They clarified that 

they like math in High 5s but they don’t like it in school. R explained in his words that 

“In school, you do math and you be quiet and look down at your paper. They just tell you 

that you’re wrong. And then nobody talks to you. It’s just wrong and you have to be 

quiet. But in High 5s we have you. You never say we did it wrong and we all talk and 

figure it out and then nobody’s wrong. That’s why I’m happy when I do math in High 

5s.” 

Another facilitator wrote at the end of the year that the most rewarding aspect of the job was 

“When the kids finally ‘get’ a new concept and they become more confident in themselves it 

honestly makes it all worthwhile. One of my students wrote in her high 5s book that one of the 

things she learned in high 5s was to ‘never stop trying.’” The extensive training and ongoing 

supervision that facilitators received from Bank Street likely contributed to this instructional 

climate.  Given this, it is surprising that the study did not find a significant effect on children’s 

attitudes towards math.  As highlighted in the quote above, as well as the subgroup finding that 

students who spent less time engaging in math in the classroom had more positive attitudes 

toward math, the reason for this may be that when children answered survey items about their 

views of math they were thinking about their in-class math instruction and not about High 5s.   

There is some evidence to support each of these potential contributions, and any effects 

of the program likely arise from some combination of all of them. It is therefore important to be 

cautious in concluding that just one or two of these elements would be sufficient to produce 

impacts.  

Although this study provides some preliminary evidence that small group instruction may 

be a promising way to approach early math instruction, more research is required to replicate 
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these findings and identify which elements are critical to achieving positive outcomes. For 

example, more work is needed to determine if it was simply the addition of extra time on 

mathematics, or the benefits of small group instruction or some combination thereof that 

contributed to the findings. Similarly, more work is needed to determine whether the program 

could be effective with less training and support provided to facilitators. In addition, the 

curriculum itself was designed to align with and build on what children in the study had 

experienced in pre-K. The study was not designed to demonstrate how effective the curriculum 

would be for children who did not have this grounding in preschool. Further research is needed 

on how these activities and this instructional setup would work for children who may have had a 

different set of experiences in the year before kindergarten.  Finally, it will be important to 

understand whether the program’s impacts can be sustained over the longer run. The study team 

plans to follow the children in the study through elementary school to understand the long term 

impacts of the program.   

Exploring models that are less resource intensive will also be important.  Although the 

program was delivered by facilitators who were paid a salary commensurate with that of 

paraprofessional staff, because the program operated outside of regular instructional time 

facilitators could each run only a few clubs, and often had to travel across the city to different 

schools. This structure also required substantial operational support from the research team to 

ensure that student attendance was high and space was available to meet in the schools each day. 

Other models, including conducting small groups in the regular classroom or running a pull-out 

program with existing school paraprofessionals, are being explored to see whether or not similar 

results could be obtained with fewer resources.   
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Table 1: Descriptive statistics for High 5s facilitators (N=24) 

Characteristic  Min Max 

Race/ethnicity (%)    

 Hispanic 29.2   

 Non-Hispanic white 37.5   

 Non-Hispanic black 29.2   

 Other/multiraciala 4.2   

Bachelor's degree (%) 83.3   

Degree in education (%) 26.1   

Female (%) 75.0   

Fluent in Spanish (%) 25.0   

Age (mean) 26.3 22 39 

Years of formal teaching experience (mean) 1.6 0 5.8 

Years of informal experience working with kids (mean) 4.0 0 14 

Notes: Demographics were collected for the 24 full-time facilitators who remained at the end of the 

program.  

aOther/multiracial includes Asian, Native Hawaiian/Pacific Islander, and American Indian/Alaska 

Native; facilitators who identified as the option "some other race"; and facilitators who selected more 

than one race on the survey.      
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Figure 1: Hypothesized pathways of influence connecting the High 5s math clubs program to 

student achievement.  
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Table 2: Baseline (spring of pre-kindergarten) descriptive statistics for High 5s study sample  

Student characteristics 
Treatment 

(n=303) 
 Control 

(n=310) 

Parent demographics       
 Race and ethnicity (%)       
  Hispanic 0.51  0.54 
  Non-Hispanic white 0.05  0.06 
  Non-Hispanic black 0.38  0.33 
  Other/multiraciala 0.06  0.05 
 Highest level of education    

   At least high school/GED (%) 0.77  0.74 

Child demographics    

 Average age in fall 2015 (years) 5.17  5.17 
 Female (%) 0.56  0.49 
 English-speaking (%) 0.90  0.87 

Child skills at the end of pre-K (mean)    

 Math    

   ECLS-B math score (0-44) 27.33  26.99 

   
Woodcock-Johnson Applied Problems Standard 

Score  
102.70  101.89 

 Language    

   ROWPVT Standard Score  97.04  96.50 
 Executive function    

   Pencil Tap: proportion correct (0-1) 0.76  0.74 
   Arrows Mixed: proportion correct (0-1) 0.83  0.79 
   Corsi Blocks forward: number correct  2.96  2.99 
   PSRA Attention and Inhibition Score (0-3) 2.68  2.67 

Joint test of difference between groups  (F-value = 0.71)  
Notes:  Rounding may cause slight discrepancies in sums and differences. 
aOther includes Asian, Native Hawaiian/Pacific Islander, and American Indian/Alaska Native. 

 

 

 

 

 

 

 

 



Running Head: SMALL GROUP MATH 43 

Figure 2: Pattern of attrition for child assessment data  
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Table 3: Measures of structural fidelity based on facilitator logs and club observations 

        

Club 

Observations 

Measures of Structural Fidelity (%) 

Facilitator 

Logs Fall Spring 

Overall child attendance ratea   87.0 - - 

Scheduled session held 92.5 - - 

Completed at least one start-up 98.6 96.0 100.0 

Completed both start-ups 89.9 92.0 92.3 

Completed main activity 99.6 100.0 100.0 

Correct activities conducted 96.2 96.0 92.3 

      
Facilitator met or exceeded expectations b    

 Conducted activities as written - 96.0 92.3 

 Set up materials correctly/was familiar with the activity - 88.0 100.0 

 Displayed an understanding of mathematical concepts,     

  using correct vocabulary, and making no significant    

  mathematical mistakes - 100.0 96.2 
      

Sample size       

  Sites 24 24 23 

    Club sessions c 5,971 25 26 

 

       

      

      
 

  

NOTES:  
aAttendance rates are based the total number of children expected to attend each club session.  Students who left the school 

or dropped out of clubs were not included in attendance totals after they dropped out or left the school.   

b 
Facilitators were rated on a 1 to 5 scale. Facilitators who met or exceeded expectations received a rating of 3 or above. 

c 
For facilitator logs, the sample size for club sessions is the total number of expected sessions. The denominator for the 

variables related to implementation fidelity from the facilitator logs includes only sessions with scheduled activities (5,971), 

not Game Days, when students were given the opportunity to choose from four activities set out by the facilitator. 
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Table 4. Amount of time spent on math in High 5s Clubs, based on facilitator logs and spring 

club observations 

  

    Facilitator Logs   

Spring Club 

Observations 

    Standard    Standard 

Use of Time Mean Deviation   Mean Deviation 
       

Minutes spent on start-up 

activities 8.4 2.26  8.5 2.42 

Minutes spent on main 

activities 16.5 3.03  15.6 2.95 

Minutes spent on math a 24.7 4.17  24.1 4.11 
       

Sample size           

 Sites 24   23  

 Clubs 79   26  
  Club sessions b 5,971     26   

       
 

        
       
       
       
       

NOTES: 
a
Minutes spent on math includes time spent on start-up and main activities.  

     
b 
The number of club sessions includes only those with scheduled activities and does not include Game Days, 

when students were given the opportunity to choose from four activities set out by the facilitator. During 

observation, only one session of each club was observed, so the number of sessions observed is the same as the 

number of clubs. 



Running Head: SMALL GROUP MATH 46 

Table 5.  Measures of process fidelity based on club observations 

Quality Measure Fall Average 
Spring 

Average 

Facilitator has good rapport with students  4.2 4.3 

Facilitator avoids negative classroom management strategies 4.3 4.4 

Facilitator makes math learning fun 3.6 3.7 

Facilitator uses positive classroom management strategies 4.0 3.8 

Facilitator encourages effort and persistence over right answer 3.4 3.2 

Facilitator draws attention to the math 3.4 3.8 

Facilitator underscores the mathematical objective  3.4 3.6 

Facilitator encourages mathematical reflection  3.2 3.2 

Facilitator asks open-ended questions  3.2 2.7 

Facilitator provides opportunity for all to participate 3.9 3.8 

Sample size   

  Clubs 25 26 

Notes: Facilitators were rated on a 1 to 5 scale. Facilitators who met or exceeded expectations received a rating of 3 or 

above. Facilitators who exceeded expectations received a rating of 4 or above. 
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Table 6: Comparison of mathematics instruction in K classrooms and High 5s Clubs 

Outcome Measure 

Kindergarten 

Average a 

High 5s 

Average b 

Time on math (min/week) 280  75  

Percentage of math time in small groups 5 100 

Percentage of math time using materials other than worksheets 35 100 

Teacher/facilitator asks open-ended questions (1-5, where 3=satisfactory) 2.0 2.7 

Teacher/facilitator encourages mathematical reflection (1-5, where 

3=satisfactory) 
2.7 3.2 

Teacher/facilitator scaffolds children to help them extend their math 

skills (1-5, where 3=satisfactory) 
2.5 2.9 

Teacher/facilitator changed math materials/content based on individual 

child skill level (% of observations) 
35.9 57.7 

    

Sample size   

 Sites 24 23 
 Classrooms 39 - 

  Clubs - 26 
Notes: a This calculation takes into account all formal math activities that occurred in the math block observations and only those that 

occurred during the math block portion of the full-day observations. The time-weighted average is calculated by multiplying the 

quality rating by the duration in minutes for each formal math activity in a classroom and then averaging across classrooms. 
b Quality ratings were measured for the whole High 5s club which included one main activity and two start-ups. Rating are for spring 

only.   
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Table 7: Comparison of mathematics content in K classrooms and High 5s clubs 

Math Activities (%) 

Kindergarten 

Fall 

Observations 

Kindergarten 

Spring 

Observations 

High 5s 

Activities 

School Year 

Numbers and operations 94.3 91.3 79.0 

 Numeral recognition and writing 8.3 4.4 0.0 

 Counting forward by 1s 25.5 21.2 0.0 

 

Recognizing quantity without 

counting 
1.3 0.0 3.1 

 Complex counting 1.3 6.6 24.6 

 Comparing and ordering 24.2 6.6 11.3 

 Composing numbers 28.0 13.9 22.6 

 Adding and subtracting 5.7 38.7 17.4 

Other math content areas 5.7 8.8 21.0 

 Patterning 1.9 0.0 4.6 

 Shapes 2.6 7.3 11.8 

 Measurement 0.0 0.0 4.6 

 Other 1.3 1.5 - 

Sample size    

 Sites 21 24 - 

 Classrooms 36 39 - 

  Math activities a 157 137 195 
Notes: a In kindergarten classrooms, a math activity is defined as a formal math activity observed using the COEMET, which 

must meet the following criteria: (1) persists for at least 1 minute, (2) develops mathematics knowledge, and (3) has a 

discernible topic, goal, and task. All formal math activities observed in the math block observations are included. In the full-day 

observations, only formal math activities taking place during regularly scheduled math instruction time are included. Classroom 

observation data were also verified against the full-scale GoMath! curriculum in use in most classrooms. In High 5s, a math 

activity is defined as either a start-up or main activity as outlined in the High 5s Full-Scale Curriculum. 
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Table 8: Impacts of the High 5s math clubs on student achievement 

Outcome Variable 

Program 

Group 

Mean 

(n=303) 

Control 

Group 

Mean 

(n=310) 

Difference 

(Impact)  

P-

Value 

Effect 

Size 

Math      

 REMA-Kb 39.47 37.90 1.57 0.01** 0.19 

 Woodcock-Johnson Applied 

Problems 
104.17 102.98 1.19 0.18 0.09 

Math attitudes      

 Children's attitudes toward 

math (1-5) 
3.51 3.45 0.07 0.58 0.04 

Language      

 Receptive vocabulary 97.89 97.03 0.85 0.48 0.06 

Executive function      

 Inhibitory control (0-1) 0.68 0.68 -0.01 0.69 -0.03 

  Working memory 2.29 2.22 0.07 0.51 0.05 

 

NOTES: Statistical significance levels are indicated as follows: *** = 1 percent; ** = 5 percent; * = 10 

percent. Statistically significant differences in impact estimates across different subgroups are indicated as 

follows: ††† = 1 percent; †† = 5 percent; † = 10 percent. 

     The program group received Making Pre-K Count (MPC) in pre-K and High 5s in kindergarten. The 

control group received only MPC in pre-K and participated in kindergarten as usual. 

    Impacts were estimated by comparing kindergarten outcomes for the group assigned to High 5s in 

kindergarten with corresponding outcomes for the group assigned to kindergarten as usual, with an 

adjustment for selected background characteristics and dummy variables for pre-K sites. 

     Outcomes were measured by T scores from the Research-Based Early Math Assessment–Kindergarten 

(REMA-K; Clements, Sarama, and Liu, 2008); the Woodcock-Johnson Applied Problems subscale of the 

Woodcock-Johnson III Tests of Achievement (Woodcock, McGrew, and Mather, 2001); an MDRC-created 

assessment measuring children's attitudes toward math and school; the Receptive One-Word Picture 

Vocabulary Test (ROWPVT-4; Martin and Brownell, 2011); the Hearts and Flowers (Wright and Diamond, 

2014) computerized task; and the Corsi Blocks task (Corsi, 1972; Lezak, 1983). 

     Rounding may cause slight discrepancies in sums and differences. 

Missingness was less than 5% for most covariates but was as high as 50% for some pretest variables because 

only a random sample of students in the sample had been selected for testing in the spring of their pre-K 

year.  A missingness dummy was included for all missing variables.  Mean imputation was conducted with 

50 imputations. 
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Table 9: Impacts of the High 5s Supplement in the Spring of the Kindergarten Year, by Baseline Inhibitory Control 

 Low Inhibitory  Controla  High Inhibitory  Controlb   

Outcome Score 

Control 

Group 

Mean 

Difference 

(Impact) 

P-

Value 

Effect 

Sizec 

 

Control 

Group 

Mean 

Difference 

(Impact) 

P-

Value 

Effect 

Sizec 

 

Difference 

between 

subgroups 

P-

value 

Math            

REMA-Kd 35.06 1.26 0.37 0.15  41.84 0.63 0.34 0.11 0.63 0.68 

Woodcock-Johnson 

Applied Problemse 99.63 0.67 0.72 0.05  106.99 1.98* 0.09* 0.17 -1.31 0.55 

Math attitudes             

Children's attitudes 

toward math (1-5) 3.51 0.03 0.92 0.02  3.55 0.07 0.75 0.04 -0.04 0.92 

Language             

Receptive vocabularye 97.49 -3.44 0.26 -0.24  102.51 0.24 0.88 0.02 -3.68 0.29 

Executive function    

 
       

Inhibitory control (0-1) 0.63 0.01 0.82 0.05  0.71 0.00 0.97 0.01 0.88 0.01 

Working memoryf 2.16 -0.17 0.49 -0.14  2.62 0.00 0.98 -0.16 0.58 -0.16 

Sample size            

 Sites 22     24      

  Children 57     99      

NOTES: Statistical significance levels are indicated as follows: *** = 1 percent; ** = 5 percent; * = 10 percent. Statistically significant differences in impact estimates across 

different subgroups are indicated as follows: ††† = 1 percent; †† = 5 percent; † = 10 percent. 

    Impacts were estimated by comparing kindergarten outcomes for the group assigned to High 5s in kindergarten with corresponding outcomes for the group assigned to 

kindergarten as usual, with an adjustment for selected background characteristics and dummy variables for pre-K sites. 

     Outcomes were measured by T scores from the Research-Based Early Math Assessment–Kindergarten (REMA-K; Clements, Sarama, and Liu, 2008); the Woodcock-Johnson 

Applied Problems subscale of the Woodcock-Johnson III Tests of Achievement (Woodcock, McGrew, and Mather, 2001); an MDRC-created assessment measuring children's 

attitudes toward math and school; the Receptive One-Word Picture Vocabulary Test (ROWPVT-4; Martin and Brownell, 2011); the Hearts and Flowers (Wright and Diamond, 

2014) computerized task; and the Corsi Blocks task (Corsi, 1972; Lezak, 1983). 

     Rounding may cause slight discrepancies in sums and differences.  

     Baseline inhibitory was only available for a random subset of study participants, thus the total sample size for this analysis is smaller than for the main impacts.       

Missingness was less than 5% for most covariates but was as high as 50% for some pretest variables because only a random sample of students in the sample had been selected for 

testing in the spring of their pre-K year.  A missingness dummy was included for all missing variables.  Mean imputation was conducted with 50 imputations. 
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Table 10: Impacts of the High 5s Supplement in the Spring of the Kindergarten Year, by Math Instructional Time 

 

Low Kindergarten Math Instructional 

Timea 

 High Kindergarten Math Instructional 

Timeb 

  

  

Outcome Score 

Control 

Group 

Mean 

Difference 

(Impact) 

P-

Value 

Effect 

Sizec 

 Control 

Group 

Mean 

Difference 

(Impact) 

P-

Value 

Effect 

Sizec 

Difference 

Between 

Subgroups 

P-

Value 

Math             
REMA-Kd 39.88 0.82 0.36 0.10  36.15 2.33 0.01*** 0.29 -1.51 0.23 

Woodcock-Johnson 

Applied Problemse 103.68 1.92 0.17 0.14 

 

102.33 0.70 0.56 0.06 1.22 0.51 

Math attitudes            
Children's attitudes 

toward math (1-5) 3.28 0.44 0.01** 0.29 

 

3.59 -0.25 0.13 -0.18 0.69 0.00††† 

Language            
Receptive vocabularye 98.71 2.09 0.24 0.13  95.78 -0.23 0.88 -0.02 2.32 0.33 

Executive function            
Inhibitory control (0-1) 0.73 -0.03 0.26 -0.13  0.65 0.02 0.50 0.08 -0.05 0.20 

Working memoryf 2.41 0.08 0.63 0.05  2.04 0.09 0.52 0.07 -0.02 0.94 

Sample size            

 Sites 11     13      
  Children 142     168      

NOTES: Statistical significance levels are indicated as follows: *** = 1 percent; ** = 5 percent; * = 10 percent. Statistically significant differences in impact estimates across 

different subgroups are indicated as follows: ††† = 1 percent; †† = 5 percent; † = 10 percent. 

     The program group received Making Pre-K Count (MPC) in pre-K and High 5s in kindergarten. The control group received only MPC in pre-K and participated in kindergarten 

as usual. 

    Impacts were estimated by comparing kindergarten outcomes for the group assigned to High 5s in kindergarten with corresponding outcomes for the group assigned to 

kindergarten as usual, with an adjustment for selected background characteristics and dummy variables for pre-K sites. 

     Outcomes were measured by T scores from the Research-Based Early Math Assessment–Kindergarten (REMA-K; Clements, Sarama, and Liu, 2008); the Woodcock-Johnson 

Applied Problems subscale of the Woodcock-Johnson III Tests of Achievement (Woodcock, McGrew, and Mather, 2001); an MDRC-created assessment measuring children's 

attitudes toward math and school; the Receptive One-Word Picture Vocabulary Test (ROWPVT-4; Martin and Brownell, 2011); the Hearts and Flowers (Wright and Diamond, 

2014) computerized task; and the Corsi Blocks task (Corsi, 1972; Lezak, 1983). 

     Rounding may cause slight discrepancies in sums and differences. 
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Missingness was less than 5% for most covariates but was as high as 50% for some pretest variables because only a random sample of students in the sample had been 

selected for testing in the spring of their pre-K year.  A missingness dummy was included for all missing variables.  Mean imputation was conducted with 50 imputations. 

     aChildren in schools where the average duration of math instructional time recorded during observations of kindergarten classrooms was less than 53 minutes constitute the low 

kindergarten math instructional time group. 

     bChildren in schools where the average duration of math instructional time recorded during observations of kindergarten classrooms was greater than or equal to 53 minutes 

constitute the high kindergarten math instructional time group. 

     cEffect size is calculated by dividing the impact of the program (the difference between the means for the program group and the control group) by the standard deviation for the 

control group. 

     dThe REMA-K has a mean score of 50 and a standard deviation of 10. The norm is based on a group of children between pre-K and third grade. 

     eThis is a standardized measure with a mean score of 100 and a standard deviation of 15. 

     fThe score reports the highest number of blocks the child was able to tap in correct order in two attempts. 


