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ABSTRACT OF THE DISSERTATION 

What Works for Whom and Why? Approaches of Analysis and Opportunities in Questions 

By 

Taffeta Wood 

Doctor of Philosophy in Education University of California, Irvine  

Associate Professor Drew Bailey, Chair 

This dissertation is guided by my driving research question: what works for whom in 

education and why? I examine issues of instruction, assessment, and research approaches that 

begin to answer this question. Study 1 examines a classroom intervention’s child x instruction 

interactions. Study 2 examines underlying cognitive factors, including non-verbal cognitive 

factors, of morphosyntactic performance on different language tasks. Study 3 highlights research 

opportunities for better understanding what works for whom and why by identifying and 

analyzing substantive and methodological themes in highly cited articles from research on math 

and language and literacy learning.  

Study 1: I investigated child × instruction effects on mathematics gains in first grade 

within a large randomized controlled trial. Results revealed that initially lower scoring children 

performed better without the treatment of Math PALS. Implications include the possibility that 

children with lower initial skills may need more time in small groups with their teacher to learn 

math skills, versus more time with peers. For children with higher skills, this study suggests 

working with peers is educationally beneficial for their learning outcomes as measured on 

standardized assessments.  

Study 2: In Study 2, I examine assessment tasks in light of what works for whom and 

why with an attention to domain general cognitive factors. Differences in the tapping of domain 
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general non-verbal factors on language performance tasks are explored in a series of four 

hierarchical linear regressions predicting cloze and narrative performance in English and 

Spanish. The results reveal the differential contribution of nonverbal cognitive skills across 

English and Spanish and by task. The findings suggest cognitive demands vary for bilinguals 

based on the language of assessment and the task. This indicates that non-verbal IQ domain 

general cognitive factors (processing speed and working memory) support how students perform 

on what are often considered more domain specific tasks, such as my study’s grammatical tasks. 

This work has implications for understanding what kinds of instruction and assessment might 

work better for bilingual students with different levels of English exposure.  

Study 3: In Study 3, I compare mathematical cognition and learning research to reading 

research, a partially overlapping field with important similarities in research questions, methods, 

and populations of study. In this systematic literature search of highly cited papers in both areas, 

themes across the fields emerged: a reliance on longitudinal panel data, a focus on children in the 

early school years, and a lack of interventions shown to affect students’ long-term success 

(including older students’ achievement). While themes coded by decade reveal progress in 

approaches over time, some challenges still persist to solve. Such challenges arise from thematic 

constraints across fields such as an overreliance on longitudinal panel data versus experiments. 

This big picture approach to characterizing the field is potentially useful for improving our 

understanding of what works for whom and why in future work.  

In chapter 5, I discuss the implications of these findings for educational research and 

practice. In particular, I suggest that approaches of instruction, assessment and research needs 

more nuance in its approaches and vantage points. This is both at the level of the child and the 

level of the research questions that drive findings. 



 1 

Chapter 1 

Introduction 

Educational Research is tasked with understanding issues of learning and instruction as 

well as more meta-level issues of research approaches. The vantage points researchers choose 

can lead to different research outcomes. Such work in turn informs educational approaches and 

ultimately impacts student learning outcomes. Many children in the U.S. do not reach the 

standard for proficiency in math (NAEP, 2019). Instruction and early intervention may hold 

promise to promote better later math outcomes which in turn influence career choices and 

broader quality of life outcomes (Adams, 2002). Both mathematics and literacy are critical 

content areas for students to master. While these areas share import, they also share persistent 

problems of achievement. According to the NAEP, 2019 for both mathematics and literacy 

learning, scores in both mathematics and literacy remain little changed since in recent years. A 

potential common reasons student fail to become proficient in mathematics learning and literacy 

may be the failure of approaches to personalize instruction by matching instructional 

opportunities to the child’s ability.  

We will have to consider both instruction and assessment in order to personalize 

instruction. The two common areas of mathematics and literacy with their similar import and 

thematic overlaps may allow us to take different approaches to how we ask research questions. 

Such questions could offer useful insights into what works for whom and why. 

Instruction The importance of classroom educational opportunities for individuals’ 

learning outcomes has been well documented (Connor et. al, 2019). These opportunities are not 
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always equally beneficial for all students (Connor, Morrison, Fishman, Schatschneider, & 

Underwood, 2007). Student level factors, such as individual children’s abilities at the beginning 

of the school year, have been seen to interact with the educational opportunities afforded to them 

in the literacy classroom context (Connor et al., 2018). While these child x instruction effects 

have been well documented in literacy (Connor, Morrison, Fishman, Schatschneider, & 

Underwood, 2007) they have been to a somewhat lesser extent explored in math classrooms 

(Chiappe, 2005; Wood et. al, 2020).  

The current findings on individualizing math instruction suggest that individualizing 

instruction for mathematics is important for individual child-level educational outcomes (Connor 

et al., 2018; Clements 2020). The field of mathematics cognition and learning does not yet fully 

understand why these results occur and how we can best illustrate the interaction between where 

a child is in a developmental math trajectory and how this interacts with their educational 

experiences in classrooms. Some studies suggest that developmental math trajectories may be 

heterogeneous (Jordan, Mulhern, & Wylie, 2009) and may be influenced by children’s’ initial 

math abilities (Engle, Claessens, & Finch, 2013). 

Assessment. Assessment is often intended to measure a narrow range of skills in the 

same way across different children. Yet certain cognitive faculties may be tapped differently due 

to child level factors and so the content task may not be unidimensional. A more nuanced view 

would ask, what cognitive faculties are students using and thus what are we measuring? Non-

language factors can be used for language performance for example.  

Questions. How we ask research questions can be an opportunity or a challenge. There is 

opportunity to ask questions that lead to findings that are needed (for policy or practice 
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implications for example). But questions can also be challenges that keep us from exploring 

avenues of research in our field that others have already found is necessary. For example, the 

field of mathematics cognition and learning could be learning from a similar field, literacy 

research. We have a body of research across both mathematics and literacy that demonstrates 

that “One Size Fits All Approaches” may not support learning for many students. Personalizing 

Instruction (child x instruction interaction effects, assessment) holds promise. How to move 

forward in research, where issues of idiosyncratic cases may complicate our ability to best find 

what works for whom and how leads us to take the outside view in order to better answer the 

challenges of educational research.   

In sum, this dissertation explores what works for different learners and why at three 

different levels: child by instruction (as in Study 1), child by assessment (as in Study 2) and the 

meta level of challenges common to the study of mathematics and language/literacy (as in Study 

3). By focusing on these three different levels, the results of this dissertation can help to improve 

both education research and practice through a nuanced approach that considers cognitive factors 

and how they vary across students, academic subjects, assessments, and research questions 

themselves. The studies in this dissertation attempt to answer the following questions: 

1. Does an intervention intended to boost math outcomes across the achievement curriculum 

do so in an equitable way? 

2. Does assessment of language tap cognitive factors in the same way across languages for 

bilinguals?  

3. What are the opportunities and challenges for the field of math cognition and learning 

research that can be discovered via using analogous cases from literacy research?  
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Overview of Studies 

Study 1: I examine child × instruction effects on mathematics gains in first grade within a cluster 

randomized controlled trial in 28 1st grade classrooms. Students with lower initial mathematics 

skills made greater gains in the control group versus the Math PALS group. Students with higher 

initial mathematics skills made greater gains in the Math PALS group versus control. This means 

for child x instruction personalizing instruction approaches, children with lower initial skills may 

need more time in small groups with their teacher to learn math skills, versus more time with 

peers. For children with higher skills, this study suggests working with peers is educationally 

beneficial for their learning outcomes as measured on standardized assessments.  

Study 2: Personalizing instruction relies on assessment. This is because differences between 

students is revealed via assessments. Ideally, assessments should tap cognitive faculties in 

similar ways across language backgrounds in order to be valid for personalizing instruction in 

diverse classrooms. What works for whom will be influenced by how student’s skills are 

measured. Thus, in Study 2, I examine assessment tasks in light of what works for whom and 

why with an attention to domain general cognitive factors. I examining differences in the tapping 

of domain general non-verbal factors on language performance tasks. In a series of four 

hierarchical linear regressions predicting cloze and narrative performance in English and 

Spanish, I evaluate the proportion of variance explained after adding (a) English exposure, (b) 

processing speed and working memory, and (c) interaction terms to the model. The results reveal 

the differential contribution of nonverbal cognitive skills across English and Spanish and by task. 

The findings suggest that cognitive demands vary for bilinguals based on the language of 

assessment and the task. In other words, domain general cognitive factors are not academic 

subject specific (i.e., only for language and literacy or only for mathematics learning). Non-
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verbal IQ domain general cognitive factors (in the case of this study processing speed and 

working memory) support how students perform on what are often considered more domain 

specific tasks, such as the grammatical tasks of this study. This work has implications for 

understanding what kinds of instruction might work better for bilingual students with different 

levels of English exposure. 

Study 3: Many similar challenges to understanding what works for whom and why apply 

across both literacy and mathematics. Thus, there may be opportunities to ask better research 

questions to elucidate what works for whom and why via analogies between the fields of literacy 

research and math cognition research. Treating each research case as completely idiosyncratic 

may not be effective for promoting change and seizing opportunities as would research 

approaches which consider related fields for examples and opportunities. In Study 3, I compare 

mathematical cognition and learning research to reading research, a partially overlapping field 

with important similarities in research questions, methods, and populations of study. I generated 

a list of themes based upon consensus reports and then compared that list to themes in the 20 

most cited papers containing relevant search terms from journals highly cited within both fields 

by decade, from 1980 to 2019.  

In this systematic literature search of highly cited papers in both areas, themes across the 

fields emerged, including: a reliance on longitudinal panel data, a focus on children in the early 

school years, and a lack of interventions shown to affect students’ long-term success (including 

older students’ achievement). I found some support for claims that research on the development 

of children’s mathematical cognition and learning research was “behind” research on children’s 

reading development in the 1980s until the 2010s, but found more mixed support in recent years. 

However, opportunities and challenges still persist to solve. Some challenges come from 
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thematic constraints such as an overreliance on longitudinal panel data versus experiments. This 

big picture approach to characterizing the field is potentially useful for improving our 

understanding of what works for whom and why in future work.  
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Chapter 2 

The Effect of Peer-Assisted Mathematics Learning Opportunities in First Grade Classrooms: 

What Works for Whom? 

 

 

Abstract 

 

To investigate whether child × instruction effects contribute to mathematics gains in first 

grade, we conducted a cluster randomized controlled trial with 454 (205 treatment; 249 

control) students in 28 classrooms. Classrooms were randomly assigned to implement 

Math Peer Assisted Learning Strategies (Math PALS) to supplement Saxon Math or Saxon 

Math alone. Teachers received professional development on either Math PALS (treatment) 

or individualized reading instruction (control). Intent-to-treat and treatment-on-the-

treated results revealed no significant difference between the Math PALS and control 

groups in student mathematics gains. However, Math PALS effectiveness varied with initial 

math skills. Based on modeled results of the continuous fall math score, students who 

scored at the 75th percentile of the sample demonstrated significantly stronger 

mathematics outcomes compared with the treated control group; there was no significant 

treatment effect for students at the 50th percentile. For students with lower initial math 

skills (modeled at the 25th percentile of the sample), the effect of the treatment was 

negative. Students with lower initial mathematics skills made greater gains in the control 

group (Saxon Math alone) versus the Math PALS group. 
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 Key words: Mathematics Instruction, child × instruction interactions, personalized 

instruction, individualized instruction, first grade. 

 

The Effect of Peer-Assisted Mathematics Learning Opportunities in First Grade Classrooms 

What Works for Whom? 

  

Early mathematics is a potent predictor of later school achievement, as many 

researchers have demonstrated to date (Duncan et al., 2007; Geary et al., 2013; Mazzocco & 

Thompson, 2005). The associations between early and later mathematics achievement are 

particularly noteworthy, in view of the association school mathematics achievement has 

with a wide range of quality of life outcomes ranging from career success (Ritchie & Bhatia, 

1999) to health and financial outcomes and decision making (Adams, 2002). The trajectory 

of mathematics achievement levels begins even before school entry, and unfortunately for 

many U.S. students, it begins with poor numeracy skills at kindergarten entry (Duncan et 

al., 2007; Mazzocco & Thompson, 2005) and continues with underachievement in school 

mathematics through high school (Geary et al., 2013). Altering persistently low 

mathematics achievement trajectories requires instructional support or intervention 

(Aunola, et al., 2002) in the early grades, and an academically productive first grade 

experience may provide a foundation for children’s continued mathematics success 

throughout school (Watts, Duncan, Siegler, & Davis-Kean, 2014). To equip early childhood 

educators to turn these trajectories around, researchers must identify the educational 

opportunities that have the potential to influence students’ learning outcomes (Clements & 

Sarama, 2014).  
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 In the present study, we analyze first grade data from a completed study of first 

through third graders that reveal some of the factors that affect early learning outcomes in 

mathematics. The present study involves analysis of first grade data from a large scale 

cluster randomized controlled trial examining child characteristics × instruction 

interactions in literacy and mathematics, from first through third grade classrooms 

(Connor et al., 2013). The participants in the original study received either individualized 

instruction in literacy or, for participants in a treated control condition, targeted 

mathematics instructional strategies. Whereas the aim of the literacy-focused study was to 

examine the cumulative effects of effective individualized instruction in reading, in the 

present study we focus on the mathematics instructional strategies selected as the treated 

control, the Math PALS program (Fuchs et al., 1997), which was conducted in first grade 

only.  

Math PALS is composed of a set of peer-assisted activities and strategies designed to 

support the learning of mathematics, and it was designed as a supplement (not a 

substitute) for any mathematics curriculum. Math PALS was included as the treated control 

condition in the larger study for the following three reasons: first, the participating school 

district requested that the control treatment be additional mathematics instruction; 

second, we aimed to honor that request with an existing instructional program that was 

research evidence based and had reported efficacy (Fuchs, et al., 2002; Fuchs, et. al, 2001; 

Fuchs, et al., 1995). Third, Math PALS utilizes a professional development (PD) protocol 

similar to that designed to support the intervention used in our treated control condition, 

which allowed us to offer the same intensity of PD to teachers of either participant group, 

but focused on either reading or math. Therefore, the Math PALS program was a suitable 
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treated control condition to contrast with our individualized student instruction in reading 

using the Assessment to Instruction technology (A2i). The A2i teachers taught math during 

the math time block using their standard curriculum only, Saxon math. In the present 

study, we focus on math outcomes at first grade on the basis of our interest in the early 

possible influences on positive mathematics achievement trajectories. 

 Prior research in mathematics instruction has demonstrated positive effects of peer-

assisted learning for children in general, throughout the school years (e.g., Fuchs, et. al, 

1995; Rohrbeck, et al., 2003; Webb  & Farrier, 1994), and for the Math PALS program 

specifically (Fuchs, et al., 2001; Fuchs, et al., 2002) through a scope and sequence that 

accounts for the demands of progressive mathematical learning (Fuchs, et al., 2002). These 

positive effects of Math PALS have been reported for students performing at different 

levels of mathematics achievement, including young elementary students with or without 

learning disabilities (e.g., Fuchs, et al., 2001). Despite these and other positive reports, the 

reported effect sizes for Math PALS are considered not significant based on What Works 

Clearinghouse criteria (2013). These caveats suggest a potential interaction between Math 

PALS and initial math ability level. Classifications for low achievement (and for math 

disability) are typically based on broad math outcome scores, such as composite 

achievement scores; this practice varies widely across studies (Murphy et al., 2007), and 

regardless of the measure used in this approach, there is general consensus in the field that 

children with math learning disabilities are heterogeneous (Kaufmann et al., 2013), and 

that subtypes of math difficulties exist. It is therefore essential that the specific areas of 

relative strengths and weaknesses be determined when providing instructional support for 

children who meet these broad low-average achievement (LA) criteria. Therefore, in this 
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study we aimed to examine the general effectiveness of the Math PALS program, relative to 

business as usual math instruction (the standard math curriculum only), and to test 

whether the child × instruction effects (based on children initial reading scores) emerges 

also for mathematics (Burns et al., 2010; Morgan et al., 2015).  

 Previous studies on the effectiveness of Math PALS must be considered for context, 

particularly studies focusing on Kindergarten or first grade Math PALS. Research on the 

effectiveness of Math PALS in first grade (Fuchs, et al., 2002) considered the 

implementation of Math PALS in classrooms. Participants were students in twenty first 

grade classrooms assigned randomly to either a treatment (Math PALS) or control 

(business as usual with Math Advantage, Burton & Maletsky, 1999) condition. In that study, 

teachers in classrooms assigned to the Math PALS treatment implemented the program for 

16 weeks. Math PALS took place in those treatment condition classrooms three times per 

week for 30 minutes at a time. The formation of student dyads for Math PALS was 

accomplished by teachers’ rank ordering of students’ mathematical performance and using 

those ranks to split the group of students into an upper and lower half. The top student in 

the upper half was paired with the top student in the lower half, and so on (Fuchs, et al., 

2002). Their study used portions of the Stanford Achievement Test (Gardner, et al., 1987) 

to assess student mathematics performance. Their findings indicated that all students in 

the treatment condition made modest gains which were higher overall compared to the 

control condition. However, higher achieving students did not make as great of gains 

compared to middle and lower achievers (Fuchs, et al., 2002), indicating a possible initial 

skill × treatment interaction effect.  
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 In another study, the effectiveness of Math PALS for Kindergarteners (Fuchs, et al., 

2001) was considered with twenty kindergarten classrooms randomly assigned to either 

treatment (Math PALS) or control (Math Advantage, Burton & Maletsky, 1999) over 15 

weeks. PALS Math was implemented twice a week for 20 minutes at a time (Fuchs, et al., 

2001). Teachers formed Math PALS dyads in the same way as the previous study. Student 

math skills were evaluated using the Stanford Early School Achievement Test (SESAT; 

Madden, et al., 1983). The analysis suggested a positive effect for all students, including 

identified or referred for special education and non-disabled students achieving at levels 

from low, to middle, to high (Fuchs, et al., 2001).   

 Given the first grade literature and our own findings in child × instruction effects 

observed for A2i-reading (Connor et al., 2013), we hypothesized that Math PALS would be 

effective overall and most effective for lower performing students. We hypothesized Math 

PALS would be differentially effective for students depending on their initial mathematics 

skills levels, and that this effect would be evident for both number combination fluency and 

applied problems performance. We therefore administered separate measures of 

computational fluency and applied problems.  

             Computational fluency involves an important set of skills that support students’ 

mathematical understanding and performance (Fuchs, et al., 2005) which, along with the 

number knowledge required to perform such tasks (Jordan, et al., 2009), provides the 

foundation for more demanding mathematics as students’ progress through their school 

careers (Common Core, 2010). Applied problems involve adaptive use of computational 

strategies, and identifying and using these strategies to solve a “real world” problem. We 

planned to investigate for whom Math PALS was effective, with analyses focused on child 
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characteristic × instruction interactions (also called aptitude or skill × treatment 

interactions) that influence gains in students’ mathematics achievement related to various 

types of instructional activities (Burns et al., 2010). Finally, we video-taped classrooms 

during mathematics instruction to track Math PALS fidelity in the initial study, and to verify 

whether students in the Math PALS classrooms received more peer-assisted learning 

opportunities during math compared with students in the control classrooms during math. 

For the present study, these video tapes afforded the opportunity to code mathematics 

content covered for individual students. 

Theoretical Frameworks 

Peer-Assisted Learning Math PALS Intervention 

The Math PALS protocol begins with the teacher delivering whole class instruction 

and then moving to peer-assisted, small group/pairs instruction. Student dyads are 

arranged by the teacher using the rank ordered process outlined in the Math PALS training 

literature (Fuchs et al., n.d.) and routinely available assessment outcomes (Fuchs, et al., 

n.d.). Our teachers had access to Curriculum Based Measurement and Saxon Math 

performance to inform dyad decisions. This is done by listing their strongest math 

performer to the most struggling and drawing a median split. The teacher then pairs the 

strongest math performer from the top half with the top performer from the second half. 

The second highest from the top half is paired with the second highest from the second 

half, and so on. In this way, the skills level discrepancy between students within a dyad is 

roughly comparable across all student dyads. These student-assisted dyads are expected to 

work together while engaging in mathematics problem solving (Fuchs, et al., 1997). One of 

the underlying principles of Math PALS is that peer-mediated instruction affords students 
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opportunities to work purposefully with activities that are at the desirable level of 

difficulty for each individual student. The heterogeneous skills levels in the classroom, in 

the framework of PALS, is a challenge met by leveraging students’ strengths and 

differences through having students help and teach one another (Fuchs, et al., 1997).  

Aptitude × Treatment Interaction 

 Aptitude × treatment interaction effects reveal the process of learning in the context 

of instruction-specific effects and individual differences in children’s cognitive abilities, 

motivations, and needs (Cronbach & Snow, 1969). Accumulating research suggests that 

child characteristics may interact with instruction to impact how students respond to 

instruction (Connor et al., 2016; Burns, et al., 2010), and these effects apply to, but are not 

limited to, mathematics learning (Connor, et al., 2007). We ground the current study on this 

aptitude × treatment interaction literature and the peer assisted learning mathematics 

literature. We view the classroom as the dynamic system in which the child learns in 

interaction with the opportunities afforded by the environment, with each student’s 

learning based upon personal level factors (such as initial skill levels) at the center.   

 In the context of the present study, we hypothesize that if the instruction is 

appropriate for an individual student’s mathematics skills, it follows that greater academic 

outcomes result. We expected to see child × instruction effects because a child's initial 

place in a developmental trajectory would align with instruction that was either 

appropriate, or not, to the child's place in their development and abilities in different 

components of math. These different student-level mathematics abilities may interact with 

a set of activities designed for a wide range of mathematics abilities. This notion is 

supported by the general early math literature that has shown that students learn 

https://www.sciencedirect.com/science/article/pii/S0022440517300432#bb0100
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mathematic skills at different rates, often based upon their initial skill levels (Clements & 

Sarama, 2014). Although peer-assisted learning and aptitude × treatment frameworks are 

not novel, their application to understanding early elementary mathematics education is 

relatively new and underexplored. This is in contrast to the findings on child × instruction 

interaction effects in literacy. In this way, our study makes a contribution to understanding 

aptitude × treatment effects and effective mathematics instruction. 

 Despite important distinctions between mathematics and reading skills and 

instruction, we hypothesize that the aptitude × treatment frameworks reported in reading 

instruction (Connor, et al., 2011) and human development more broadly (Cronbach, 

& Snow, 1969) transfer to mathematics (Burns et al., 2010). This notion is supported by 

evidence for shared variance between early literacy and early numeracy (Davidse, De Jong, 

& Bus, 2014), correlations between literacy skills and later mathematics achievement 

(Purpura, Hume, Sims, & Lonigan, 2011), and the well-documented comorbidity of 

mathematics and reading disorders (Willicutt et al., 2013). The core of the conceptual 

framework is interaction effects within the classroom context: the learner at the center. 

Each child comes to school with an individual constellation of skills, which interact with 

classroom instruction to affect learning and, hence, achievement (Connor, 2016). We 

hypothesize that this model extends to early mathematics instruction. 

Current Study 

 The peer-assisted learning and aptitude × treatment literature raises the following 

question: What instruction is most effective and for whom? In this study we ask if all first 

graders benefit similarly (i.e., improved math outcomes) to teacher and peer-led 

opportunities and whole class and/or small group instruction. In addition to focusing on 
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child outcomes, we examine participating teachers’ instructional practices across 

treatment and control classrooms. All participating teachers received PD, for either 

Individualizing Student instruction with A2i reading or Math PALS depending on the 

treatment condition of their classroom. Thus, the A2i teachers were a business as usual 

(BAU) math instruction control for Math PALS. We hypothesize that the nature and 

variability of mathematics instruction observed among teachers will therefore vary across 

conditions, and that students of teachers who receive Math PALS PD will spend more time 

in dyad pairings and spend more time on math compared with students of teachers whose 

PD addressed A2i-Reading and who taught BAU math. This affords the opportunity to 

evaluate if instructional features predict child math outcomes, and if they do so 

differentially for children of different initial math abilities. The following research 

questions informed this study: 

1. What is the intent-to-treat effect of Math PALS on students’ math outcome gains 

(residualized change)? 

2. Do children’s initial mathematics skills moderate the effect of Math PALS in the 

treatment condition? 

3. To what extent does instruction differ across the two conditions? 

4. Is there a treatment-on-the-treated effect? That is, do students who spend more 

time in peer-managed instruction demonstrate greater gains in math outcomes 

compared to students who spend less time in peer-managed instruction?  

Method 

Context and Practice  
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 Data for this randomized controlled trial were collected during the first year of a 

cluster randomized controlled longitudinal efficacy study examining child characteristics × 

instruction interactions in literacy in first through third grade classrooms (Connor et al., 

2013). The goal of the initial larger project was to examine the cumulative effects of 

effective individualized instruction in reading, using a treated control design. The school 

district requested that students in the control condition receive instruction in math. The 

participating teachers were randomly assigned within schools to one of two treatment 

conditions: Math PALS or Individualizing Student Instruction with A2i in reading. The 

teachers in the A2i Reading condition continued to teach math as usual with Saxon Math 

(i.e., BAU). In partnership with the district, we selected Math PALS (Fuchs, Fuchs, Yazdian & 

Powell, 2002) to supplement their math curriculum, Saxon Math. Saxon is a spiraling 

curriculum that presents mathematics in smaller lessons that focus on concepts, such as 

addition, and emphasizes the rote and repeated practice of such concepts over time (Hake, 

2007). Thus, teachers in the Math PALS condition supplemented Saxon math with Math 

PALS whereas the control teachers used only Saxon math to teach mathematics.  

Participants  

Participants were 28 teachers and 476 students from 28 classrooms across five 

schools in one school district. Parent consent was obtained for 476 of the students (80% 

return rate). Of these students, 27 subsequently left the school district and were therefore 

no longer in the study (n = 454; 249 in control classrooms; 205 in Math PALS classrooms). 

There were no significant differences in rate of attrition for Math PALS (6.4%) compared 

with Control (5%) group, (𝜒2(1)=0.423, p = 0.516). Nor were there significant differences 

in attrition by initial Math Fluency score. Mean Math Fluency for students who left the 
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study was 480.40 [95%  CI:  478.08-482.72] for those who completed the mean score was  

480.07 [95%  CI:  479.80-480.34]. Thus, the data for children who left the district were 

excluded from the analyses. No teachers left the study.  

In the final sample of 454 students, the range of students qualifying for the National School 

Lunch Program (NSLP) ranged from 33% to 59% across schools (M = 45%). A moderate 

level of rural poverty is represented based on the percentage of students in the school 

qualifying for the NSLP, a widely used marker of poverty. A diverse level of school 

achievement was indicated by the state assessment data system (Progress Monitoring 

Reporting Network). Of the total sample of students in this study, 84% of students were 

white, 7% multi-racial, 4% black/African American, 3% Asian, 3% Hispanic, and less than 

1% Native American. Of this total sample 55% of the students were female.  

All five schools were located in northern, rural Florida. Of the participating 28 teachers, 27 

were white, one was African American, and all self-reported as female. Thirteen teachers 

were randomly assigned to the Math PALS condition and 15 to the control A2i condition 

(i.e., BAU instruction in math). As required by the state of Florida, all teachers were 

certified. On average, they had 17 years of teaching experience (SD = 11). All held at 

minimum a bachelor’s degree, 28% had an MS or MA and 7% had a MEd or MAT degree. 

These teacher characteristics did not differ between conditions.  

Procedures  

In both treatment (Math PALS) and control (i.e., A2i reading; BAU in math) 

conditions, teachers received PD that differed only in content that focused on either 

teaching mathematics (Math PALS) or reading (control group). This included attending 

workshops at the beginning of the school year, monthly communities of practice meetings 
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at their school sites (Bos, Mather, Narr, & Babur, 1999), and bi-weekly instructional in-class 

coaching sessions during the academic block of interest (mathematics or reading 

depending on condition). Teachers in the Math PALS group received a PD package to 

support their facilitation of mathematics activities following a peer-assisted format while 

also continuing their core mathematics curriculum, Saxon Math. The initial Math PALS PD 

two-day training was provided by a researcher who was highly familiar with Math PALS. 

Monthly communities of practice meetings focused on supporting teachers in their 

implementation of PALS with fidelity, and bi-weekly instructional in-class coaching 

sessions were conducted by research partners in order to support in class use of Math 

PALS according to the training manual (Fuchs et al, n.d.).  

By contrast, teachers who were randomly assigned to the Individualizing Student 

Instruction with A2i reading condition were given PD to facilitate providing individualized 

small group reading instruction for their students using A2i (Connor, et al., 2013). Teachers 

in the A2i condition received student reading group recommendations based on reading 

assessment data as well as instructional recommendations for each student. They received 

no training in mathematics instruction.  

Trained research assistants with classroom teaching experience and teacher 

certification delivered all professional development trainings to teachers in both 

conditions. These research partners were trained and employed in the principal 

investigator’s research laboratory at a Research 1 university. In the Math PALS condition, 

the research partners trained teachers to administer Curriculum Based Measurement 

(CBM) and to use CBM to progress monitor students’ mathematical learning and abilities 

once a week during the course of the 2008-2009 school year. The CBM assessments 
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supported teachers’ understanding of students’ individual math abilities and informed 

their pairing of students in dyads. However, consistent with the grade one Math PALS 

protocol, teachers were trained in administering CBM and using it to pair students; 

teachers were not using the CBM to alter which Math PALS skills were covered at what 

time. The Math PALS program was taught following the prescribed sequence, across the 

entire school year, to all of the students in the Math PALS classrooms.   

 

Professional Development for PALS  

During a two-day training, the research partners taught teachers the routine and 

instructional strategies for PALS covering the process for computation skills of PALS on day 

one and the concepts/application portion of PALS on day two. Training consisted of 

scripted lessons that incorporated explicit description of PALS procedures and strategies, 

teacher practice of these procedures and strategies, and feedback on teacher 

implementation. Furthermore, training was conducted with the teachers on student 

implementation of PALS and peer-tutoring procedures for how to be a ‘coach’ and ‘learner’ 

(see Fuchs et al., 1997, for more detail).  

Using the training procedures in the PALS manual (Fuchs et al., n.d.) teachers were 

shown and trained in the reciprocal peer-tutoring strategies and their prescribed 

sequence: First, the tutor follows and reads out loud a sequence questions or statements 

that guides the tutee through completion of a specific mathematical skill. Second, each 

statement or question presented by the tutor requires the tutee to answer either verbally 

or with a written response. Third, depending on the tutee’s answer, the tutor provides 

either praise or additional help. The PALS problem sheets are equally divided into four 
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problem sets allowing structured and independent practice for the tutee while the tutor 

monitors and provides support.  

For implementation of the first lesson as outlined in the Math PALS training manual 

(Fuchs, et al., n.d.), teachers were instructed to first teach the procedures (such as how to 

get folders of PALS work) and rules of Math PALS: (1) Talk only to your partner and talk 

only about math; (2) Use a soft “PALS” voice; (3) Be nice and helpful (Fuchs, Fuchs, 

Hamlett, Phillips, & Karns, n.d.). Teachers were instructed to teach these rules and 

procedures for one week over three sessions of at least twenty minutes. Once these rules 

and procedures were in place, teachers were instructed to teach only the computation 

portion of PALS for 8 weeks, while students achieved further expertise with the PALS 

procedures, with basic skills taught before more complex skills. Teachers were then 

instructed to introduce training for the concepts/applications portion of PALS. Training for 

students also consisted of scripted lessons using brief teacher presentations, followed by 

practice within dyads of the information and principles, and immediate teacher feedback 

on student execution of PALS.  

While students were working in dyads, teachers were observing them in order to 

intervene when and where they deemed in necessary. Teachers were allowed and 

encouraged to intervene when and if they observed members of dyads struggling in their 

PALS tasks, felt the pairs could not work together productively (if there was a behavior 

issue when two children were together), or if a student was absent and needed to work 

with a different partner. New dyads pairings were sometimes encouraged by the research 

partners during the monthly community of practice meetings, when CBM scores were 

discussed to evaluate student progress and appropriate dyad pairings.  
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The treatment implementation goals were for teachers to spend a minimum of 

twenty minutes of Math PALS daily, with no fewer than 3 Math PALS sessions per week.  

These goals were communicated by research partners to teachers initially during the two 

day training, and also during the monthly communities of practice, during biweekly in class 

coaching sessions, and via email.  

As is customary in the implementation of first grade Math PALS, the scope and 

sequence of the curriculum (i.e., Saxon Math) is not purposefully aligned with what is 

practiced in Math PALS. During our observations, we sometimes we noted that the content 

did align across Saxon Math and Math PALS. Both the Saxon Math curriculum and the Math 

PALS activities focused on the building blocks of numeracy, and so the content of both 

programs -- although sometimes different - was aimed at building math conceptual 

knowledge and fluency.  

Measures and Data Collection  

All students were individually evaluated during the fall, winter and spring of their 

first grade year. Mathematics achievement was assessed using two subtests of the 

Woodcock Johnson III, a widely used achievement test with well-established reliability and 

validity (Woodcock & Mather) Math Fluency and Applied Problems. Math Fluency is a 

timed paper-and-pencil assessment during which a student is asked to complete 

mathematics calculations (e.g., “2-1=” or “8 +2=”) as quickly and accurately as possible 

within the three minute allotted time. Thus Math Fluency taps a student’s understanding of 

number operations, an important set of skills that support students’ mathematical 

understanding and performance (Fuchs, et al., 2005) which along with the number 

knowledge required to perform such tasks (Jordan, et al., 2009) lay the foundation for more 
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demanding mathematics tasks as students’ progress through their school careers (Common 

Core, 2010). Applied Problems is an untimed task during which an examiner reads story 

problems to the student while the student views either pictures or the printed problems. 

For example, an item may appear in a format such as “Josie’s school was hosting a movie 

watching party in their gymnasium. She suggested everyone having a chair to sit on in a 

row just like at a movie theatre. The school was expecting 100 students would attend the 

movie watching party. If she and her friends set up 20 chairs in each row, how many rows 

of chairs did they have?” The child must be able to analyze the story problem, decide upon 

a procedure to follow, and calculate the answer.  

[Insert Table 2.1] 

Children may use scratch paper but this is not required. Applied Problems taps a 

student’s ability to think more abstractly and use mathematics in “real world” contexts 

(Cummins, 1991). These two subtests were chosen in order to assess students’ basic 

number operations abilities and the more challenging (Cummins, 1991) applied 

mathematics tasks. Each subtest yields a standard score (M=100, SD=15) which we used 

for descriptive purposes only (Table 1) and a W score which we used for linear modeling. 

Reliability for the Math Fluency subtest is in the excellent range (alpha .89). Reliability for 

the Applied Problems subtest is in the excellent range (alpha .90).  

Analytic Strategy 

We used Hierarchal Linear Modeling (HLM; Raudenbush & Bryk, 2002) to account 

for the nested structure of the data with students nested in classrooms, which were nested 

in schools. Failing to account for the nested structure can lead to the misestimation of the 

standard errors. In our three-level model, all of the school-level variance was explained 
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once we added the school percentage of students qualifying for the National School Lunch 

Program (NSLP) to the model. Thus, to preserve parsimony, we added NSLP at the 

classroom level and conducted two-level models – students and classrooms.  

In order to ascertain whether modeling the nested structure of the data was necessary, 

unconditional means models were run in order to calculate our intraclass correlation 

coefficients (ICCs). We found an ICC of .035 on the measure Applied Problems in spring and 

an ICC of .120 on Math Fluency in spring that necessitated the use of HLM in order to guard 

against misestimating our standard errors. W scores were used because the W scores 

represent an equal interval score and are considered the most appropriate for statistical 

calculations (Woodcock, 2001). 

We first ran an HLM analysis to establish that we had baseline equivalence in our 

treatment and control condition samples. For both outcome measures, Applied Problems 

and Math Fluency, we found that students’ scores in treatment and control classrooms in 

fall were not significantly different, indicating baseline equivalency (Math Fluency p=0.380 

and Applied Problems p=0.475, What Works Clearinghouse, 2017). 

Fidelity 

At fall, winter and spring, classroom videotape observations were performed to 

capture the nature and type of instruction during both mathematics and language arts 

instructional time blocks of both the treatment and control classrooms during the school 

day. Coding of these videos was conducted using Noldus, The Observer coding software 

(Noldus, 1991) and a coding system for both mathematics and language arts instruction. 

The Individualizing Student Instruction (Connor, et. al., 2009) and Individualizing Student 

Instruction Mathematics codebooks/coding schemes (Connor, et. al, 2018) were used to 
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capture the instructional groupings and learning domains of students in both groups. 

Videos were analyzed and coded to identify teacher-managed individualized instruction, 

teacher-managed whole class instruction, student/peer assisted instruction and student-

managed instruction. Additionally, we also coded the types of meaningful academic 

activities in which students were engaged. For example, addition, subtraction, number 

lines, and data analysis were examples of mathematical learning domains that students 

were coded at the level of the individual students. Reliability was assessed on 25% of the 

videos. Kappas for all coders exceeded 0.70. 

We considered the nature and variability of first grade classroom mathematics 

instruction in both the treatment (Saxon Math plus Math PALS) and control conditions 

(Saxon Math alone). In addition to being able to describe first grade mathematics 

classrooms, we wanted to record potential differences across study conditions because 

implementation of Saxon Math in both conditions and the addition of Math PALS to the 

treatment condition are all potential influences on students’ mathematics learning 

outcomes. Math PALS activities supports similar content to Saxon Math, but through 

different approaches. For example, in Saxon Math students practice addition through a 

horizonal algorithm (e.g., 4 + 3 =7) whereas in Math PALS, students practice this level of 

addition problems by using a number line.  

Results 

Descriptive statistics appear in Table 2.1 and correlations appear in Table 2.2 

Applied Problems and Math Fluency were significantly correlated with each other and 

represent distinct yet related tests of different abilities within the domain of mathematics 

abilities. 
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 We then examined the intent-to-treat impact of Math PALS on spring outcomes 

(What Works Clearinghouse, 2017), controlling for fall math scores, NSLP (at the classroom 

level) and adding Math PALS (1=treatment; 0=control) at the classroom level, which was 

the level of random assignment (research question 1). We found no treatment effect for 

Math PALS for either outcome measure: Applied Problems (AP) or Math Fluency (MF) (see 

Table 4). The effect sizes were negligible and not educationally meaningful (Hill et al., 

2008) for both outcomes:  Math Fluency (effect size=0.156; p=0.962) and Applied Problems 

(effect size=0.062; p=0.747).  

 The second research question was, are there salient child × instruction interaction 

effects on students’ outcomes; specifically, do children’s initial mathematics skills moderate 

the effect of treatment? Results for research question two are provided in Table 2.5 and 

Figure 2.1 Our model for Math Fluency is: 

[Insert Table 2.2] 

[Insert Table 2.3] 

(1) SP MF Wij = γ00 + γ01*NSLPj + γ02*MATH PALSj     (1) 

    + γ10*F MF_Wij + γ11*MATH PALSj*F MF Wij  

     + u0j+ rij 

Where spring math fluency (SP MF Wij ) for child i in classroom j is a function of the 

fitted mean, γ00,, the main effect of Math PALs (MATH PALSj) γ02, fall math fluency (F MF Wij) 

γ10, plus γ11, the interaction effect of fall math fluency and Math PALS, controlling for the 

effect, γ01,of school NSLPj, plus student and classroom residuals u0j, rij. The model for 

Applied Problems was specified in the same way (see Table 2.5). 
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We found that for the outcome, spring math fluency, there was a significant child skill × 

interaction effect with students’ initial fall Math Fluency scores and assignment to Math 

PALS (p=0.028). Keeping in mind that fall Math fluency was entered into the model as a 

continuous variable (i.e., we did not create three groups of students based on fall scores), to 

better understand the treatment × fall math fluency score interaction effect on spring math 

fluency outcomes, we modeled the continuous variable fall Math Fluency at values that 

represented scores that fell at the 25th, 50th, and 75th percentile of the sample (See Figure 

1). We found that for students with an average  

[Insert Table 2.4] 

[Insert Table 2.5] 

[Insert Figure 2.1] 

fall Math Fluency score falling at the 50th percentile, there was no effect of condition. 

Students with a score that fell at the 75th percentile, that is, who scored higher on the fall 

Math Fluency assessment, had stronger spring mathematics fluency scores when they were 

in the Math PALS treatment condition compared with peers in control classrooms. For 

students with a Math Fluency score that fell at the 25th percentile (i.e., lower initial score), 

there was a negative effect of Math PALS. That is, students in the Math PALS classrooms 

had lower spring Math Fluency scores than did students in the Saxon Math only condition 

when they had lower math fluency scores in the fall. There were no significant interaction 

effects for Applied Problems.  

In order to better understand the results, we examined the normality of each 

measure. We calculated measures of normality for each subtest first across all classrooms, 

and then within conditions. Across all classrooms, for the Applied Problems subtest at fall 



 29 

and spring, skewness was .137 and .240, respectively; and Kurtosis = was .294 and -.272, 

respectively. For Math Fluency at fall and spring, skewness at fall and spring was .773 and 

.248, respectively; and kurtosis was .016 and .439, respectively. 

For the Math PALS condition, for the Applied Problems subtest at fall and spring, 

skewness was .111 and .283, respectively; and kurtosis was .691 and -.237. For Math 

Fluency at fall and spring, skewness was .770 and .202; and Kurtosis was .083 and .707. For 

the control condition, for the Applied Problems subtest at fall and spring, skewness was 

.159 and .182 respectively, and kurtosis was -.160 and -.407. For Math Fluency at fall and 

spring, skewness was .833 and .202 and kurtosis was .106 and .247. 

[Insert Table 2.6] 

 Our third research question considered the nature and variability of mathematics 

instruction provided within first grade classrooms, specifically, how do amounts and types 

of mathematics instruction vary depending on treatment condition? Based on the 

professional development teachers received, we expected Math PALS teachers to provide 

more peer-managed learning opportunities compared with the A2i control teachers who 

taught only BAU Saxon Math during math instruction. This research question is included 

because it elucidates the fidelity of implementation of Math PALS and also the mathematics 

instruction in the control group (What Works Clearinghouse, 2017). For these analyses, we 

used ANOVA. Results revealed that the overall amount of instruction was similar (see Table 

6), with Math PALS students participating in about 15.5 minutes/day of instruction on 

average (excluding non-instructional activities; SD=4.667) with10 minutes in peer-assisted 

activities (SD=6.91). Students in control classrooms spent 18.9 minutes/day in instruction 

with six minutes of that time in peer-assisted learning opportunities. (SD=13.060 and 6.52). 
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Students in the Math PALS classrooms spent significantly more time working in small, 

peer-managed groups than did students in control classrooms (F = 109.218, df, =1, 2887, 

p<.001). Control teachers (i.e., teaching only Saxon math) generally provided more 

mathematics instruction time in small group instruction and seat work, which likely left 

less time for peer managed learning opportunities (See Table 2.6 and Figure 2.2). Figure 

2.3 details the kinds of math activities that the students participated in by treatment 

condition.   

  When coded for time in activity type (see Figure 2.3), we found that students in the 

Math PALS condition were learning mathematics that was generally more conceptual 

compared to the math students were learning in the Saxon Math alone condition. For 

example, students spent a greater amount of time learning “addition” in the control 

classrooms (i.e., Saxon Math) compared to the Math PALS condition, and spent very little to 

no time on more complex mathematics problems such as “number lines” and “place value.” 

The more complex mathematics problems were observed more frequently in Math PALS 

classrooms. Although both treatment and control conditions were using Saxon Math with 

fidelity, as confirmed via classroom videotaped observations, the treatment group was 

practicing concepts such as addition via more challenging tasks such as addition using a 

number line arguably due to their use of Math PALS. 

We then used HLM to examine treatment-effects-on-the-treated using time spent in 

peer-managed instruction as the marker of treatment to examine whether the amount of 

time spent in peer-managed instruction predicted math fluency and applied problems 

using the model below with all variables grand mean centered (1).   

    Spring MF Wij = γ00   + γ10*Fall MF Wij  + γ20*Peer Assisted Minutesij  + u0j+ rij         (1)  
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[Insert Figure 2.2] 

Where spring math fluency (Spring MF W) is a function of the fitted mean γ00 plus the effect 

of fall math fluency (γ10 Fall MF W) plus the effect of minutes/day in peer managed 

instruction (γ20 Peer Assisted Minutes) plus error at the student and classroom levels (u0j, 

rij)). Results revealed that the more time students spent in peer-managed math instruction, 

the stronger were their gains in spring math fluency skills (see Table S.1 in online 

supplementals). However, when we controlled for the amount of time spent in Saxon math 

instruction overall, the effect of peer-managed instruction was no longer significantly 

greater than 0; rather it was a trend.  

We examined treatment-effects-on-the-treated for Applied Problems using the same 

model. Results revealed no treatment effect on the treated for Applied Problems (see Table 

S.3 in online supplementals). When we controlled for the amount of time in Saxon math, the 

treatment effect on the treated was still no long significantly greater than 0 but was a trend.  

Discussion 

 The motivation for this study was to better understand effective mathematics 

instruction in terms of what types of instruction are more effective and for whom. 

Specifically, we evaluated the mathematics learning outcomes of students engaged in 

business as usual mathematics learning in control classrooms using Saxon Math with those 

in treatment  

[Insert Figure 2.3] 

classrooms incorporating Math PALS as a supplement to Saxon Math. We considered Child 

× instruction interactions in order to elucidate the effect of Math PALS for students of 

varying initial mathematics abilities, and conducted classroom observations. There were 
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four major findings that contribute to early mathematics intervention research: (1) 

Through PD we were able to change teachers’ math instruction practices, specifically, their 

implementation of Math PALS; (2) the math concepts teachers taught in Math PALS 

classrooms were more complex than concepts taught in the control Saxon Math only 

classrooms; (3) Math PALS was effective but only for children with stronger initial math 

skills in the fall; (4) For children with weaker math skills in the fall, Saxon Math alone (the 

control group) was more effective in improving math skills compared to Saxon Math plus 

Math PALS. We elaborate further on each of these findings.  

 Using a constellation of PD methods including the initial two day training 

workshops, monthly communities of practice, bi-weekly in-classroom coaching, and email 

check ins, teachers in the treatment condition implemented Math PALS with fidelity, based 

on classroom observations. Specifically, teachers in the Math PALS condition provided 

more peer learning opportunities than did control teachers, which is the center piece of 

Math PALS (see Figure 2.2 and Table 2.6), and students spent more time being introduced 

to the complex math concepts that also characterize Math PALS. These findings are 

consistent with earlier research that demonstrates positive changes in teachers’ math 

instructional practices following high quality PD (e.g., Sarama, Clements, Wolfe, & Spitler, 

2016), and specifically demonstrate the effectiveness of such PD on first grade teachers’ 

mathematics instruction. This is important in view of current research and policy 

initiatives to provide early childhood educators PK to Grade 3 more pre- and in-service 

support on mathematics instruction (e.g., National Research Council, 2009)   

  One component of teachers’ fidelity with PALS was that teachers introduced, and 

students experienced, math concepts that were more complex compared to Saxon Math, 
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which is another characteristic of Math PALS that distinguishes it from Saxon Math. The 

differences in complexity were marked by the conceptual support these topics could offer 

other kinds of math tasks. For example, Math PALS condition students were introduced to 

the use of number lines to support addition. They also spent time learning about place 

value. Such conceptual knowledge of place value could support number comparisons as 

well as math operations supported by base-ten understanding (Fuson, 1990). The greater 

complexity stemmed from using a variety of approaches to convey a concept (e.g., using 

number lines to convey and solve addition problems and place value instruction to support 

conceptual underpinnings of how base-ten numerical system operates both in number 

comparison and number operations). These findings demonstrate that both the quantity 

and quality of teachers’ math instructional practices are subject to effects of PD, both of 

which are responsive to national calls for improving early mathematics education.  

Turning to the question of for whom Math PALS was effective, we found that among 

children who scored in the top quartile on math fluency in the fall of first grade, those in 

the Math PALS classrooms scored significantly higher on their spring math fluency 

assessment compared to students in the BAU Saxon only classrooms. This aligns with much 

of the extant research that suggest the effectiveness of Math PALS for learners, including 

more initially advanced learners (Rohrbeck, Ginsburg-Block & Fantuzzo, 2003; Slavin & 

Lake, 2008). Although this finding does not address low performing students, it is 

important to acknowledge that supporting children with stronger math skills is an 

important endeavor given that, particularly in higher poverty schools, students with 

stronger skills are 50% less likely to maintain and grow these stronger skills than their 

more affluent peers (Neal & Schanzenbach, 2010). This finding raises questions concerning 
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what aspects of the Math PALS underlies the group differences we observed, such as the 

composition of the student pairs, or the introduction of more complex math concepts in the 

Math PALS classrooms compared to control classrooms (see Figure 2.3).  

Surprisingly, Math PALS was less effective for the very students it was designed to 

help – students with weaker math skills at the onset of the school year (those who scored 

in the lower quartile on math fluency in the fall). This finding is inconsistent with several 

studies that demonstrate peer-assisted learning opportunities have positive effects on 

learning for at risk learners (Gersten et al., 2009; Rohrbeck, Ginsburg-Block & Fantuzzo, 

2003), but is consistent with evidence of “non responders” to some early math 

interventions and supports the notion of a child × instruction interaction, albeit in a direct 

we did not predict. The finding raises questions concerning what aspects of peer assisted 

learning may be more likely to support struggling students in math, or whether alternative 

approaches are more suitable. We can only speculate as to the factors underlying this 

unexpected finding, and in doing so we consider the potential roles of language ability, 

differentiation of instruction, prior PALS research, and specific math topics or activities.  

First, we consider how students engage with Math PALS, and that the instructional 

goals of Math PALS are for peer assisted learning pairs to complete worksheets together by 

talking and reasoning. Without adequate language and reasoning scaffolds, students with 

weaker skills may struggle to understand the Math PALS activities (Ing et al., 2015). In our 

sample, students with weaker math fluency skills in the fall were also more likely to have 

weaker vocabulary skills (r = .25, p < .001), and this link between language and math skills 

is seen with other samples of students (e.g., Purpura et al., 2011). Thus, considering 
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language as well as math skills may afford children more effective math instruction, and 

this may be particularly true for the more complex problems associated with Math PALS.  

Second, we consider that average performing students made similar math fluency gains 

across our two conditions, and that students with below average skills made weaker gains 

in the Math PALS condition compared to controls. It is possible that Math PALS was not 

adequately differentiated for these groups of students. This may be related to how well the 

CBM of Saxon Math informed teachers’ and research partners’ decisions about forming 

student pairs.  

Third, we considered the appropriateness of peer assistance among our most 

struggling learners. For example, the PALS model (Fuchs, et. al., 1997) arose out of a model 

of students teaching one another. However, struggling students are typically most in need 

of teacher time (Connor, 2011). More teacher time with lower performing students can be 

accomplished through the utilization of small groups with higher performing students 

working independently in pairs or small groups while struggling learners work in a small 

group context with their teacher. This model has been shown to be effective for students of 

various abilities in literacy and math (Connor et al., 2018). Reconceptualized, perhaps Math 

PALS implementation could be modified to benefit students who have stronger skills while 

teachers work directly with students who are struggling to gain these skills. This could be 

achieved by pairing the students with stronger skills with each other rather than withe less 

skilled peers, while the teacher offers a way to support the remaining students’ more 

complex skill development in small groups. There are at least two contraindications to 

consider before adapting to this approach, however. First, pairing students with stronger 

skills with each other may not lead to the positive effects of Math PALS found in our study, 
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based on prior evidence that student gains from peer assisted learning are more likely to 

emerge when peer dyads differ in skill level (Greenwood, et. al, 1988). For instance, 

explaining concepts to a less skilled peer may be particularly beneficial for higher 

performing students, and these explanations may not be needed when peers with similarly 

high levels of math skills assist each other. Second, the effect of Math PALS emerged for 

only the top quartile of students, which would leave the remaining 75% of remaining 

students to work with the teacher in small groups, which is not feasible. Thus, 

reconceptualizing how student pairs are formed warrants multiple considerations, but we 

cannot ignore the finding that Math PALS did not benefit children with the lowest math 

fluency skills. 

A final consideration concerns the types of mathematics activities in which children 

engaged in this study. From our observations across the two conditions, we found that 

students in treatment and control classrooms were engaged in different types of 

mathematics activities, which may have influenced the study findings. Students in Saxon 

Math only (control) classrooms were engaged in more rote activities, such as simple 

addition. Students in Math PALS (treatment) classrooms were engaged in more complex 

addition tasks such as using number lines to calculate and data representation such as 

graphing student responses to a survey question. Although addition and number lines 

across first grade tended to represent instances of number relations/operations in which 

the outcome was more, we should consider the difficulty of understanding a number line 

and counting on versus simple addition (Stein, Grover, & Henningsen 1996). The treatment 

condition students may have been engaged in more challenging activities, which may have 

been better for more skilled students and more frustrating for lower achieving students. 
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Thus it may have been the PALS content rather than the peer assisted process that led to 

fewer gains in our lower performing students, or a combination thereof. Supplementing a 

curriculum with additional strategies may have led to teaching too many concepts in too 

many different ways for the students with weaker initial math skills in the Math PALS 

condition. Students with lower initial skills may have been confused by learning similar 

concepts presented in multiple ways with multiple materials. One might conclude that 

Math PALS was simply too challenging for learners who had weaker skills and may have 

overtaxed the working memory skills they needed to learn and carry out mathematics (e.g., 

Clements & Sarama, 2014). Whereas for higher performers, more instructional content led 

to greater learning gains.  

 We are cautious to avoid overgeneralizing our findings to all children with lower 

levels of math skills, particularly because our findings differ from a kindergarten study that 

found positive learning outcomes for students regardless of initial ability (Fuchs, Fuchs & 

Karns, 2001). We must consider the ways in which similarities and differences of our study 

may have contributed to our findings. In our study, we analyzed the outcomes for all 

students who participated in treatment and control conditions without separating groups, 

and ran achievement as a continuous variable and examined interaction effects. This 

resulted in crossover effects of outcomes based upon initial skill level (see figure 2.1). 

How we calculated time in Math PALS was more strident than other studies which used 

teacher report of “total time in math” (Fuchs, Fuchs, Yazidan & Powell, 2002). Our video 

coding only counted time on task in Math PALS when students were actively engaged in 

learning and did not count time for gathering materials or times when teachers were busy 

redirecting student behavior. Nor did it include times where students were off task. 
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Therefore, there was enough time to complete Math PALS lessons and the video-taped 

lessons show this. Our study does represent a different analysis of time in Math PALS than 

other studies and had significantly less time spent in mathematical teaching and learning 

than the other first grade study (Fuchs, Fuchs, Yazidan and Powell, 2002) in which teachers 

in the Math-PALS condition reported 297 minutes per week spent on math (SD=94) and 

teachers in the non-PALS condition reported spending 262 minutes per week in math 

(SD=93).   

Also, the implementation of Math PALS in our study as it is presented here is not 

captured using the Math PALS observation checklists that have been used to track 

implementation fidelity in other studies of Math PALS. We avoided using this checklist 

because it was important to observe instruction for both treatment and control groups, and 

the checklist was less applicable to the latter. Therefore, we coded amount of time in peer-

managed instruction, the most critical part of the PALS intervention. Had we used the 

checklist, we may have found that our teachers’ implementation of PALS was less in 

alignment to PALS than other teachers in seminal studies and may account for our different 

outcomes. 

 

Limitations and Next Steps 

 This study has limitations that should be considered. The poor quality of the audio 

portion of videotaped classroom lessons prevented a discourse analysis of children in small 

group peer-managed activities. It was therefore not possible for us to discern whether 

some peer interactions were not conducive to learning. This study represents one district 

and is a fairly homogeneous sample of students and their teachers with regard to 
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race/ethnicity, although there was more diversity with regard to family poverty level. The 

data were collected during the 2008-2009 school year. The advent of common core 

mathematics has, perhaps, changed how mathematics are presented to children in 

classrooms. Therefore, results might not generalize to other schools and districts.  

  Our findings raise questions that inform future efforts to better understand 

developmental mathematics trajectories of elementary students in grades kindergarten 

through third grade and their implication for examining potential child × instruction 

interaction effects in math in other samples and grades and in particular to understand the 

conditions under which of peer assisted learning benefits children with lower levels of 

math skills. Child × instruction interaction effects have been found in a number of studies 

focusing on math (e.g., Burns et al., 2010) and deserve greater consideration in exploring 

what is effective math instruction and for whom. By coding video data of classrooms and 

using students’ mathematics assessment data, an algorithm may be created to predict how 

students’ math learning can be positively affected through certain amounts and types of 

classroom math instruction and practice.   
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Table 2.1 

Descriptive Statistics 

 
Study Condition N students Mean W Std. Deviation W Mean SS   

Fall Applied 

Problems W Score 

     

A2i 262 446.83 13.801 101.75 

Math PALS 219 446.64 14.655 101.01 

Total 481 446.51 14.226 101.2 

Spring Applied 

Problems W Score 

     

A2i 262 464.79 15.092 105.8 

Math PALS 219 465.77 16.399 105.65 

Total 481 464.84 15.824 105.41 

Fall Math Fluency 

W Score 

     

A2i 249 480.12 3.069 87.24 

Math PALS 205 480.22 2.834 87.49 

Total 454 480.13 2.955 87.15 

Spring Math Fluency 

W Score 

     

A2i 249 487.69 3.474 107.48 

Math PALS 205 488.23 3.477 108.83 

Total 454 487.84 3.530 107.73 

Note. 15 teachers in the A2i control group; 13 teachers in the Math PALS treatment group. All teachers completed the study. W scores 

were used in the analyses. Standard scores are provided as information.  
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Table 2.2 

Correlations Between Mathematics Measures Within and Across Three Time Points   
Fall 

Applied  

Problems  

Fall 

Math 

Fluency  

Winter 

Applied 

Problems  

Winter 

Math 

Fluency  

Spring 

Applied 

Problems  

Spring 

Math  

Fluency  

Fall Applied Problems  1 
     

Fall Math Fluency 0.56 1 
    

Winter Applied Problems 0.63 0.48 1 
   

Winter Math Fluency 0.47 0.50 0.53 1 
  

Spring Applied Problems 0.67 0.52 0.67 0.58 1 
 

Spring Math Fluency 0.46 0.45 0.48 0.73 0.55 1 

Note. All correlations were significantly different from zero (p < .001)
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Table 2.3 

Baseline Equivalency for Fall Measures of Math Fluency (MF) and Applied Problems (AP) 

Fixed Effect   Coefficient 
      Standard 

            error 
     t-ratio 

 Approx. 

         d.f. 
   p-value 

Math Fluency 

For INTERCEPT1, β0  

    Fitted mean MF  479.986 0.372 1288.689 26 <0.001 

    Effect of NSLP  0.083 0.035 2.445 26 0.021 

    MATHPALS 0.395 0.397 0.996 26 0.328 

Applied Math 

For INTERCEPT1, β0  

    Fitted mean AP  446.870 0.799 559.51 26 <0.001 

    Effect of NSLP  0.100 0.133376 0.046 26 0.964 

    MATHPALS  -0.901 1.242 -0.725 26 0.475 

Random Effect 
Standard 

 Deviation 

Variance 

 Component   d.f. χ2 p-value 

Math Fluency       

Classroom, u0 0.697 0.486 26 38.98 0.049 

Student, r 3.765 14.177       

Applied Math      

Classroom, u0 0.364 0.132 26 23.14 >0.500 

Student, r 14.246 202.958       

Note. NSLP is the percentage of students at the school who qualified for the National School Lunch Program.  
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Table 2.4 

Research question 1 – effect of Math PALS on Fall Math Fluency (MF) and Applied Problems (AP) 

Fixed Effect  Coefficient 
 Standard 

error 
 t-ratio 

 Approx. 

d.f. 
 p-value 

Math Fluency 

For INTERCEPT1, β0  

    INTERCEPT2, γ00  487.771 0.334 1458.631 26 <0.001 

    NSLP, γ01  -0.091 0.050 -1.820 26 0.080 

    MATHPALS, γ02  0.025 0.522 0.048 26 0.962 

For Math Fluency W slope, β1  

    INTERCEPT2, γ10  0.361 0.140 2.574 415 0.010 
 

Applied Problems 

For INTERCEPT1, β0  

    INTERCEPT2, γ00  463.978 0.824 563.113 26 <0.001 

    NSLP, γ01  -0.323 0.135 -2.417 26 0.023 

    MATHPALS, γ02  0.481 1.473 0.326 26 0.747 

For Applied Problems W slope, β1  

    INTERCEPT2, γ10  0.743 0.039 18.956 415 <0.001 

Random Effect 
Standard 

 Deviation 

Variance 

 Component   d.f. χ2 p-value 

MF      

INTERCEPT1, u0 1.212 1.470 26 95.883 <0.001 

level-1, r 2.999 8.938       

AP      

INTERCEPT1, u0 2.590 6.706 26 49.175 0.004 

level-1, r 11.271 127.032       

_____________________________________________________________________ 

Note.  

Model for math fluency:  
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    SP_MF_Wij = γ00 + γ01*NSLPj + γ02*MATHPALSj  

    + γ10*F_MF_Wij  

     + u0j+ rij 

Model for applied math: 

     SP_AP_Wij = γ00 + γ01*NSLPj + γ02*MATHPALS 

    + γ10*F_AP_Wij  

     + u0j+ rij 
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Table 2.5 

Research question 2 – effect of Math PALS on Spring Math Fluency (top) and Applied Math (bottom) 

Child by instruction interaction (Spring Math Fluency CXI with Fall Math Fluency) 

Fixed Effect                        Coefficient 
     Standard 

           error 
         t-ratio 

 Approx. 

         d.f. 
 p-value 

 Math Fluency 

For INTERCEPT1, β0  

    INTERCEPT2, γ00  487.76 0.326 1496.302 26 <0.001 

    NSLP, γ01  -0.091 0.052 -1.761 26 0.090 

    MATHPALS, γ02  -0.011 0.523 -0.021 26 0.983 

For Fall Math Fluency W slope, β1  

    INTERCEPT2, γ10  0.271 0.135 2.011 414 0.045 

    MATHPALS, γ11  0.365 0.165 2.206 414 0.028 

Applied Math 

For INTERCEPT1, β0  

    INTERCEPT2, γ00  463.984 0.828 560.155 26 <0.001 

    NSLP, γ01  -0.324 0.133 -2.433 26 0.022 

    MATHPALS, γ02  0.477 1.472 0.324 26 0.748 

For Fall Applied Problems W slope, β1  

    INTERCEPT2, γ10  0.727 0.058 12.559 414 <0.001 

    MATHPALS, γ11  0.033 0.078 0.430 414 0.668 

Random Effect 
Standard 

 Deviation 

Variance 

 Component   d.f. χ2 

p-

value 

Math Fluency       

INTERCEPT1, u0 
1.213 1.470 26 

98.9

0295 <0.001 

level-1, r 2.933 8.600       

Applied Math      

INTERCEPT1, u0 
2.587 6.690 26 

49.0

2940 0.004 
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level-1, r 11.282 127.280       

Note.  

Model for math fluency:  

SP_MF_Wij = γ00 + γ01*NSLPj + γ02*MATHPALSj  

    + γ10*F_MF_Wij + γ11*MATHPALSj*F_MF_Wij  

     + u0j+ rij 

Model for applied math: 

    SP_AP_Wij = γ00 + γ01*NSLPj + γ02*MATHPALSj  

    + γ10*F_AP_Wij + γ11*MATHPALSj*F_AP_Wij  

     + u0j+ ri 
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Table 2.6 

Comparing Math PALS with A2i-Reading Amount of Time in Peer-managed Small Group Instruction and All Other Instruction Types 

 

Condition Instruction Type Mean Std. Error 95% Confidence Interval     
Lower Bound Upper Bound 

A2i-Reading Other instructional contexts 13.053 0.254 12.554 13.551  
Peer-managed small group 5.853 0.851 4.184 7.522 

Math PALS Other instructional contexts 4.92 0.469 4.001 5.839 

  Peer-managed small group 10.634 0.72 9.223 12.046 

Note. Adjusted R Squared = .085 Dependent Variable Instructional minutes 
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Figure 2.1 Interaction effects of fall Math Fluency on spring Math Fluency by condition  

Results modeled from the 10th to the 90th percentile of the sample. The outcome variable is spring Math Fluency, W score. The red 

line is the Math PALS group; the blue line is the A2i reading group. Fall Math Fluency is grand mean centered at 480 W. 
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Figure 2.2 Time (estimated marginal means of minutes) spent in peer managed activity by condition  

green = the Math PALS condition; blue = the A2i reading condition comparing whole class instruction with peer assisted instruction.  
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Figure 2.3 The types of mathematics instructional content observed in 1st grade mathematics 

classrooms by treatment (Math PALS) and control (A2i-reading) 
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Chapter 3 

 

Contribution of Nonverbal Cognitive Skills on Bilingual Children’s Grammatical 

Performance: Influence of Exposure, Task Type, and Language of Assessment 

 

Abstract 

This study explores the contribution of nonverbal working memory and processing speed 

on bilingual children’s morphosyntactic knowledge, after controlling for language 

exposure. Participants include 307 Spanish–English bilinguals in Kindergarten, second, and 

fourth grade (mean age = 7;8, SD = 18 months). Morphosyntactic knowledge in English and 

Spanish was measured using two separate language tasks: a cloze task and a narrative 

language task. In a series of four hierarchical linear regressions predicting cloze and 

narrative performance in English and Spanish, we evaluate the proportion of variance 

explained after adding (a) English exposure, (b) processing speed and working memory, 

and (c) interaction terms to the model. The results reveal the differential contribution of 

nonverbal cognitive skills across English and Spanish. Cognition was not significantly 

related to performance on either grammatical cloze or narrative tasks in Spanish. Narrative 

tasks in English were significantly predicted by processing speed, after controlling for age 

and exposure. Grammatical cloze tasks in English posed an additional cognitive demand on 

working memory. The findings suggest that cognitive demands vary for bilinguals based on 

the language of assessment and the task.  

Keywords: morphosyntax; nonverbal cognition; bilinguals; processing speed; working 

memory  
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Contribution of Nonverbal Cognitive Skills on Bilingual Children’s Grammatical 

Performance: Influence of Exposure, Task Type, and Language of Assessment 

 

1. Introduction  

Cognition is intricately linked to bilingual development and to language 

development more broadly (Barac and Bialystok 2012). However, the extent to which 

distinct aspects of cognition—such as processing speed and working memory—explain 

bilinguals’ language representations (e.g., morphosyntactic knowledge) in their first (L1) 

and second (L2) languages is not well understood. Our study asks: What is the nature of the 

relationship between nonverbal cognition and morphosyntactic knowledge, and how does 

this relationship change across languages and tasks?  

1.1. The Role of Exposure on Bilingual Language Development  

Bilingual language development is a dynamic process influenced by multiple factors, 

including the amount of a child’s exposure to their L2, the age of a child’s first L2 exposure, 

and the complexity of structures in the input (Bedore et al. 2012). Young Spanish-English 

bilinguals in the United States often begin to learn a second language while their first 

language is still being acquired, which can lead to highly variable performance across the 

L1 and L2 (Sagarra and Herschensohn 2010). For many of these bilinguals in the U.S., L2 

English learning occurs within the context of an immersive L2 environment, in either an 

early education or elementary school setting Oppenheim et al. 2020). A common pattern is 

that children receive support in their first language in early elementary school that is 

gradually withdrawn. As a consequence, many children shift dominance from one language 

to another over time (Bedore et al. 2012; Paradis 2010). Often, the L2 input that bilinguals 

javascript:void(0)
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encounter in their classrooms is more academic in nature. Academic language is 

characterized by decontextualized discourse, and by longer, more complex 

morphosyntactic structures (e.g., subordinate clauses) as compared to the more social and 

routinized discourse of the home language or English used in the wider community (Valdés 

2004). Thus, for these learners, their first L2 exposure is different in terms of both 

language as well as discourse type.  

Earlier age of L2 exposure has been frequently associated with higher L2 proficiency 

(Festman 2021). However, recent research informs the question of how exposure affects 

language development. For instance, one study shows that differential cross-linguistic 

performance is associated with both current exposure as well as linguistic domain (e.g., 

semantics, morphosyntax, and narrative) (Oppenheim et al. 2020). Others have found that 

opportunities to hear and use each language differentially predict language outcomes 

across domains. For instance, among Spanish–English school-age bilinguals, opportunities 

to hear each language have been associated with semantic performance, whereas 

opportunities to use each language have been associated with grammatical performance 

(Bedore et al. 2012; Ribot et al. 2018).  

These domain-related differences can be observed within individuals, as well. Re- 

search by our lab, and others, has shown that bilinguals can be stronger in one area of 

language (i.e., semantics) in one of their two languages, while being dominant in another 

area (i.e., morphosyntax) in the other language (Bedore et al. 2012; Uccelli and Páez 2007; 

Paradis et al. 2003). While exposure may partially explain these “mixed dominance 

profiles” (Festman 2021), it is also possible that different areas of language tap different 

cognitive processes, such as working memory or metacognitive strategies (Duncan and 
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Owen 2000). It remains an open question as to how different aspects of cognition interact 

with expo- sure to explain the language performance, including mixed dominance, of 

school-aged bilingual children.  

1.2. The Role of Working Memory and Processing Speed in Bilingual Development  

In educational contexts, cognition refers to the discrete and interactive mental pro- 

cesses that occur between the presentation of a sensory stimulus (e.g., visual or acoustic 

sig- nal) and the production of a behavioral response (e.g., motor or spoken response). 

Bilingual language acquisition depends in part on verbal cognition, or the processing of 

information through the representation of concepts in morphemes (the smallest units of 

meaning) encoded by phonemes (the smallest contrastive units of sound) (Summers et al. 

2010). Con- versely, nonverbal cognition does not require the representation of linguistic 

information, such as morphemes or phonemes, and is generally thought to be independent 

of language (Bracken and McCallum 1998).  

The theory of cognitive abilities by Cattell–Horn–Carroll (Cattell 1963; Flanagan and 

McGrew 1998) proposes that cognition is multidimensional, featuring domain-general 

aspects of cognition as well as domain-specific aspects of cognition. In this model, domain- 

general cognitive ability supports the more narrow, specified functions of cognition. For 

example, how we process incoming acoustic information and then store that information in 

working memory is domain-general, while the retrieval of information from the lexicon and 

the integration of semantic and morphosyntactic information is domain-specific. Two 

domain-general aspects of cognition are working memory and processing speed.  

Working memory. Working memory refers to the ability to temporarily hold 

information for active use and manipulation. Working memory encompasses both domain-
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general (e.g., capacity limitations) and domain-specific processes (e.g., task-dependent 

coordination and transformation of active information in working memory) (Oberauer 

2004). According to Baddeley’s seminal model (Baddeley 1992, 2012), working memory 

has two domain- specific components: visuospatial working memory, which stores and 

processes visual (nonverbal) information, and phonological working memory, which stores 

and processes speech (verbal) information. Both components of working memory support 

the retention of new information in long-term memory, where information is stored for 

later retrieval and use (Baddeley 1992, 2012). There is abundant evidence that verbal 

working memory impacts language performance (Gathercole and Baddeley 2014; Summers 

et al. 2010). In bilingual adults, greater verbal working memory is positively associated 

with the parsing of morphosyntactically complex sentences (e.g., Hopp 2015; Cunnings 

2017). Evidence with bilingual children also shows that verbal working memory supports 

the short-term processing of the linguistic information often presented on language 

assessments (Oppenheim et al. 2020; Talli and Stavrakaki 2020).  

While these studies show that working memory predicts morphosyntactic 

performance, all of them have targeted verbal working memory. Relevant to the present 

study, emerging research suggests that nonverbal working memory may also be implicated 

in bilinguals’ language performance. Cognitive processing demands inherent to nonverbal 

tasks moderate success in retrieving information for a short time span (Jiao et al. 2019). 

For example, adult bilinguals have been observed to score higher on behavioral measures 

of nonverbal working memory after completing intensive interpreter training (Macnamara 

and Conway 2014). Evidence from bilingual children with language disorders has shown 

that nonverbal visuospatial working memory tasks are more difficult than processing 
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speed tasks for children with language disorders (Durant et al. 2019). However, one 

explanation for this may be that bilingual children use self-talk as a language-based 

strategy to recall and recreate a sequence of pictures even though the task is elicited and 

performed non- verbally. Additional evidence links nonverbal working memory with 

morphosyntactic performance. In a study of 47 Spanish–English bilingual children with 

language disorders, Ebert (2014) showed that nonverbal working memory predicted 

unique variance in morphosyntactic performance in both languages, as measured by 

sentence repetition, after accounting for chronological age and verbal working memory. 

Another study that examined the differential contributions of non-verbal working memory 

to morphosyntactic processing using a grammaticality judgment task in school-aged 

monolingual and simultaneous bilingual children found that monolinguals were more 

sensitive to errors on the grammaticality judgement task than were their simultaneous 

bilingual counterparts (Gangopadhyay et al. 2016). Here, greater working memory was 

associated with performing the grammaticality judgment task only in bilinguals. The 

contribution of working memory to syntactic processing was found only in children with 

lower language skills.  

The contribution of nonverbal working memory on distinct types of language tasks 

used to measure morphosyntactic knowledge, however, remains relatively unknown. As 

language tasks become more complex, the cognitive and linguistic task demands are likely 

to increase, necessitating multiple retrievals from working memory within a short time 

frame (Archibald 2017). It is possible that a sentence repetition task, similar to the one 

used in Ebert (2014), may tap nonverbal working memory differently than a sentence 

completion (cloze) task or narrative recall or generation task. Additional empirical 
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research is needed to understand how nonverbal working memory is associated across 

different tasks of morphosyntax administered to young bilingual children.  

Processing speed. Processing speed refers to the automaticity in the access, 

retrieval, and integration of information (Bracken and McCallum 1998). It is generally 

measured by how quickly an individual is able to successfully complete a task. As with 

working memory, processing speed is both domain-general and domain-specific (and 

verbal or nonverbal), depending on its reliance on language knowledge. Examples of 

processing speed tasks that interact with language include lexical naming tasks, such as 

rapid naming tasks (McMillen et al. 2020). Examples of processing tasks that purport to be 

nonverbal limit the amount of language used in the presentation and administration of the 

task and are designed to elicit a nonverbal (motor) response, such as orienting a shape to 

complete a puzzle (Bracken and McCallum 1998).  

It is generally understood that processing speed is related to the efficiency with 

which bilinguals comprehend and produce language (Clahsen and Felser 2006). The 

processing of morphosyntactic information may be less automatic for bilinguals with 

reduced L2 proficiency (see Sabourin et al. 2003; Weber-Fox and Neville 1996, for 

examples of ERP studies with adult bilinguals). However, this may be due to differences in 

the task type, as there may be costs to processing speed when tasks obligate production 

versus comprehension of language (Paradis 2010). In online processing tasks that require 

children to judge the grammaticality of sentences, bilingual children demonstrate longer 

processing times than their monolingual peers (Chondrogianni et al. 2015a). They are also 

more accurate in these types of comprehension tasks in comparison to production tasks. 

This gap between accuracy of performance on comprehension tasks in comparison to 
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accuracy of performance on production tasks is larger for bilinguals than for monolinguals. 

This asymmetrical performance, where superior performance is found on comprehension, 

suggests that bilingual children have the morphosyntactic representation, but may have 

difficulty with the retrieval process necessary for speedy production (Chondrogianni and 

Marinis 2012; Chondrogianni et al. 2015a, 2015b; Paradis 2010). Nonetheless, sensitivity 

to L2 grammaticality is dependent upon the grammatical structure being tested and the L2 

learner’s proficiency (for an example with adults, see Van Patten et al. 2012). In a 

comparison of simultaneous and sequential bilingual children, Lemmerth and Hopp (2019) 

demonstrated that sequential bilinguals may rely on their L1 morphosyntactic knowledge 

to processes morphosyntactic information in their L2. This indirect processing route may 

slow the processing of morphosyntax.  

1.3. Morphosyntactic Task Complexity and Cognitive Demands  

In educational contexts, language assessments are used to measure 

morphosyntactic knowledge using a variety of tasks. These tasks can elicit responses both 

at the sentence level (e.g., aural/oral cloze tasks) as well as at the level of discourse (e.g., 

narratives). Cloze tasks are perhaps the most commonly used task for evaluating 

morphosyntactic knowledge (Levenston et al. 1984). During a cloze task, children are 

presented with a picture and asked to respond to a prompt with the morphosyntactic form 

that is obligated by the picture and prompt. For example, the Bilingual English Spanish 

Assessment (BESA; Peña et al. 2018) probes use of past tense -ed by prompting, “Today, he 

is walking the dog. Yesterday, he did it, too. What did he do yesterday? Yesterday, he . . . ” 

The expected answer is “walked the dog”. In order to complete a cloze task, children must 

integrate the semantic and morphosyntactic information presented in the prompt, 
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anticipate and produce a semantically related word to complete the sentence, and include 

any obligatory inflectional morphemes. In adult L2 learners, anticipatory language 

processing, which is needed to generate the targeted word form in the cloze task, is 

supported by high levels of working memory capacity as well as exposure (Hopp 2015; 

Sagarra and Herschensohn 2010).  

Narrative tasks present a more integrated semantic, morphosyntactic, and 

pragmatic task. Such tasks can include the retelling of a story previously heard using one’s 

own words or the telling of an original story, often using picture cues. Children have the 

freedom to respond using self-determined words and sentences, with little structure 

provided by the assessor or imposed by the task itself. Children’s narratives are often 

mined for information about their morphosyntax knowledge and lexical-semantic 

knowledge (microstructure) as well as use of story structure (macrostructure). Elements of 

microstructure include grammaticality, mean length of utterance, and clausal density 

(Hipfner-Boucher et al. 2015; Gagarina et al. 2015).  

Performance on grammatical cloze and narrative tasks can reflect a wide range of 

morphosyntactic abilities. On one end of the spectrum are cloze tasks, which are highly 

constrained so as to elicit a single, inflexible response (i.e., walked, marked for past tense -

ed). On the other end are narrative tasks, which are open-ended and virtually 

unconstrained as they allow the speaker to select from grammatically accurate options to 

express the narrative content. The two types of tasks also differ in their contextualization. 

Whereas cloze tasks offer limited context (often only a picture and a brief prompt), 

narrative tasks tend to be highly contextualized, with elaborate pictures and/or plots.  
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Given these differences, it is reasonable to expect that the cognitive demands across 

these two different morphosyntactic tasks may differ (Field 2011). Neuroimaging studies 

have observed higher levels of neural activity for cloze tasks than for multiple choice items 

targeting the same information (Mizumoto et al. 2016). This is hypothesized to reflect both 

domain-general (e.g., attention, processing speed) and domain-specific cognitive processes 

(e.g., grammatical inferencing), as well as working memory. Furthermore, research with 

bilinguals suggests that assessments in the L1 and L2 may pose distinct processing 

demands. Evidence from both sentence repetition tasks (Pratt et al. 2020) and narratives 

(Gutiérrez- Clellen and Peña 2001) show there is an additional processing cost associated 

with language tasks when administered in L2 English to sequential Spanish–English 

bilingual children.  

1.4. Present Study  

Previous literature shows that the extent to which bilinguals’ nonverbal working 

memory and processing speed contribute to performance on tasks of morphosyntax may 

be influenced by the age of the learner, their language exposure, and the type of task being 

performed. The present study focuses on nonverbal cognition, as nonverbal cognition is 

thought to be most independent of language and consequently demonstrative of domain- 

general cognitive abilities (Bracken and McCallum 1998; Cattell 1963). Specifically, we pose 

the following research questions:  

(1) To what extent does exposure, working memory, and processing speed explain 

vari- ability in school-age Spanish–English bilinguals’ performance on cloze and narrative 

tasks?  
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(2) To what extent does exposure, working memory, and processing speed explain 

variability in school-age Spanish–English bilinguals’ performance on these tasks when  

administered in the first versus second language? 

            We hypothesize that students’ nonverbal abilities will differentially interact with 

their language exposure as they complete two kinds of tasks: grammatical cloze tasks and 

narrative tasks.  

            More specifically, we hypothesize that there are distinct nonverbal demands on 

processing speed and working memory. In this study, we ask (a) whether a grammatical 

cloze task and a narrative task pose distinct nonverbal cognitive demands and (b) whether 

these cognitive demands differ across children’s first (L1) and second (L2) languages .  

2. Materials and Methods  

2.1. Participants  

Data for this study were obtained from a larger longitudinal investigation evaluating 

spoken language trajectories for young school-age Spanish–English bilingual children, 

Cross-Language Outcomes of Typical and Atypical Development in Bilinguals (Peña et al. 

2010). Of the 360 children who originally participated in the study, children were excluded 

from this study if they were missing language exposure data (n = 44), missing data on the 

UNIT (n = 8), missing morphosyntax cloze and/or TNL data (English n = 1; Spanish n = 53). 

Our participants were Spanish–English bilingual children (163 girls, 144 boys) in 

kindergarten through fourth grade recruited from the Central Texas area. Children in this 

age range were included in the current investigation because their profiles of language 

skills and shifting language dominance are representative of the broader population of 

young school-age bilinguals in the United States (for an illustration with an overlapping 
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sample of children, see Oppenheim et al. 2020). All children were learning Spanish in the 

home environment as their first language (age of English acquisition M = 2.3 years, SD = 

1.92) and had a range of English exposure (M = 56.84%, SD = 26.85). Children attended a 

variety of educational programs, including one and two-way dual immersion programs, as 

well as English as a second language programs, and some children were in English-only 

instruction. Thus, children had between 0 and 100% exposure to Spanish and English at 

school. For this study, we had complete data for 307 children for the English analyses and 

254 children from the Spanish analyses. See Table 3.1 for demographic data. 

Approximately 14% of the children participating in the larger longitudinal study were 

diagnosed with developmental language disorder (DLD), based on converging evidence 

about language ability from licensed speech-language pathologists. Aligned with recent 

criteria for diagnosis of DLD (i.e., Bishop et al. 2017, we did not exclude children who 

performed 1.5 standard deviations below the mean on our nonverbal intelligence measure 

(see Table 3.1 for descriptive information on nonverbal IQ scores for our sample). Based on 

these criteria, this prevalence rate is slightly elevated from recent population studies, 

evaluating the prevalence of DLD (Norbury et al. 2016). In the larger study from which 

these data are derived, we sampled children at risk for DLD, based on their screening 

scores in year 0. For the current study, we did not exclude these children as they are 

representative of an educational sample featuring the full range of cognitive and linguistic 

abilities.  

Table 3.1 Descriptive demographic information.  

[Insert Table 3.1] 
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2.2. Procedures  

All data were collected during the first year of the longitudinal study. Testing occurred in 

quiet locations within the children’s schools over 4–5 sessions lasting 30 to 45 min each. 

The order and language of testing was randomized across participants, and tests were ad- 

ministered by trained bilingual examiners and certified speech language pathologists who 

had experience working with bilingual school-age children. Measures of nonverbal ability 

were originally given in additional to the comprehensive battery of language measures to 

better inform how domain general and specific factors impact children’s performance on 

language-based tasks, including tasks on the BESA. Descriptions of tasks that are of interest 

for the current study are as follows. Procedures were approved by the Institutional Review 

Board of The University of Texas at Austin, 2009-11-0110.  

2.3. Language Exposure  

Children’s language exposure was collected using the Bilingual Input–Output Survey (BIOS; 

Peña et al. 2018). Parents reported on each child’s language input and output in the home 

environment on an hour-by-hour basis during a typical weekday and a typical weekend 

day. Language input and output was also obtained from teachers for children’s typical 

school day. Language input at home and school was combined to create a composite 

language exposure measure and averaged across the week for a percent exposure for each 

language. For this study, we used percentage of English exposure as the variable in our 

statistical analyses.  

2.4. Measures of Nonverbal Cognitive Ability  

Nonverbal cognitive ability was measured using the Universal Nonverbal Intelligence Test 

(UNIT; Bracken and McCallum 1998), which is a measure of general intelligence for 
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children 5 to 17 years of age. Critically, the administration of this test does not require 

language, and children are not required to respond verbally. Nonverbal working memory 

and processing speed are the two cognitive constructs measured by the subtests in the 

UNIT. The two subtests on the UNIT in the abbreviated IQ composite are (1) symbolic 

memory, which assesses working memory via short-term visual recall of content, location, 

and sequence, and (2) cube design, which assesses processing speed via pattern 

processing, problem solving, understanding of relationships, and planning abilities.  

Symbolic Memory. This subtest measures nonverbal working memory. The child is 

presented with a series of simple pictures and asked to replicate the sequence. The child 

replicates the sequence of drawings using cards featuring the drawings.  

Cube Design. This subtest is a timed measure of processing speed. The child uses 

colored blocks to replicate a pictured model. The child sees pictures of green and white 

blocks arranged in a specific structure. Then, the child must use green and white blocks to 

replicate the model structure in the picture within a limited amount of time (Bracken and 

McCallum 1998). See Durant et al. (2019) for additional information concerning 

administration and reliability with Spanish–English bilingual children.  

2.5. Morphosyntactic Ability  

Cloze. Cloze items were derived from children’s performance on the morphosyntax 

subtests of the Bilingual English Spanish Assessment (BESA; Peña et al. 2018) and the 

Bilingual English Spanish Assessment—Middle Extension Field Test Version (BESA-ME; 

Peña et al. 2016). The BESA was used for children ages 4;0 to 6;11 while the BESA-ME was 

used with children 7;0 to 11;0. The BESA presents 18 grammatical cloze items in English 

and 19 grammatical cloze items in Spanish; the BESA-ME contains 37 grammatical cloze 
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items in English and 38 grammatical cloze items in Spanish. Differences in the number and 

type of cloze items were included for each language to account for cultural- and language-

based variations in children’s knowledge. Morphosyntactic constructions in each language 

that are known to be challenging for bilingual children with language impairment (e.g., past 

tense -ed, third person present tense -s, and copula in English; direct object clitics, passives, 

and subjunctive in Spanish) and serve as clinical markers for DLD (see Bedore et al. 2018, 

for additional discussion of clinical markers) are specifically targeted within these tests to 

maximize differences by language ability. An example of a cloze item targeting irregular 

past tense in English includes “Today, she is eating a banana. And yesterday, she did it too. 

What did she do yesterday? Yesterday she______” (response: ate the banana). Children’s raw 

scores across all items were summed and divided by the total possible score, yielding a 

percent accuracy for the cloze task.  

Narratives. Children also completed the Test of Narrative Language in English (TNL; 

Gillam and Pearson 2004) and in Spanish (TNL-S; Gillam et al. Forthcoming, in develop- 

ment). The TNL is a standardized measure used to assess multiple aspects of children’s 

narrative production and comprehension, including listening comprehension, sequencing, 

short-term memory, and story cohesion and coherence. The TNL-S is an experimental 

measure comprising stories and narrative tasks that are as nearly identical in structure and 

type to those on the TNL English version. The present study compiled test items, 

specifically targeting morphosyntactic forms which capture children’s morphosyntactic 

knowledge; these items comprise a morphosyntactic composite.  

The morphosyntactic composite, described in Table A1 in Appendix A, is derived 

from children’s performance on two narrative production tasks in each language. In the 
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first task, children tell a story based on a sequence of a pictures; in the second task, 

children tell a story about a single picture. The composite includes nine items per language: 

two items assessing temporal relationships, two items assessing causal relationships, two 

items assessing grammaticality, two items assessing use of tense, and one item assessing 

the consistent use of references/pronouns. All items are scored on a 3-point scale, such 

that a 0 indicates absent/poor performance, a 1 indicates incomplete/inconsistent 

performance, and a 2 indicates complete/accurate performance. For instance, the item 

evaluating grammaticality reads, “0 = three or more grammatical errors; 1 = one or more 

grammatical errors; 2 = no grammatical errors”. Children’s raw scores ranged from 0 to 18 

in each language. Scores were summed and divided by 18 to yield a percentage accuracy for 

each language. (For further information see Appendix Table 3.2).  

2.6. Analytical Strategy  

Less than 20% of data for each variable of interest was missing and missing data 

were deleted listwise. Prior to exploring concurrent relationships between morphosyn- 

tactic variables and predictor variables, we conducted zero-order correlations to explore 

the bivariate relationships between morphosyntactic scores on grammatical cloze tasks 

and narrative tasks in both languages with each of the predictors: English input/output, 

working memory, and processing speed. Four hierarchical linear regressions were con- 

ducted as a follow-up analysis to the correlation analysis, as this analysis allows us to 

assess the unique contribution of each independent variable to morphosyntax, relative to 

other predictors. After controlling for age, we entered in subsequent blocks (a) English 

exposure, (b) processing speed and working memory, and (c) interactions between ex- 

posure and cognition, to find the combination of variables most highly associated with 



 

 74 

morphosyntax scores in each language. We then considered the role of language input and 

cognition on morphosyntax using children’s scores from their stronger vs. weaker language 

performance.  

3. Results  

The present study aimed to explore the effects of exposure and cognition on 

bilingual children’s performance on two tasks measuring morphosyntax: a grammatical 

cloze task and a narrative task. Prior to the main analyses, we conducted a preliminary 

examination of central tendencies of the data. Histograms and Q-Q plots showed normal 

distribution of scores on all measures in both languages, skewness and kurtosis fell within 

the acceptable range of −2 to 2, and Shapiro–Wilk statistical tests of normality were non-

significant at an alpha of 0.05. Ranges, means, and standard deviations for all child-direct 

measures are presented in Table 3.2. On average, participants scored near 50% on both 

morphosyntax tasks, with large standard deviations. The range of scores spanned floor 

(0%) to ceiling (100%), as is characteristic of school-based bilingual population.  

[Insert Table 3.2] 

Note: a = scores derived from BESA (Peña et al. 2018) or BESA-ME (Peña et al. 2016); b = 

scores derived from TNL (Gillam and Pearson 2004) and TNL-S (Gillam et al. Forthcoming; 

in development); c = scores derived from the Symbolic Memory Symbolic Memory 

(working memory) and Cube Design (processing speed) subtests on the UNIT (Bracken and 

McCallum 1998).  

Bivariate correlations between age, English exposure, and all observed 

morphosyntactic and cognitive variables are presented in Table 3.3. Age was significantly 

and positively related to all measures, with the exception of the Spanish cloze task, with 
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effect sizes ranging from moderate (age; r = 0.39, p < 0.01) to large (processing speed; r = 

0.60, p < 0.01). Thus, partial correlations between English exposure and all observed 

morphosyntactic and cognitive variables, controlling for age, are also presented in Table 

3.3 below the diagonal. 

[Insert Table 3.3] 

3.1. Hierarchical Multiple Regressions  

A series of hierarchical multiple regression models were computed to predict gram- 

matical cloze and narrative morphosyntax scores in both English and Spanish. Predictor 

variables were added one block at a time in order to evaluate the unique contribution of 

each additional predictor to the model. In all models, age was entered first to control for 

developmental effects in subsequent blocks. All models featured the same forced entry of 

predictors across four blocks: (1) at block one, age was entered; (2) at block two, English 

ex- posure was entered; (3) at block three, the two nonverbal cognitive variables were 

entered (working memory and processing speed); (4) finally, at block four, the two 

interaction terms between input and each of the cognitive variables were entered. We 

centered all variables in the analyses. Centered variables were calculated by subtracting 

the mean (a constant) from each score, X. Centering is an important step when testing 

interaction effects of XY in multiple regression, as using uncentered scores can affect 

collinearity and the interpretation of interaction results in hierarchical multiple regression 

(Aiken et al. 1991).  

We tested for multicollinearity upon running the hierarchical regression models, 

using variance inflation factors (VIF) and tolerance. As recommended, VIF was computed 

only after first centering variables (Freund et al. 2003). When VIF values exceed 4.00 or 
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tolerance levels are less than 0.20, the assumptions of non-collinearity may be violated 

(Hair et al. 2013). For our data, all VIF values were less than 2.28 and all tolerance values 

were greater than 0.44.  

3.2. Predicting Performance on Cloze Tasks in English and Spanish  

English cloze results are shown in the upper half of Table 4. The addition of 

predictor variables at all four blocks yielded significant improvement in variance 

explained. At block one, age accounted for 33% (adjusted R2 = 0.32) of the variation in 

children’s English cloze scores, F (1, 302) = 145.35, p < 0.01. At block two, English exposure 

explained an additional 21% of variance (adjusted R2 = 0.53), F (1, 301) = 133.10, p < 0.01. 

At block three, working memory and processing speed accounted for 3% of additional 

variance (adjusted R2 = 0.56), F (2, 299) = 10.07, p < 0.01. At block four, the interaction 

terms of exposure-by-working memory and exposure-by-processing speed accounted for 

an additional 1% of variance, F (2, 297) = 4.55, p = 0.01. However, examination of 

univariate t-tests reveals that exposure-by- processing speed is the only interaction term 

with univariate significance (part correlation = −0.08, see Figure 1). After four blocks, the 

resulting model accounted for approximately 57% of variability in children’s English cloze 

scores, with age, exposure, working memory, processing speed, and exposure-by-

processing speed retaining individual significance.  

[Insert Table 3.4] 

[Insert Figure 3.1] 

 

Spanish cloze results are shown in the bottom half of Table 3.4. In contrast to 

English  
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cloze results, only the addition of English exposure at block 2 explained significant vari-  

cloze results, only the addition of English exposure at block 2 explained significant varia-  

ability. At block one, age accounted for just 0.2% of variability, F (1, 269) = 0.412, p = 0.521. 

bility. At block one, age accounted for just 0.2% of variability, F (1, 269) = 0.412, p = 0.521.  

Atblocktwo,Englishexposureaccountedfor22%ofvariability(adjus2tedR2=0.22),F At block 

two, English exposure accounted for 22% of variability (adjusted R = 0.22), F (1,  

(1, 268) = 77.02, p < 0.01. At block three, the addition of working memory and processing 

268) = 77.02, p < 0.01. At block three, the addition of working memory and processing  

speed did not significantly improve variance accounted for, F (2, 266) = 2.08, p = 0.127. 

Part speed did not significantly improve variance accounted for, F (2, 266) = 2.08, p = 

0.127. Part correlations for working memory and processing speed, respectively, totaled 

0.10 and 0.01, correlations for working memory and processing speed, respectively, totaled 

0.10 and indicating that less than 1% of variance in Spanish cloze scores was uniquely 

explained 0.01, indicating that less than 1% of variance in Spanish cloze scores was 

uniquely explained by cognition. At block four, the addition of the interaction terms 

between exposure and explained by cognition. At block four, the addition of the interaction 

terms between exposure and cognition was not significant, F (2, 264) = 2.10, p = 0.124. The 

resulting model accounted for sure and cognition was not significant, F (2, 264) = 2.10, p = 

0.124. The resulting model approximately 25% of variability in children’s English SR scores 

(adjusted R2 = 0.23), with accounted for approximately 25% of variability in children’s 

English SR scores (adjusted English exposure as the only significant predictor.  

 

3.3. Predicting Performance on Narrative Tasks in English and Spanish  
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Next, we explored the contribution of exposure and cognition on morphosyntactic scores 

collected using a more naturalistic narrative language task. Table 3.5 features English 

narrative results. As with the English cloze task, the addition of age, exposure, and the two 

cognitive variables explained significant variance. At block one, age accounted for 29% 

(adjusted R2 = 0.28) of the variation in children’s English cloze, F (1, 302) = 120.57, p < 

0.01. At block two, English exposure significantly improved the overall variance and 

accounted for 9% additional variance (adjusted R2 = 0.37), F (1, 301) = 41.71, p < 0.01. At 

block three, working memory and processing accounted for 3% of additional variance 

(adjusted R2 = 0.56), F (2, 299) = 8.32, p < 0.01. However, only processing speed retained 

univariate significance, t(1, 299) = 3.02, p = 0.003. At block four, the interaction terms of 

exposure-by-working memory and exposure-by-processing speed were not significant. The 

resulting model accounted for approximately 40% of variability in children’s English cloze 

scores, with age, exposure, and processing speed retaining individual significance.  

[Insert Table 3.5] 

Spanish narrative results are shown in the bottom half of Table 5. As with English 

narrative results, age and exposure explained significant variability. At block one, age 

accounted for 15% of variability, F (1, 248) = 45.51, p < 0.01 and at block two, English 

exposure accounted for 6% of additional variance (adjusted R2 = 0.21), F (1, 268) = 77.02, 

p < 0.01. At block three, the addition of working memory and processing speed did not 

significantly improve variance accounted for, F (2, 245) = 0.38, p = 0.69, nor did the 

addition of interaction terms at block four, F (2, 243) = 2.343, p = 0.09. After four blocks, 

the resulting model accounted for approximately 24% of variability in children’s Spanish 

narrative scores (adjusted R2 = 0.21), with age and English exposure the only significant 
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predictors. For the sake of thoroughness, interaction terms with age were also tested and 

entered into all models. None of the interactions were significant and, for parsimony, we 

excluded them from all models.  

3.4. Predicting Performance on Cloze Tasks Based on Language Dominance  

Given the differential predictors of morphosyntactic performance across English 

and Spanish, we further explored the role of input and cognition on morphosyntax using 

children’s scores from their stronger vs. weaker language performance. Stronger language 

performance was determined by taking the higher of the two cloze scores across both 

languages, whereas weaker language performance was determined by taking the lower of 

the cloze two scores. Only children with complete testing data in both languages for the 

cloze task (n = 270) and the narrative task (n = 249) were included in follow-up language 

dominance analyses. Table 6 reports the number and percentage of children who scored 

better in English or Spanish on cloze and narrative tasks, among those without any missing 

data. Note that a majority of children (65%) were dominant in the same language on both 

tasks; however, 35% of children showed mixed dominance across tasks, scoring better in 

one language for one task and the other language on the other task.  

[Insert Table 3.6] 

Results for weaker and stronger cloze performance are displayed in the upper and 

lower halves of Table 3.7, respectively. We consider the weaker language performance first. 

After controlling for age at block one F (1, 268) = 60.47, p < 0.001, English exposure 

explained 6% additional variance at block two, F (1, 267) = 20.97, p < 0.001. The β 

coefficient was negative, indicating, with higher exposure to English, that the cloze scores 

in their weaker language were lower (recall that for half of participants the weaker cloze 
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performance occurred in English and for the other half of participants the weaker cloze 

performance occurred in Spanish). At block three, working memory and processing speed 

explained 4% additional variance (adjusted R2 = 0.27), F (2, 265) = 6.63, p = 0.002; yet, 

only working memory retained univariate significance. At block four, interaction terms 

explained an additional 5% of variability, F (2, 263) = 10.18, p < 0.001; and only exposure-

by-processing speed retained univariate significance. Again, the β coefficient was negative, 

meaning that processing speed was more strongly associated with cloze performance in 

the weaker language among children with low exposure to English. The resulting model 

accounted for approximately 33% of variability in children’s cloze scores in their weaker 

language, with age, exposure, working memory, and exposure-by-processing speed all 

retaining individual significance.  

[Insert Table 3.7] 

In contrast, exposure was the only predictor that significantly explained children’s 

morphosyntactic scores in their stronger language. At block one, age accounted for 10% of 

variance in scores. At block two, English exposure significantly improved the variance 

accounted for to 15%, F (1, 267) = 15.13, p < 0.001. The addition of cognitive variables and 

interaction terms were not significantly related to morphosyntactic outcomes at blocks 

three and four.  

3.5. Predicting Performance on Narrative Tasks Based on Language Dominance  

Table 3.8 depicts children’s narrative scores in their weaker and stronger language. 

In the weaker language, only the addition of age at block one yielded significant change in 

variance accounted for, F (1, 247) = 108.91, p < 0.001, explaining 31% of variability. An 

analysis of all predictors present in the model at block four revealed that the interaction of 
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exposure-by-processing speed was also significant (t = −2.13, p = 0.026). The part 

correlation of the interaction was weak (r = −0.11), explaining 1.25% of unique variability 

in the final model.  

[Insert Table 3.8] 

 

Similarly, the model predicting narrative scores in the stronger language also 

showed a significant change in variance accounted for at block one (adjusted R2 = 0.31) 

with the addition of age, F (1, 247) = 113.10, p < 0.001. As with the weaker language, 

exposure accounted for no additional significant variability at block two, F (1, 246) = 0.00, 

p = 0.993. At block three, working memory and processing accounted for 2% of additional 

variance (adjusted R2 = 0.32), F (2, 244) = 3.28, p = 0.039. However, only age reached 

univariate significance. At block four, the interaction terms of exposure-by-working 

memory and exposure-by-processing speed were not significant, F (2, 242) = 2.91, p = 

0.056. After four blocks, the final model accounted for approximately 35% of variability in 

children’s stronger narrative, with age and exposure-by-working memory retaining 

individual significance.  

4. Discussion  

The purpose of this paper was to examine potential differential contributions of 

nonverbal cognitive processing to morphosyntactic task performance. We found that 

nonverbal cognitive skills predicted children’s performance differently on grammatical 

cloze versus narrative tasks. In children’s L1 (Spanish), cognition was not significantly 

related to performance on either grammatical cloze or narrative tasks. Performance on 

narrative tasks in children’s L2 (English) was significantly predicted by processing speed, 
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after controlling for age and exposure. Grammatical cloze tasks in children’s L2 (English) 

posed an additional cognitive demand on working memory, as well as processing speed. 

Overall findings suggest the cognitive demands of assessment vary for bilinguals based 

upon the language and type of assessment.  

In order to approach morphosyntactic tasks in a broadly informative way, we used 

language tasks that target sentence-level (grammatical cloze tasks) and discourse-level 

(narrative tasks) language. We temper this by being very clear that a grammatical cloze 

task may, in some ways, prime children to complete the task (Shin and Kiel 2009). This is 

due to the nature of grammatical cloze tasks, which elicit a target word that is very similar 

to words embedded earlier in the test item. For example, a grammatical cloze item may 

read: “The boys swim every day. Yesterday they _____”. Because the word “swim” appears 

within the test item, the child may be cognitively primed to choose the word “swam”. The 

narrative tasks on the TNL asked children to both recount stories from their own 

experience and to retell stories they had heard. These grammatical cloze and narrative 

tasks can be conceptualized as being on opposite ends of a continuum, in regard to both 

their contextual support and formality. The grammatical cloze tasks were closed-ended, 

more formal in nature, and lower in contextualization when compared to narrative tasks. 

Thus, during cloze tasks, children are not asked to use language in a naturalistic way, as 

one would when recounting an experience. In contrast, the narrative tasks were open-

ended, less formal, and featured images for contextualization. Given these differences, we 

hypothesized that the distinct morphosyntactic tasks may tap different cognitive 

processing capacities. We also hypothesized that, for our sample of children, who represent 

a bilingual population, tasks in English and Spanish may tap cognitive skills differently.  
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We found a differential contribution of nonverbal cognitive skills on children’s 

performance on grammatical cloze versus narrative tasks in English, suggesting that, for 

bilingual students, domain general nonverbal cognitive skills are tapped differently across 

distinct tasks. Specifically, an additional 3% of variability in cloze performance in English 

was explained by the addition of working memory and processing speed (after controlling 

for age and exposure). An additional 4% of variability in narrative performance in English 

was explained by the addition of working memory and processing speed, although only 

processing speed retained univariate significance (p < 0.05). These results may reflect the 

priming effect that exists in grammatical cloze tasks (Bock 1986; Shin and Kiel 2009; Shin 

and Kiel 2012) but is less apparent in narrative tasks. Priming and automaticity may go 

hand in hand with the automaticity of cloze responses, particularly as children become 

more familiar with their second language and are able to process the task more quickly (for 

example, as seen in gating tasks) (Marshall and van der Lely 2008).  

Our results also found that these cognitive processes are differentially taxed across 

children’s first and second language. Cognition was not significantly related to performance 

in the L1 on any tasks. One explanation for this finding may be that a bilingual performing 

morphosyntactic tasks in their L2 utilizes nonverbal cognitive skills to a greater degree 

than a bilingual performing identical tasks in their L1, because verbal abilities are less 

robust in their L2. Bilinguals may use their nonverbal cognitive skills in a compensatory 

way when completing language tasks in the L2, to support verbal skills that are still in 

development.  

These findings are consistent with those from previous investigations on cognitive 

processing among bilinguals, showing a differential taxation of cognitive processes, as 
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indicated by performance on grammatical tasks (Da Fontoura and Siegel 1995; Abu-Rabia 

and Siegel 2002). The additional processing cost in the L2 may stem from the cognitive 

demands inherent in cloze tasks: interpreting the cloze sentence’s meaning, choosing the 

missing word, and producing it in its grammatically correct form, all in the L2. We posit 

that grammar in an L2 may not be as automatic as it is in an L1, in alignment with our 

hypothesis. Given these findings, students completing the grammatical cloze task in the L2 

must utilize their cognitive skills to a greater extent than they would in their L1, in order to 

produce language in the L2.  

Narrative tasks in the L2 also taxed children’s processing speed more than 

narratives produced in the L1, implicating larger task demands for L2. Importantly, this 

finding implies that, while bilingual students are often able to complete language-based 

narrative assessments in their L2, the processing demands required to successfully 

perform these tasks are differentially impacted according to the language (L1 or L2) of the 

task. Narrative tasks completed in the L2 may be more difficult for bilingual students than 

narrative tasks in the L1. The relative difficulty of an assessment task, based upon the test 

taker’s language status, is an important consideration for practitioners and creators of 

assessments.  

4.1. A Balance of Tasks  

Given that bilingual children are not two monolinguals in one cognitive system, but 

rather, bilinguals are learners of multiple languages which develop over time, we wanted to 

consider whether there were patterns of cognitive contribution which were reflective of 

the child’s weaker or stronger language. Additionally, we wanted to consider weaker 

versus stronger language and task demands in light of recent findings on how a child’s 
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dominant language is not always their first language (Oppenheim et al. 2020). Therefore, 

language strength is not as simple as “L1” and “L2”. Weaker versus stronger may be a more 

useful conceptualization of bilinguals. For our Texas-based sample, in particular, children 

do not simply learn another language, such as English, in a formal language class later in 

schooling. They live in bilingual realities. This balance of languages via exposure in their 

environments is such that the language that is not their L1 may become more dominant as 

they are exposed to things such as more formal schooling, older siblings, media, and 

friends.  

Thus, we considered a child’s stronger and weaker performance on each of the 

language tasks (see Table 3.6). Of children with complete data in both languages, (n = 250), 

we conducted follow-up analyses to look at patterns across the language in which they 

performed more accurately (i.e., stronger language) vs. less accurately (i.e., weaker). Not 

surprisingly, children’s performance in their weaker language on cloze tasks was 

associated with a higher processing cost. This was not true for stronger language 

performance cloze tasks. There was no significant relationship between our study’s 

cognitive factors and performance on narrative tasks in either strong or weaker language. 

That is, we did not find a significant relationship between morphosyntactic skills when 

measured by narrative tasks and working memory or processing speed. This null 

relationship was observed in both the weaker and stronger language. Recall that the 

narrative language tasks are less structured, more contextualized tasks. In these ways they 

are a more ecologically valid language task. So, it may be that when completing narrative 

tasks, children are more relaxed and/or more practiced or habituated to thinking in and 

talking in the manner of telling narratives. There are also more ways to be correct when 
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telling a narrative versus the relatively narrowly correct way to answer the grammatical 

cloze task items. These provide a possible explanation for why we did not find a cognitive 

contribution in either strong or weak language (regardless of the language being English or 

Spanish) on the grammatical narrative task, though this merits further research.  

There were interaction effects when we considered language exposure and 

performance on tasks in children’s weaker or stronger language. There was a negative 

association between Spanish cloze task performance when effects were interacted with 

higher English language exposure for children who performed weaker on the cloze task in 

Spanish. This was logical, given that increased exposure to English will negatively impact 

grammatical cloze performance in Spanish (See Table 3.7). This is possibly because of the 

higher processing demands of having to complete tasks in Spanish when students are being 

exposed to English at higher rates. As exposure to English increases, children theoretically 

become further and further away from a “balanced” profile of exposure. In fact, children 

have been shown to switch in language dominance from their L1 to their L2 (Oppenheim et 

al. 2020).  

 

An additional explanation for this phenomenon is that, among children who have 

low cumulative English exposure and whose weaker language is English, high current 

exposure to English may not necessarily result in immediate increased accuracy on an 

English grammatical task. It is possible there is U-shaped learning—that is, children who 

are early learners of English may perform in a less standardized grammatical way before 

they perform in a more standardized grammatical way (i.e., overgeneralization of rules 

governing regular and irregular cases) (Kuczaj 1977).  
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For children who have high English exposure, and whose weaker of two languages 

is, nonetheless, English, it might be the case that these children represent the bottom 15% 

of learners, who are low in both English and Spanish, regardless of exposure. This could 

also be an effect of the nature of the children’s English exposure. We only collected data on 

the quantity of language that children were exposed to via self-report. We do not collect 

any direct data on the quality/nature of this English exposure. It is possible that this 

measure is missing some essential aspects of English language exposure that might explain 

this negative relationship.  

4.2. Findings in Light of the Theory of Cognitive Abilities  

There are different potential reasons for our various findings that can best be un- 

derstood via our theoretical framework of the theory of cognitive abilities. Recall that our 

study and hypotheses were grounded in the theory of cognitive abilities by Cattell– Horn–

Carroll (Cattell 1963; Flanagan and McGrew 1998). This framework posits that domain 

general factors we tested (working memory and processing speed) may support the 

completion of formal educational assessment tasks. Cattell–Horn–Carroll (Cattell 1963; 

Flanagan and McGrew 1998) posited that intelligence is made up of abilities at both the 

domain-general level and at the domain-specific level. It is important to note that domain- 

specific abilities are often supported by domain-general abilities. An example would be 

working memory capacity (domain general) supporting the domain-specific abilities of 

language that are used to manipulate language on an assessment task. We can see this type 

of functioning in using language to complete a grammatical cloze task. We must bear in 

mind that as domain-general factors support domain-specific tasks, these mechanisms are 

not always cleanly delineated. For example, students may use auditory working memory to 
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hold phonological sequence representations in order to complete grammatical cloze tasks 

(Park et al. 2015). Such complex relationships may explain the joint contributions of 

cognitive factors on English grammatical cloze tasks.  

4.3. Implications  

Our study and findings suggest implications for bilingual language assessment best 

practice. The ways in which nonverbal cognitive skills support language task performance 

may inform supports for remediating possible linguistic deficits. This is one reason why it 

is important to test a child in both languages, document their exposure, and understand 

that up to 10% of children’s performance on certain tasks (such as grammatical cloze 

tasks) may be explained by cognition and not language. While grammatical narrative tasks 

did not tap cognitive factors in a statistically significant way (for either language, whether 

weak or strong) it may be that language tasks which are closed-ended and low in 

contextualization are, by their nature, tapping different skills based upon the child’s 

language status. Additionally, an assessment which does not take into account a child’s 

amount of exposure to the language being measured may lack clarity around the cognitive 

processes at work behind a bilingual child’s performance.  

The implicit differential cognitive demands across children’s languages and 

language- based tasks have implications for assessment and clinical practice. First, 

assessments used to determine eligibility for language services or educational testing 

should consider both of the child’s languages, not only the language that is considered to be 

dominate. This is consistent with recommendations for clinical practice (Bedore and Peña 

2008; Bedore et al. 2012). While this is not always possible as standardized assessment 

measures evaluating a child’s first language are not always available, our findings support 
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previous positions (i.e., Bedore et al. 2012) describing the importance of information on the 

child’s development in their first language for acquiring the most accurate picture of their 

linguistic ability. We additionally propose that—beyond the language of the task—

examiners should consider the demands of the language task, including the task type and 

morphosyntactic structures embedded in the task, as this will differentially tax the child’s 

cognitive load. This is particularly important as morphosyntactic forms are considered 

clinical markers for identifying children with developmental language disorder (Bedore et 

al. 2018).  

Additionally, the ways in which we consider and interpret studies of language profi- 

ciency and/or disability versus difference that do not account for nonverbal factors may 

shift somewhat if our findings are replicated and garner further attention. Additionally, 

practitioners (including teachers and pediatricians), as well as parents, can be made 

further aware of the ways in which potential difficulty with language and ultimately 

literacy (Kim et al. 2015) may be signaled by children’s ability or inability to perform 

certain kinds of tasks, which may include nonverbal tasks.  

Many of the current educational practices for bilingual instruction and assessment 

are not yet evidence based. This is in part because of the ongoing debate about the validity 

of studying bilingual’s cognition and the ways in which the fields of education, linguistics 

and cognition generally consider the importance of studying bilingual cognition. As 

mentioned, academic inquiry about bilingual’s cognition has generally sought to elucidate 

some added cognitive benefit of bilingualism versus the elucidation of subtle differences in 

cognition in a second language. For example, studies have focused on whether or not being 
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bilingual enhances such domain-general cognitive factors as executive function (Crivello et 

al. 2016; Dick et al. 2019).  

4.4. Limitations  

We acknowledge that bilingualism as a whole involves languages other than En- 

glish and Spanish. Additionally, we are reporting on the findings of language use in a 

particular context and setting which may or may not generalize to other contexts and 

settings. This includes, but is not limited to, the cultural and policy environments of Texas 

and its complicated histories and attitudes towards bilingualism, particularly in public 

school settings.  

We acknowledge that our findings may not be fully generalizable to all bilingual 

testing. Running these analyses with speakers of other languages (and in other areas) 

might have yielded different results. Our study also examined kindergarteners through 

fourth graders and these results may vary by age of participants.  

4.5. Future Directions  

Examining processing speed in typically developing (TD) and developmental 

language disorder (DLD) populations of mono and bi-lingual students may provide insights 

into the cross-linguistic differences of TD and DLD manifestations in cognition. These po- 

tential differences in processing speeds may vary according to task demands and cognitive 

domain-general and domain-specific processes. Additionally, implications for the findings 

of our current study point toward possible ways in which nonverbal and verbal skills are 

tapped according to child-level language exposure, which could potentially vary by not only 

the child’s language proficiency status but also their typicality or atypicality (disability). In 

the future, by exploring the ways in which nonverbal cognitive factors function for typical 
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and atypical bilinguals, we may better understand and evaluate students with language 

difference, language disability, and those with both difference and disability.  
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Table 3.1 Descriptive demographic information. 

Demographic Information    

 Range Mean (SD) 

Age (months) 61–138 92.22 (18.67) 

English exposure (% week) 0–100 56.84 (26.85) 

Age of 1st English exposure 

(years) 
0–6 2.30 (1.92) 

SES a 0–7 3.01 (1.73) 

Nonverbal IQ b 60–132 100.48 (14.57) 

Gender 47% male 

Ethnicity 99% Hispanic 
Note: a = Hollingshead score (Hollingshead 1973); b = scores derived from the abbreviated nonverbal IQ composite on 
the Universal Nonverbal Intelligence Test (UNIT; Bracken and McCallum, 1998). 
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Table 3.2 Morphosyntactic performance (by language) and nonverbal cognitive performance. 

 

Morphosyntax      English:       Spanish:     Best Language: 
 Range Mean (SD) Mean (SD) Mean (SD) 

Cloze a (% correct) 0–100 53.36 
(29.28

) 
48.42 

(25.5

2) 
66.19 (20.70) 

Narrative b (% correct) 0–100 43.23 
(23.89

) 
54.68 

(23.6

7) 
61.78 (18.47) 

        

Cognition        

 Range Mean (SD)     

Working memory c 0–25 9.28 4.53     

Processing speed c 0–43  16.22 8.08     
        

Note: a = scores derived from BESA (Peña et al., 2018) or BESA-ME (Peña et al., 2016); b = scores derived from TNL (Gillam and Pearson, 

2004) and TNL-S (Gillam et al.; in development); c = scores derived from the Symbolic Memory Symbolic Memory (working memory) and 

Cube Design (processing speed) subtests on the UNIT (Bracken and McCallum, 1998). 
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Table 3.3 Bivariate correlations above the diagonal; partial correlations, controlling for age, below 

the diagonal. 

 

 2. 

Exp 

3. 

WM 

4. 

PS 

5. 

Eng. cl 

6. 

Sp cl 

7. 

Eng. narr 

8. 

Sp. narr. 

1. Age  0.36 ** 0.57 ** 0.60 ** 0.57 ** −0.04  0.53 ** 0.39 ** 

2. Exposure -- 0.14 * 0.26 ** 0.63 ** −0.44 **  0.46 ** 0.00 

3. Working memory −0.02 -- 0.51 ** 0.40 **  0.10  0.39 ** 0.27 ** 

4. Processing speed  0.06 0.25 ** -- 0.46 ** −0.02  0.46 ** 0.23 ** 

5. English cloze  0.35 ** 0.20 ** 0.21 ** -- −0.05  0.68 ** 0.28 ** 

6. Spanish cloze −0.24 ** 0.10 0.03 0.15 * -- −0.03 0.52 ** 

7. English narrative  0.25 ** 0.12 0.20 ** 0.53 **  0.10 -- 0.26 ** 

8. Spanish narrative −0.28 0.06 0.00 0.04  0.60 **  0.04 -- 
* = p < 0.05; ** = p < 0.01. 
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Table 3.4 Model summaries of regressions predicting morphosyntax using cloze tasks. 

 
  Block 1  Block 2  Block 3  Block 4  
  β t β t β t β t 

English cloze         

1. Age 0.57 
 11.99 

** 
0.39   9.25 **  0.24  4.35 **  0.24  4.54 ** 

2. Exposure to English --  -- 0.49  11.53 **  0.49 11.93 **  0.47 11.14 ** 

3. Working memory --  -- -- --  0.13  2.76 **  0.14  2.86 ** 
 Processing speed --  -- -- --  0.13  2.62 **  0.13  2.69 ** 

4. Exp. * Working mem. --  -- -- --  --  -- −0.03  0.74 
 Exp. * Processing sp. --  -- -- --  --  -- −0.09  2.11 * 
 R2   0.32   0.53   0.56   0.57 
 R2 change   0.32 **   0.21 **   0.03 **   0.01 *  

Spanish cloze         

1. Age −0.04 −0.66  0.18  3.06  0.09  1.22  0.10  1.27 

2. Exposure to English --  -- −0.5 −8.77 ** −0.51 −8.58 ** −0.52 −8.20 ** 

3. Working memory --  -- -- --  0.13  1.90  0.13  1.85 
 Processing speed --  -- -- --  0.02  0.24  0.00  0.01 

4. Exp. * Working mem. --  -- -- --  --  --  0.02  0.35 
 Exp. * Processing sp. --  -- -- --  --  -- −0.12 −1.97 * 
 R2   0.00   0.22   0.24   0.25 
 R2 change   0.00   0.22 **   0.01   0.01 
* = p < 0.05; ** = p < 0.01. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 105 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Table 3.5 Model summaries of regressions predicting morphosyntax using narrative tasks. 

 
  Block 1  Block 2  Block 3  Block 4  
  β t β t β t β t 

English narrative         

1. Age 0.53 
 10.90 

** 
 0.42   8.51 **  0.25  3.92 **  0.25  3.96 ** 

2. Exposure to English --  --  0.31   6.42 **  0.31  6.57 **  0.31  6.17 ** 

3. Working memory --  -- -- --  0.11  1.95   0.11  1.95  
 Processing speed --  -- -- --  0.18  3.12 **  0.18  3.12 ** 

4. Exp. * Working mem. --  -- -- --  --  -- −0.01 −0.14 
 Exp. * Processing sp. --  -- -- --  --  -- −0.04 −0.84  
 R2   0.29   0.37   0.41   0.41 
 R2 change   0.29 **   0.09 **   0.04 **   0.00   

Spanish narrative         

1. Age 0.39  6.71 **  0.55  8.32 **  0.52  6.15 **  0.54  6.37 ** 
          

2. Exposure to English --  -- −0.30 −4.56 ** −0.30 −4.52 ** −0.32 −4.71 ** 
          

3. Working memory --  -- -- --  0.06  0.90  0.03  0.36 
 Processing speed --  -- -- --  0.00  0.02 −0.03 −0.40 

4. Exp. * Working mem. --  -- -- --  --  -- −0.10 −1.51 
 Exp. * Processing sp. --  -- -- --  --  -- −0.06 −0.80  
 R2   0.15   0.22   0.22   0.23 
 R2 change   0.15 **   0.07 **   0.00   0.02 
* = p < 0.05; ** = p < 0.01. 
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Table 3.6 Cross-tabulation of “stronger language” frequency counts across 

morphosyntax tasks. 

 

  Narrative:  

Stronger language 

 

C
lo

ze
: 

S
tr

o
n
g
er

 

la
n
g
u
ag

e
 

 English: Spanish: Total: 

English:        n = 51 74 125 (50%) 

Spanish: 13 112 125 (50%) 

Total: 64 (26%) 186 (74%)  250 
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Table 3.7 Model summaries of regressions predicting morphosyntax using cloze tasks in 

children’s weaker and stronger languages. 

 
  Block 1  Block 2  Block 3  Block 4  
  β  t β  t β  t β t 

Child’s weaker language         

1. Age 0.43  7.78 **  0.54   9.24 **  0.38  5.04 **  0.39  5.28 ** 

2. Exposure to English --  -- −0.27  −4.58 ** −0.26 −4.45 ** −0.27 −4.56 ** 

3. Working memory --  --  -- --  0.20  3.03 **  0.19  2.90 ** 
 Processing speed --  --  -- --  0.13  1.16   0.06  0.86  

4. Exp. * Working mem. --  --  -- --  --  --  0.02  0.32 
 Exp. * Processing sp. --  --  -- --  --  -- −0.24 −4.06 ** 
 R2   0.18   0.24   0.28   0.33 
 R2 change   0.18 **   0.06 **   0.04 **   0.05 **  

Child’s stronger language         

1. Age 0.32  5.52 **  0.22  3.49  0.09  1.16  0.10  1.17 

2. Exposure to English --  --  0.24  3.89 **  0.25  3.96 **  0.25 −3.70 ** 

3. Working memory --  --  -- --  0.13  1.79  0.13  1.73 
 Processing speed --  --  -- --  0.08  1.14  0.08  1.06 

4. Exp. * Working mem. --  --  -- --  --  --  0.01  0.10 
 Exp. * Processing sp. --  --  -- --  --  -- −0.05 −0.77  
 R2   0.10   0.15   0.17   0.17 
 R2 change   0.10 **   0.05 **   0.02   0.00 
* = p < 0.05; ** = p < 0.01. 
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Table 3.8 Model summaries of regressions predicting morphosyntax performance using narrative 

tasks in children’s weaker and stronger languages. 

 
 Block 1  Block 2  Block 3  Block 4  
 β  t β  t β  t β t 

Child’s weaker language         

1. Age 0.55 10.44 **  0.58   9.21 **  0.49  6.17 **  0.50  6.32 ** 

2. Exposure to English --  -- −0.05  −0.83  −0.06 −0.92  −0.06 −0.88  

3. Working memory --  --  -- --  0.06  0.85   0.05  0.73 

    Processing speed --  --  -- --  0.10  1.52   0.05  0.65  

4. Exp. * Working mem. --  --  -- --  --  --  0.01  0.13 

Exp. * Processing sp. --  --  -- --  --  -- −0.14 −2.13 * 

R2   0.31   0.31   0.32   0.33 

R2 change   0.31 **   0.00    0.01   0.02  

Child’s stronger language         

1. Age 0.56 10.64 **  0.56  8.91 **  0.44  5.59 **  0.46  5.86 ** 

2. Exposure to English --  --  0.00  0.01  0.00  0.06  −0.03 −0.46  

3. Working memory --  --  -- --  0.11  1.62  0.06  0.88 

    Processing speed --  --  -- --  0.10  1.52  0.10  1.45 

4. Exp. * Working mem. --  --  -- --  --  -- −0.15 −2.33 * 

Exp. * Processing sp. --  --  -- --  --  --  0.03  0.47 

R2   0.31   0.31   0.33   0.35 

R2 change   0.31 **   0.00   0.02 *   0.02 † 
* = p < 0.05; ** = p < 0.01, † = p = 0.056. 
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Figure 3.1 Scatterplot of interaction between English exposure (divided into three levels) and processing speed on 

English cloze performance. 
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Appendix Table 3.1 

Table 3.1: Morphosyntactic composites in English and Spanish derived from performance on Test of 

Narrative Language in English and Spanish. 

TNL item type 
English 

items 
Spanish items 

Temporal relationships—uses one or more adverbial phrases or clauses between actions or 

events 

Task 4, #19 

Task 6, #8 

Task 4, #20 

Task 6, #8 

Causal relationships—indicates causal relationships between actions or events; using 

(because, so that, since, in order to…) 

Task 4, #20 

Task 6, #9 

Task 4, #21 

Task 6, #9 

Grammaticality—uses grammatically correct sentences without errors 
Task 4, #21 

Task 6, #15 

Task 4, #22 

Task 6, #15 

Tense—uses the same tense throughout the story 
Task 4, #22 

Task 6, #14 

Task 4, #23 

Task 6, #14 

Reference—consistent references to characters; appropriate pronoun use Task 6, #13 Task 6, #13 

Total items: 18 18 

 

 

 

 

 

 

 

 

 

 



 

 111 

Appendix Table 3.2 

Table 3.2: Morphosyntactic cloze composites a, derived from Bilingual English Spanish Assessment b and Bilingual 
English Spanish Assessment—Middle Extension c 

English Forms Example 
# of items on 

BESA 

# of items on 

BESA-ME 

Progressive They are watching 3 -- 

Negative Doesn’t like 3 2 

Plural Apples 3 3 

Possessive Duck’s eggs 3 3 

Third-person singular Plays 3 4 

Copula Flower is pretty 3 2 

Passive Dog was chased 3 4 

Past Walked the dog 3 4 

Irregular past Ate the banana -- 4 

Question inversion What is it…? -- 6 

Prepositions On the plate -- 2 

Relative clause Dog that has black fur -- 3 

Spanish forms Example 
# of items on 

BESA 

# of items on 

BESA-ME 

Progressive La niña está nadando 3 -- 

Article Unas/las manzanas 4 3 

Direct object clitic Él los abraza 4 3 

Subjunctive Quiere que coman 4 6 

Irregular past La niña fue -- 4 

Prepositions Encima de la mesa -- 2 

Negative No tiene -- 3 

Relative clause 
Niño que juega con la 

pelota 
-- 4 

Adjective Zapato morado -- 4 

Conditional Iría -- 5 

Imperfect past Ella nadaba -- 4 

 

Note: a = scores on items in composites were summed and converted to percentages; b = Bilingual English Spanish 

Assessment (BESA; Peña et al., 2018); c = Bilingual English Spanish Assessment—Middle Extension Field Test Version (BESA-

ME; Peña et al., 2016). 
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Chapter 4 

Taking the outside view: Opportunities and Challenges for Research on Children’s Mathematical 

Cognition and Learning: Taking the Outside View  

 

 

Abstract 

 The outside view is a method for prediction and decision making which uses existing 

similar cases as exemplars. Here, we attempt to take the outside view of the field of 

mathematical cognition and learning research to better understand important challenges and 

opportunities the field is facing, or which it is likely to face in the future. This approach may 

guide the field of mathematical cognition and learning to develop more productive, informed 

research paths as we progress. We compare mathematical cognition and learning research to 

reading research, a partially overlapping field with important similarities in research questions, 

methods, and populations of study. We generated a list of themes based upon consensus reports 

and then compared that list to themes in the 20 most cited papers containing relevant search 

terms from journals highly cited within both fields by decade, from 1980 to 2019. In this 

systematic literature search of highly cited papers in both areas, themes across the fields 

emerged, including: a reliance on longitudinal panel data, a focus on children in the early school 

years, and a lack of interventions shown to affect students’ long-term success (including older 

students’ achievement). We find some support for claims that research on the development of 

children’s mathematical cognition and learning research was “behind” research on children’s 

reading development in the 1980s until the 2010s, but find more mixed support in recent years. 

But opportunities and challenges still persist. Taking the outside view using other related fields 
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as comparison classes may provide a useful perspective for understanding challenges and 

opportunities for scientists studying mathematical cognition and learning.  
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Opportunities and Challenges for Research on Children’s Mathematical Cognition and Learning: 

Taking the Outside View 

Introduction 

Some researchers have attempted to make predictions about the opportunities and 

challenges likely to arise in the foreseeable future of research on children’s mathematical 

cognition and learning research (Alcock et al., 2016). Unsurprisingly, such predictions tend to 

come from researchers working in the field, and draw heavily on the field’s previous challenges 

and discoveries, along with the topics currently of interest to researchers. This approach is 

sensible and likely useful—drawing on the direct expertise of individuals highly engaged in that 

work. However, we argue that incorporating information about closely related but different fields 

– in particular, reading research – provides a complementary approach that leads to some similar, 

but also some different conclusions about important directions to take. Reading research was 

chosen because it has had success in addressing similar problems to those being addressed in 

mathematics cognition and learning research (e.g., identifying robust early statistical predictors 

of performance on later broad achievement tests), and because it is frequently invoked by 

researchers working in one or both of these areas as being “ahead” of mathematical cognition 

and learning research. Further, reading and mathematics are often assessed in high stakes 

assessments reported nationally (NAEP, 2019), and share language and print aspects (Purpura et 

al., 2011).  

We discuss the potential usefulness of taking the “outside view” using reading research to 

anticipate possible future opportunities and challenges in research on children’s mathematical 

cognition and learning research. This was initially prompted by the authors considering the 

domain general cognitive factors underlying developmental trajectories in reading and 
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considering how they may function similarly in mathematics development. A closely related idea 

had been expressed by Chiappe (2005), who called for those studying mathematics difficulties to 

look to reading researchers as an exemplar for where the field of mathematical cognition and 

reading research should go. Chiappe indicated that reading researchers had found ways to 

manipulate key causal variables underlying children’s reading difficulties and called on those 

studying mathematics difficulties to find key causal variables underlying children’s mathematics 

learning difficulties. This should be done, she argued, while remembering that mathematics is 

broad and multiple causal variables might possibly need to be found. In particular, domain 

specific, not domain general deficiencies may be optimal targets for mathematics intervention 

just as they had been for reading (Chiappe, 2005).  

We identify major areas of focus from consensus reports written by researchers in 

reading and mathematical cognition and learning research, and describe the prevalence of each of 

these themes and common methods and practices in the 20 most cited articles in a set of journals 

popular in each field by decade, from 1980 to 2019. We conclude with a discussion of the 

challenges and opportunities mathematical cognition and learning research is facing, or may face 

in the coming years based on insights from this exploration.  

The Inside and Outside Views 

We will differentiate the inside and outside views here via examples and definitions. In 

their illustrating example, a team of experts, including Kahneman, was tasked with developing a 

curriculum on their area of expertise: judgement and decision making. As the experts gathered to 

plan the project, they created a timeline in order to predict when the finished product would be 

ready. This required estimating how long they thought it would take to complete the project. The 

team took the inside view, basing their predictions on their considerable knowledge about the 
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subject matter. For example, the researchers were tasked with writing down (presumably so that 

they would not influence one another) their best estimate of how many months the project would 

take until it was sufficiently ready for a draft to be shown to the Ministry of Education. Their 

inside view estimates ranged from 18 to 30 months. They did not consider the outside view, most 

importantly not considering how long it had taken other curriculum writers to create curricula 

about other topics. Being prompted to consider the outside view, one of the experts admitted that 

only about 40% of projects at their team’s current stage of progress ever finished. Of those that 

did, none did so in less than seven years or more than 10 years. This error in judgment and 

prediction resulted in the team committing to a project that took them 10 years instead of the 

one-and-a-half to two years they had predicted from the inside view (Kahneman & Lovallo, 

1993). 

The inside and outside views are vantage points frequently applied for the purposes of 

prediction and decision making. The inside view is the vantage point of people using their 

context specific experience or expertise to make judgments and predictions within their 

particular area about their particular area. Kahneman and his team of experts looked at their task 

of developing a curriculum about judgment and decision making as a task about how to teach 

judgment and decision making. However, it was also a task about how long academics take to 

complete a complex task as a group. Hence, they made optimistic guesses about their abilities to 

complete things in a timely manner, but because they had not considered relevant information 

from outside their field or the immediate project, their assessment was grossly inadequate.  

Both the inside view and outside view are necessary. In mathematical cognition and 

learning, for example, Alcock and colleges (2016) called for a number of “grand challenges” to 

be addressed by mathematical cognition and learning research based upon the state of the 
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mathematical cognition and learning field and the math field alone1. Unsurprisingly, given that 

the researchers largely studied mathematical cognition and learning, they took the inside view. In 

contrast to this inside view, the outside view would have given Alcock and colleagues the 

vantage point from outside (meaning the outside view) the common backgrounds and goals of 

individuals participating in this project, a team of experts making decisions and predictions about 

mathematical cognition and learning based upon their own field. The outside view might, for 

example, draw on knowledge from related domains that have been addressing analogous 

challenges. Taking the outside view can complement and support the types of inside view work 

that seems to be more prevalent in mathematical cognition and learning research.  

The inside view creates a scenario based on one’s understanding of the particulars of a 

case and on what might happen, and as mentioned, often yields overly optimistic predictions 

(Kahneman & Lovallo, 1993). The outside view considers scenarios and assesses risk based on 

similar cases that have already happened in adjacent spheres, and thus may avoid some of the 

shortcomings of the inside view. It is, insofar as it considers more than the case at hand, 

statistical thinking (Tversky & Kahneman, 1974). These different vantage points and benefits 

may be of use to researchers or mathematical cognition and learning. Outside view thinking 

being statistical thinking may help us better make decisions. These decisions include the types of 

research questions to ask and the types of causal mechanisms and cognitive processes to 

examine. This brings us to the question of challenges for mathematical cognition and learning 

(What might we be heading towards that we want to avoid?) and also promises opportunities 

(What wise decisions and research pathways could we emulate?).  

 
1We do not mean to criticize Alcock and their review; it is not the case that the inside view is “bad” and the outside 

view is “good”. As phenomolnogy would have it, there is “no view from nowhere”, even in analytical work 

(Thomason, 2007) and different vantage points provide different views and benefits. 



 

 118 

Researchers engaged in discussions about the future of the field of mathematical 

cognition and learning research often take the inside iew. For example, in a collaborative review 

on the state and future of research on mathematical cognition and learning research, Alcock and 

colleagues (2016) argue that it is important to elucidate the nature of mathematical thinking by 

pursuing the question, “Do infants really have a ‘sense of number’ or are they merely sensitive to 

quantitative dimensions?” (Alcock, 2016, p. 25-26). This delineation of an important area and 

question to pursue is sensible: surely the constructs and history of mathematical cognition and 

learning research are highly relevant for forecasting the field’s future research directions. The 

authors then go on to predict that there is a yet unexplained link between an infant’s sense of 

either number (or perhaps quantity and not number per se) and individual differences in later 

mathematics proficiency at high levels (Alcock et al., 2016); a view of infants’ sense of number 

being possibly related to individual differences in later mathematics proficiency is a logical 

hypothesis garnered from the inside view. 

Taking the inside view to decide how to best allocate resources to solve important 

scientific and educational problems within the domain of mathematical cognition and learning 

research is sensible. Nuanced issues specific to mathematical cognition and learning are likely to 

be missed if we do not take the inside view. Therefore, the inside view is valuable. However, 

because the inside view is the predominant method for researchers taking view of the field of 

mathematical cognition and learning research, we likely miss some important insights that could 

be gained from stepping back and comparing the field to related areas of study. Thus, in this 

paper, we sacrifice some of the benefits of the Inside View in order to identify some challenges 

mathematical cognition and learning research could face in the coming years (or perhaps 

challenges the field is already facing). It is likely that other challenges and opportunities for the 
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field of mathematical cognition and learning research may be informed by incorporating 

perspectives from outside the field. For example, a recent collaboration between a cognitive 

developmentalist and mathematics education researcher concluded that both the fields of 

cognitive development and mathematics education might benefit from one another as researchers 

collaborating together could help each other strengthen research and other professional 

endeavors via the exchange of novel perspectives (Alibali & Knuth, 2018). They discuss how 

psychology often lacks use of authentic tasks that math educators can pragmatically use in order 

to promote school-based relevant practice. Math education on the other hand “often fails to 

adequately consider general processes of learning and development; as a consequence, 

intervention studies sometimes yield data that are difficult to interpret” (p. 11). 

We propose that another natural comparison field for math cognition and learning 

research is reading research. Although research on mathematics cognition and learning has been 

in existence for a century or more (e.g., Brownell & Chazal, 1935; Buckingham, 1927; Thiele, 

1938), reading research is often described as older than mathematical cognition and learning 

research (e.g., Chiappe, 2005). We have frequently encountered the sentiment that reading 

research is “ahead” of mathematical cognition and learning research, an idea which has been 

expressed at conferences in presentations by reading researchers and mathematical cognition and 

learning researchers. A search using Google Scholar set to the years 1980-2019 with search 

terms “children’s math learning” yielded 171,000 search results while “children’s literacy 

learning” yielded 255,000 results. The proportionality doesn’t change drastically when the years 

are set to 2010-2020 with the same math phrase returning 33,900 results and for the same 

literacy phrase, 54,200 results. Mathematics receives less of an emphasis in classrooms; in some 

work, reading is found to receive almost double the amount of dedicated instructional hours in 
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kindergarten (5 hours versus 3; Bargagliotti, et al., 2009; Rudd et al., 2008). Recently it has been 

reported that the amount of reading instruction in Head Start showed a pronounced increase 

about 15 years ago after the reauthorization of Head Start and has remained relatively stagnant 

since, but there was no concordant jump in mathematics instruction (Markowitz & Ansari, 2020). 

The general sentiment that the focus of both research on education, and time spent in classrooms 

has been on reading more so than mathematics, was confirmed when we began searching most 

highly cited papers in each field by decade. From 1980-1989 our search yielded only 15 papers 

on mathematics cognition and learning to include. This may partially reflect a change of naming 

conventions within the field, along with changes in the journals in which relevant work is 

published.  

Method 

Influential Research on Reading and Mathematical Cognition and Learning  

 To use the outside view, we started by identifying themes of research that apply to both 

fields: mathematical cognition and learning and reading research. This would enable us to 

compare reading research themes to mathematical cognition and learning themes. The two sets of 

themes would enable us to identify overlaps and divergences that might indicate opportunities 

and challenges for mathematical cognition and learning research. These insights are intended to 

complement, rather than replace those generated from considering the specifics of the work 

being done in mathematical cognition and learning research in isolation. In the context of this 

analysis, the “outside” does not refer to us – we are math cognition and learning researchers – 

but to the class to which we are comparing math cognition and learning research: highly cited 

articles from reading research. We hope that by taking this perspective, we will better understand 
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how factors common to math and reading research might lead to challenges and opportunities for 

math cognition and learning research.  

In order to characterize influential literature in the two research areas, we first reviewed 

prominent reports composed of researchers on the development of reading and mathematics: The 

National Reading Panel Report (2015), The Report of the National Early Literacy Panel (2009), 

and The National Mathematics Advisory Panel (2008). To add information on mathematics 

learners in special education, we considered a meta-analysis on interventions for children with 

special educational needs (Kroesbergen & Van Luit, 2003; this was done because the reading 

reports included information on learning disability but the National Mathematics Advisory Panel 

did not). We identified key themes that emerged in the conclusions of the reading research 

reports, and attempted to find analogous themes in the mathematical cognition and learning 

research documents.  

Importantly, these panels were convened not to summarize all of the research on reading 

and mathematical cognition and learning research, but with a focus on the possible implications 

of this research for education. Thus, the themes we identified do not describe all of the research 

conducted by all cognitive developmental psychologists, education scientists, human 

developmentalists and those in related fields studying mathematics and reading. This is an 

important limitation of the current study, which applies much more to the intersection between 

cognitive, developmental, and educational research than to specific teaching methods that vary 

across domains.  

To probe the validity of our list and to identify additional prominent themes, we 

conducted searches for articles published within prominent journals (as defined by Scimago 

Journal Rankings in 2018) which focused on reading research, mathematical cognition research 
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and developmental psychological research using Scopus. We performed an advanced search 

using the individual words “literacy, reading, phonics, or comprehension” for reading research 

papers and the individual words “mathematics, math, number, or numeracy” for mathematical 

cognition and learning research papers limiting our search to journals ranked in the first twenty 

in impact factor in the fields of education, educational psychology, child development, 

developmental psychology, learning science, and cognition. We then listed the 20 most cited 

papers in these journals from each field and considered their similarities and differences in 

regards to: study type, whether or not the study looked at socio-emotional aspects of learning, a 

focus on domain general and/or domain specific cognitive factors, and age range of participants. 

The entire list of articles and codes for these features appears in the Online Supplementary 

Materials. The full details of the literature search, including the exact search syntax, appear in the 

Appendix A. 

Results 

Emergent Themes 

 Beginning with the consensus reports in both fields we identified themes across the 

disciplines of mathematical cognition and learning research and reading research. These themes 

were: (1a.) domain general predictors of performance; (1b.) early domain specific predictors; (2) 

efficacy of early interventions; (3) key definitive features of learning disability; and (4) 

developmental learning trajectories. Domain general predictors of performance are factors 

hypothesized to support learning broadly, regardless of the subject being learned, and include 

executive functions, IQ, working memory, and behavioral regulation. Domain specific predictors 

of performance are cognitive systems or states that are hypothesized to influence performance in 

reading or mathematics, specifically, for example phonological processing for reading or the 
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approximate number system (ANS) for mathematics. Early intervention studies are, as we define 

them, studies that explore the effects of interventions on learning outcomes within reading or 

mathematics. Key definitive features of learning disability studies seek to define the hallmarks of 

cognitive differences of performance, such as the phonological processing deficits indicative of 

dyslexia (Snowling, 1998) or impaired number sense hypothesized to characterize mathematical 

learning disability (Piazza et al., 2010). Developmental learning trajectories are the learning 

goals, activities, and thinking/learning that students engage in across a progression of reading or 

mathematics development (Connor, 2007; Simon, 1995).   

Commonalities between Reading and Math Cognition Research 

The parallel common themes described above that we identified across the two fields of 

reading research and mathematical cognition and learning research were generally supported in 

our subsequent literature search (see Table 1). Indeed, two articles appeared in the top twenty 

cited articles in both reading research and mathematical cognition and learning literature 

searches due to their focus on both reading research and mathematical cognition and learning 

research but also due to their exploration of domain general cognitive factors. Early predictors 

were a common theme across disciplines, appearing in 12 of the reading research articles and in 

12 of the mathematical cognition research articles. Efficacy of early interventions was the topic 

of just 2 reading research papers and 1 mathematical cognition and learning research paper in the 

results from our literature search. 

Interventions 

This relative lack of highly cited papers on early interventions was partially surprising 

because there was a focus in consensus reports (across both reading research and mathematical 

cognition research) on the need for development of effective interventions. Taking the outside 
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view suggests causes common to both mathematical cognition and reading research may be 

responsible for a lack of intervention studies among the most cited papers in each field. One 

possible reason for the lack of intervention work is our operationalization of “influential” as 

“highly cited”.  Perhaps introduction sections in psychological research are more likely to cite 

nonexperimental longitudinal work because 1) it is viewed as being more generalizable than the 

results of any specific intervention, 2) it is more likely than experimental work to span many 

years, and thus measure both early skills and later outcomes broadly agreed upon to be important 

(Watts, Bailey, & Chen, 2019).  

The lack of intervention studies based upon cognitive pathways to success such as 

developmental learning trajectories in both mathematical cognition and learning research and 

reading research is an opportunity for both fields. Ideally, interventions with reproducible, 

generalizable results on long-run outcomes could provide strong, causally informative tests of 

some developmental theories while having clearer practical implications than non-experimental 

longitudinal studies. Although interventions often manipulate constructs in a less controlled way 

than most experimental psychologists are used to, they tend to have stronger ecological validity, 

are far more likely to inform educational practice, and (when evaluated with strong causal 

designs) can be used to test causal predictions of theories of children’s mathematical 

development (Bailey et al., 2018; Sullivan, Frank, & Barner, 2016).  

Disability and Developmental Trajectories 

Key definitive features of learning disability appeared 1 time in reading research and 6 

times in mathematical cognition and learning research. Developmental learning trajectories 

appeared in both mathematical cognition research papers and reading research papers to the 

degree that multiple studies were about predictors and foundational skills often conceived of as 
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part of learning trajectories and progressions. Many of the papers were developmental in nature. 

However, only one paper used the words “developmental trajectories” explicitly. The focus of 

that paper was the developmental trajectory of number acuity and its relation to developmental 

dyscalculia.  

No papers reported the results of interventions that sought to use developmental 

trajectories in order to foster efficacious pedagogy. However, recently published work that is not 

yet cited as highly as papers in our list of most highly cited papers has described interventions 

that used developmental trajectories in order to foster efficacious pedagogy (e.g., Clements et al., 

2020; Connor et al., under review). We had hypothesized that such trajectories would be a more 

pronounced theme in the data.  

Taking the outside view suggests that we should attend to causes of a lack of highly cited 

articles on developmental trajectories in these literatures that are common to both mathematical 

cognition and reading research. Practical concerns, including the difficulty of collecting 

cognitively informed assessments at different ages, along with the expense of long longitudinal 

research may be contributing factors.   

A Focus on Basic Skills and Early Childhood 

As we read the papers that came back from our search based upon themes from 

consensus reports, additional themes emerged. These other coded variables appeared between the 

fields of mathematical cognition and learning research and reading research and were elucidated 

from the most cited papers themselves as we progressed through our coding of the papers for the 

initial pre-planned variables. These largely revealed similarities across the two fields. Both the 

mathematical cognition and learning research and reading research papers often included 

participants in early childhood (12 papers in reading research and 10 papers in mathematical 
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cognition and learning research) and the early school years, which we refer to as “school age” 

(11 papers in reading research and 13 papers in mathematical cognition and learning research) as 

participants.   

Research on the identification, measurement, and enhancement of more advanced skills 

was absent from these citations. Taking the outside view suggests causes common to both 

mathematical cognition and reading research may be responsible for a lack of a focus on 

advanced skills. The focus on basic skills may reflect the presumed fundamentality of early 

reading and mathematics skills in these fields, an interest in early intervention, the convenience 

of studying groups of children at ages where ability tracking is highly unlikely and curricula may 

share similar content across settings, and the smaller range of potential strategies children might 

use to perform these tasks.  

While reading research has had great success in determining what it takes for a person to 

learn to decode, it has paid less attention to how to teach every person to be literate if one defines 

reading as reading-for-comprehension (Seidenberg, 2013). Mathematical cognition and learning 

research may face similar challenges. That is, analogously to reading research, much of the focus 

of mathematical cognition and learning research has been on earlier skills in younger learners 

(Jordan, et al., 2009). The majority of the mathematical cognition and learning research papers 

focused on early mathematics skills.  

As mentioned above, this makes some sense for several reasons, including that basic 

skills statistically predict and are necessary for the learning of more complex skills (e.g., 

decoding enables children to access information from text; (Connor, 2007); counting is 

employed as a subroutine when children learn how to add (Clements & Sarama, 2014). However, 

despite widespread agreement on the importance of algebra as a necessary skillset for advancing 
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in mathematical thinking and achievement (National Mathematics Advisory Panel, 2008), none 

of the papers on mathematical cognition research were explicitly about algebra learning. An 

increased focus on learning more advanced skills and on effective interventions for advanced 

mathematics learning may be important to consider in our efforts to translate research on 

children’s mathematical cognition into interventions that change students’ educational 

trajectories (e.g., Cortes, Goodman, & Nomi, 2015). The outside view provided some insight into 

some possible reasons for the lack of research on older children; however, the specific kinds of 

research we suggest above are influenced primarily by ideas within the study of mathematics 

education, cognition, and learning.  

The National Assessment of Educational Progress (NAEP) assesses 9, 13, and 17-year-

olds across a variety of subjects, including reading and mathematics. Due to issues of non-

random missingness of 17-year-olds who have left high school, we will not consider the scores 

of 17-year-olds here. However, trends over time in both reading and mathematics achievement 

scores on the NAEP have shown different rates of improvement in the scores of 9 year-olds and 

13 year-olds. Between the early 1970s and 2019, average reading scores for 9 year-olds rose to 

11 points higher versus 5 points higher for 13 year-olds (NAEP, 2019). Mathematics 

achievement scores improved for 9-year-olds with a 24 point rise versus a 16 point rise for 13-

year-olds between the early 1970s and 2019 (NAEP, 2019). This goes to our point of the need 

for more experiments including studies of how to best improve learning of older students.    

Selected Differences between Reading and Math Cognition Research 

Some noteworthy differences between mathematical cognition and learning research and 

reading research also arose from our reading of these highly cited papers in both fields. Some 

differences were unsurprising. For example, mathematical cognition and learning papers had a 
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greater focus on basic numerical cognitive processes than did the reading research papers. For 

example, Xu and Spelke considered the large number discrimination of infants (Xu & Spelke, 

2000). Mathematical cognition research on the approximate number system (ANS) considers 

developmental patterns of children’s non-symbolic magnitude acuity. Of course, this content 

would be less likely to appear in reading research papers. Symmetrically, reading research was 

more focused on phonological processing (Share, 1995; Hatcher, Hulme, & Ellis, 1994; Muter, 

Hulme, Snowling & Stevenson, 2004). More abstractly, both mathematical cognition research 

and reading research attempted to explain pathways to competence or failure in performance via 

predictors hypothesized to represent domain-specific cognitive pathways to success (Piazza et. 

al, 2010; Storch & Whitehurst, 2002).  

Trends by Decade  

To examine trends across time in reading and mathematical cognition and learning 

research, we performed the same search by decade, identifying the most cited papers in each 

field which were published in each decade  over the past four decades. This was accomplished 

by setting the search parameters to include only particular years such as 1980-1989 for the 

1980s, for example.  

The generally lower amounts of randomized control trials we noted above was still 

apparent when we bounded the searches by decade. Reading research produced, by decade: 1 

(1980s), 3, (1990s), 3 (2000s) and 5 (2010s) randomized controlled trials among the most cited 

articles published in each decade. We defined randomized controlled trials as papers in which the 

experiments used a control group randomly assigned to compare the effects of an intervention. 

This shift over time may represent a trend toward more influential RCTs in reading research. 

There was also progress in mathematical cognition and learning in regards to the use of RCTs 
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when we searched by decade, which yielded 0 (1980s), 0 (1990s), 0 (2000s), and 3 (2010s) RCTs 

that appeared in the most highly cited math cognition and learning papers of 2010-2019. Taking 

the outside view, perhaps trends in reading and math research suggest influential RCTs may 

become more commonly observed in mathematical cognition and learning research.  

Younger participants were studied far more than adolescents and adults. When we 

bounded the searches by decade we could find little shift in this trend over time to recent highly 

cited articles. One exception was the results of the 1990s search. Here we report the counts of 

studies focused on younger subjects versus studies focused on adolescents and adults with the 

first number representing the count of studies focused on younger participants and the second 

number representing studies focused on adolescents and adults. Reading research produced, by 

decade: 18/11 (1980s), 20/5 (1990s), 27/6 (2000s), 25/6 (2010s). Mathematics cognition and 

learning produced: 15/8 (1980s), 13/17 (1990s), 18/8 (2000s) and 25/5 (2010s). Instances of 

numbers greater than 20 occur in these tabulations because some papers cover more than one age 

group. For example, a paper on school age children and adolescents would receive one count for 

each. As explained above, this is sensible given that we recognize that early learning is important 

and foundational, so we focus there first. Still, an increased focus on older students and more 

advanced skills did emerge as an opportunity for future work in math cognition and learning 

research.  

The theme of domain general and social background factors still was a theme across all 

decades. There was one paper that appeared in returned searches for the 1980s, 2000s, and 2010s 

that appeared in both the mathematical cognition and learning research and reading research. 

Publications across both fields in all decades paid some attention to domain general cognitive 

predictors and this has remained relatively steady in the most highly cited papers of the last four 
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decades. There was an increase in the most recent decade of 2010-2019. We found 3 papers in 

the 1980s, 2 in the 1990s, 4 in the 2000s, and 7 in the 2010s falling into this category. 

Limitations 

  As with any approach, there are limitations that should be considered when taking the 

outside view for generating directions for the field; however, we believe that this method 

provides valuable information that should be considered as the field moves forward. We do not 

intend to characterize our descriptions of these two fields as exhaustive. Rather, it is based on the 

search through consensus reports and the 20 most cited papers in each field in a subset of 

journals based on our literature search. Our approach of considering consensus reports and 

highly cited articles is likely to miss new work in both fields; indeed, recent work in both areas 

on more complex cognitive skills continues to be increasingly common (e.g., Reder, 2010; Tian 

& Siegler, 2018). Additionally, the reasons we outline for a focus in both fields on the 

development of early skills are sensible; perhaps studies of mathematical cognition at more 

advanced levels will not be as broadly influential because the specific educational experiences 

and cognitive structures will be too specific to bear on other issues within cognitive, 

developmental, and educational psychology. On the other hand, the persistence of children’s 

learning difficulties (Geary, Howard, Nugent, & Bailey, 2013; Raskind, Goldberg, Higgins, & 

Herman, 1999) and socially important learning gaps (Hair, Hanson, Wolfe, & Pollak, 2015; 

Reardon, 2011) throughout development point to the importance of studying cognitive 

development throughout the school years.   

Conclusion  

  These similarities and differences of foci (see themes in Table 1 and occurrences in Table 

2) present an opportunity to the field of mathematical cognition and learning research. While 
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neither the inside nor the outside view is the complete picture, the preponderance of the use of 

the inside view suggests the usefulness of the outside view in order to discover regularities that 

might otherwise go unnoticed in the field of mathematical cognition research. Taking the outside 

view affords benefits of experience gleaned from the field of reading research studying the same 

or similar students, engaged in learning of a different but related academic subject using similar 

but differently utilized cognitive processes.  

 Mathematical cognition and reading research have much to offer each other. Although 

the specific content and effective discipline-specific pedagogical strategies may differ by 

content, the striking similarities in themes we identified in this paper include four main points 

that offer opportunities for the future of mathematical cognition research. First, both fields’ most 

cited papers in our search shared a focus on younger subjects and their emergent academic skills, 

(Jordan, Ramineni, Locuniak, 2009; Ramani, Siegler, 2008; Sénéchal, LeFevre, 2002; 

Whitehurst & Lonigan, 1998), precursor neurocognitive abilities (Dronkers, Wilkins, VanValin, 

RedFern, & Jaeger, 2004; Xu & Spelke, 2000), and hallmarks of disabilities (Pennington, 

Groisser, & Welsh, 1993; Rouselle & Noël, 2007). Only a few papers considered adolescents or 

adults as participants in mathematical cognition and learning research or reading research. This 

finding of few papers considering adolescents or adults was true in our analysis by decade, as 

well. There is potential promise in greater collaborative research across our two fields of 

mathematical cognition and learning research and reading research. This can begin in training 

programs. Such settings can foster better conversations via overlap of training and discourse 

between mathematical cognition and learning researchers and reading researchers in order to 

positively affect the futures of both fields by supporting inter-disciplinary collaboration. 
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Second, some regularities about developmental dynamics may be similar across fields. 

For example, in mathematical cognition and learning research, hypothesized positive feedback 

between procedural and conceptual knowledge (Rittle-Johnson et al., 2001) shares key 

conceptual features with theories that hypothesize positive feedback between higher and lower 

level reading skills, such as the Simple View of Reading (Hoover & Gough, 1990). These 

analogous ideas may be worth considering in the development of models and the testing of 

theories. 

Finally, as a field, it behooves mathematical cognition and learning researchers to have 

an appreciation for the broad contextual and cognitive factors influencing learning across 

domains. There are also domain general cognitive and social background factors which may be 

largely overlapping between mathematical cognition and learning and reading (Blair & Razza, 

2007; McClelland et. al, 2007), evidenced by the number of articles that appeared in searches for 

both mathematical cognition and learning and reading research. Knowing this, it is an 

opportunity for the mathematical cognition and learning field to bear these general cognitive and 

social background factors in mind as it develops further as a field. Indeed, perhaps this 

contextualization may be part of the reason for the large number of citations these papers receive. 

Mathematics learning and the acquisition of reading happen within the same populations, during 

similar time periods (usually formal schooling and home environments), and the outcomes of this 

are longitudinally tested with instruments developed by similar organizations. State and country 

level performance on low stakes reading achievement tests are highly correlated with 

performance on low stakes mathematics tests such as PISA (PISA, 2018) and NAEP (NAEP, 

2019), likely largely because of contextual factors influencing both kinds of learning. Further 

research directions in mathematical cognition and learning may well become informed by 
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considering mathematical development alongside reading research and other partially 

overlapping fields.  
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Table 4.1 

Themes Identified across Reading Research and Math Cognition and Learning Research from Consensus Reports and Highly Cited Papers 

Research Focus Reading Research 

Regularities/Theoretical postulates 

Math Cognition Research 

Regularities/Theoretical postulates  

1a Early domain general predictors 

(Executive function, IQ, working 

memory, behavioral regulation) 
 

 

IQ is considered as it relates to 

achievement both in “expected” and 

“unexpected” ways (National Reading 
Panel, 2000, p. 125) or simply as a 

predictor (National Early Literacy Panel, 

2009, p. 4) 

Working memory is a risk factor for math 

anxiety (National Mathematics Advisory 

Panel, 2008, p. 59) and the “freeing up” of 
working memory should be considered to 

allow for better student mathematics 

performance (National Mathematics 

Advisory Panel, 2008 p. 57 & 79) 

 

 

 

 

 

 
 

 

 

 

 
1b Early domain specific predictors  

 

 

 

 
Executive function predicts literacy ability 

in kindergarten (Blair & Razza, 2007, p. 

647-663). IQ and working memory 

(Geary, 2011, pp. 1539-1552) predict 

growth in reading. Behavioral regulation 
linked to preschoolers’ literacy skills 

(McClelland, et. al, 2007, pp. 947-959).  

 

 

 
Phonological Awareness, Oral Language 

predict and support learning to read 

domains of decoding and comprehension 

(National Reading Panel, 2000, p. 2-5); 

(National Early Literacy Panel, 2009, p. 
xiv).  

 

Phonological processing supports reading 

acquisition (Muter, et. al, 2004, p. 665-

681); (Wagner et. al, 1997, p. 468-479) 
and functions partially through recoding 

and self-teaching (Share, D.L, 1995, p. 

151-218). Phonological awareness can be 

taught (Hatcher et. al, 1994) and  
 

 

 

 
Executive function predicts mathematics 

ability in kindergarten (Blair & Razza, 

2007, p. 647-663). IQ and working 

memory (Geary, 2011, pp. 1539-1552) 

predict growth in mathematics. Behavioral 
regulation linked to preschoolers’ math 

skills (McClelland, et. al, 2007, pp. 947-

959).  

 

 
Number sense and counting are 

foundational and prepare the foundation 

for mathematical reasoning and 

operations. (National Mathematics 

Advisory Panel, 2008, p. 27) 
 

 

Number sense is present in human infants 

(Xu, et. al, 2005 p. 88-101) and is a 

predictor of later performance (Lefevre et. 
al, 2010, p. 1753-1767) 

 

 

2 Efficacy of early interventions 
 

 

Early interventions show promise 

(National Early Literacy Panel, 2009, p. 6-
8) 

 

Picture book intervention shows promise 

for expressive vocabulary (Whitehurst, et. 

al, 1994, pp 679-689). Early reading 
failure ameliorated by teaching of 

phonological skills. (Hatcher, Hulme & 

Ellis, 1994, pp. 41-57).  

Early interventions show promise but 

more efficacy studies of such 
interventions are critically needed 

(National Mathematics Advisory Panel, 

2008, p. 19; p 81)  

Children’s’ numerical knowledge can be 

supported through playing number board 
games (Ramani, G.B., Siegler, R.S.      

2008, pp. 375-394)   
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3 Key definitive features of Learning 
Disability  

Issues in phonological processing 

(National Reading Panel, 2000; National 
Early Literacy Panel, 2009) confound 

struggling readers who need phonological 

processing as it is necessary for literacy 

acquisition.  

                                                            

Lack of phonological processing is a 

heritable hallmark of disability (Snowling, 

et. al,, 2003, p. 358-373)                                     

 

 

Features of learning disability in 

mathematics can be domain general or 
domain specific and may manifest when 

instruction and initial abilities are not 

aligned (Kroesbergen & Van Luit, 2003, 

p. 97) 

 

Issues in counting, one-to-one 

correspondence and number knowledge 

are indicative of dyscalculia (Kroesbergen 

and Van Luit, 2003, pp. 74-114). Impaired 

acuity of the approximate number system 
appears. to underlie dyscalculia.  

(Mazzocco,et. al, 2011, p. 1224-

1237).These features prevent later 

mathematical reasoning and problem-

solving as these are general predictors. 
 

4 Developmental Learning Trajectories Have been elucidated: students can learn 

the Phonemic Awareness and this in turn 

can support learning to read (National 

Reading Panel, 2000, p. 2-5). 

Literacy development is composed of 1.) 
“Inside-out skills” (phonological 

processing, letter knowledge) and 2.) 

“Outside-in skills” (language and 

conceptual skills). (Whitehurst & 

Lonigan, 1998, p. 848-872)              

Remain a “grand challenge” (Alcock et 

al., 2016, pp 20-41).  

 

 

 
Developmental Change in the Acuity of 

the “Number Sense”: The Approximate 

Number System in 3-, 4-, 5-, and 6-Year-

Olds and Adults (Halberda, & Feigenson, 

2008, p. 1457-1465) 

 

 

Note: Themes across Reading Research and Math Cognition Research were identified from 

consensus reports and then largely confirmed in the 20 most highly cited papers in reading 

research and math cognition research. In the table above, examples of themes found in the 

consensus reports appear as citations followed by citations from the 20 most highly cited papers. 

In both Reading Research and Math Cognition Research. 
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Table 4.2  

Occurrences of Themes in the Most Cited Papers with No Year of Publication Parameters  
 

        Domain General 

Predictors  

Domain Specific  

Predictors  

Efficacy of Early 

Interventions 

Key Features of 

Learning 

Disability 

Developmental  

Learning 

Trajectories 

20 most cited papers in     

reading research              

10 2 2 1 0 

 

20 most cited papers in math 

cognition and learning 

research 

  

3 

 

9 

 

1 

 

6 

 

1 

Note: Occurrences of Themes we elucidated from consensus reports generally held up in the 20 most highly cited papers in reading 

research and math cognition research. The table above shows counts of times we coded papers in each field as representing the 

predetermined themes from the consensus reports. For example, there were 10 papers on domain specific predictors of reading and 8 

of math cognition.  
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Table 4.3  

Most Cited Papers Tabulated by Study Characteristics with no Year of Publication Parameters  

 

  

Infants Early 

Childhood 

School 

Age 

Adolescents Adults "All 

Ages" 

Animal Social 

Emotional  

RCT? Longitudinal 

20 most 

cited papers 

in literacy 

cognition 

research 

1 12 11 2 4 1 0 3 3 10 

 

20 most 

cited papers 

in 

mathematics 

cognition 

research 

 

2 

 

10 

 

13 

 

5 

 

1 

 

1 

 

0 

 

4 

 

2 

 

9 

           

 Note: Some themes emerged after we read the 20 most highly cited papers in reading research and math cognition research. Ages of 

participants, lack of experiments and attention to social emotional learning emerged and were then coded for as we iterated our 

examination of reading research and math cognition research.  
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Table 4.4  

Most Cited Papers Tabulated by Study Characteristics, by Decade  
  Infants Early 

Childhood 

School 

Age 

Adolescents Adults All Ages Animal Social 

Emotional  

RCT? Longitudinal 

20 most cited papers in 

literacy cognition 

research 

1980-1989 

2 4 12 4 7 0 0 0 1 8 

 

20 most cited papers in 

mathematics cognition 

research 

1980-1989 

 

20 most cited papers in 

literacy cognition 

research  

1990-1999 

 

20 most cited 

papers in  

mathematics   

cognition research  

1990-1999 

 

20 most cited papers in   

literacy cognition 

research  

2000-2009 

 

20 most cited 

papers in  

mathematics   

cognition research  

2000-2009 

 

 

 

 

20 most cited papers in   

 

1 

 

 

 

 

0     

 

 

 

 

1    

 

 

 

 

 

 

 

0    

 

 

 

 

 

 

2   

 

 

 

 

 

 

6 

 

 

 

 

9 

 

 

 

 

3 

 

 

 

 

 

 

 

13 

 

 

 

 

 

 

8 

 

 

 

 

 

 

8 

 

 

 

 

11 

 

 

 

 

9 

 

 

 

 

 

 

 

14 

 

 

 

 

 

 

8 

 

 

 

 

 

 

7 

 

 

 

 

1 

 

 

 

 

9 

 

 

 

 

 

 

 

2 

 

 

 

 

 

 

2 

 

 

 

 

 

 

1 

 

 

 

 

4 

 

 

 

 

8 

 

 

 

 

 

 

 

4 

 

 

 

 

 

 

6 

 

 

 

 

 

 

1 

 

 

 

 

0 

 

 

 

 

1 

 

 

 

 

 

 

 

2 

 

 

 

 

 

 

1 

 

 

 

 

 

 

1 

 

 

 

 

0 

 

 

 

 

1 
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Appendix Table 4.1 

Search words in Boolean logic for reading research with no year of publication parameters  
 

TITLE ( “literacy” OR “reading” OR “phonics” OR “comprehension” ) AND SRCTITLE ( {Developmental Psychology} OR 

{Developmental Science} OR {Child Development} OR {Journal of Educational Psychology} OR {Journal of Cognitive Psychology} 

OR {Cognition} OR {Learning and Instruction} OR {Journal of the Learning Sciences} OR {American Education Research Journal} 

OR {Sociology of Education} OR {Educational Evaluation and Policy Analysis} OR {Educational Researcher} ) ) AND ( LIMIT-TO 

( EXACTSRCTITLE , “Cognition “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Journal of Educational Psychology “ ) OR LIMIT-TO ( 

EXACTSRCTITLE , “Learning and Instruction “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Developmental Psychology “ ) OR 

LIMIT-TO ( EXACTSRCTITLE , “Developmental Science “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Child Development “ ) OR 

LIMIT-TO ( EXACTSRCTITLE , “Educational Evaluation and Policy Analysis “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Journal of 

the Learning Sciences “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Journal of Cognitive Psychology “ ) OR LIMIT-TO ( 

EXACTSRCTITLE , “Educational Researcher “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Sociology of Education “ ) )  

 

Search words in Boolean logic for math cognition research with no year of publication parameters 

 

( TITLE ( “mathematics”  OR  “math”  OR  “number”  OR  “numeracy” )  AND  SRCTITLE ( {Developmental 

Psychology}  OR  {Developmental Science}  OR  {Child Development}  OR  {Journal of Educational Psychology}  OR  {Journal of 

Cognitive Psychology}  OR  {Cognition}  OR  {Learning and Instruction}  OR  {Journal of the Learning Sciences}  OR  {American 

Education Research Journal}  OR  {Sociology of Education}  OR  {Educational Evaluation and Policy Analysis}  OR  {Educational 

Researcher} ) )  AND  ( LIMIT-TO ( EXACTSRCTITLE ,  “Cognition “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Journal of 

Educational Psychology “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Learning and Instruction “ )  OR  LIMIT-

TO ( EXACTSRCTITLE ,  “Developmental Psychology “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Developmental Science 

“ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Child Development “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Educational Evaluation 

and Policy Analysis “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Journal of the Learning Sciences “ )  OR  LIMIT-

TO ( EXACTSRCTITLE ,  “Journal of Cognitive Psychology “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Educational Researcher 

“ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Sociology of Education “ ) )  
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Appendix Table 4.2 

Search words in Boolean logic for reading research by decade  
 

TITLE ( “literacy” OR “reading” OR “phonics” OR “comprehension” OR “phonological”) AND SRCTITLE ( {Developmental 

Psychology} OR {Developmental Science} OR {Child Development} OR {Journal of Educational Psychology} OR {Journal of 

Cognitive Psychology} OR {Cognition} OR {Learning and Instruction} OR {Journal of the Learning Sciences} OR {American 

Education Research Journal} OR {Sociology of Education} OR {Educational Evaluation and Policy Analysis} OR {Educational 

Researcher} ) ) AND ( LIMIT-TO ( EXACTSRCTITLE , “Cognition “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Journal of 

Educational Psychology “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Learning and Instruction “ ) OR LIMIT-TO ( EXACTSRCTITLE 

, “Developmental Psychology “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Developmental Science “ ) OR LIMIT-TO ( 

EXACTSRCTITLE , “Child Development “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Educational Evaluation and Policy Analysis “ ) 

OR LIMIT-TO ( EXACTSRCTITLE , “Journal of the Learning Sciences “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Journal of 

Cognitive Psychology “ ) OR LIMIT-TO ( EXACTSRCTITLE , “Educational Researcher “ ) OR LIMIT-TO ( EXACTSRCTITLE , 

“Sociology of Education “ ) )  

 

Search words in Boolean logic for math cognition research by decade  

 

( TITLE ( “mathematics”  OR  “math”  OR  “number”  OR  “numeracy” )  AND  SRCTITLE ( {Developmental 

Psychology}  OR  {Developmental Science}  OR  {Child Development}  OR  {Journal of Educational Psychology}  OR  {Journal of 

Cognitive Psychology}  OR  {Cognition}  OR  {Learning and Instruction}  OR  {Journal of the Learning Sciences}  OR  {American 

Education Research Journal}  OR  {Sociology of Education}  OR  {Educational Evaluation and Policy Analysis}  OR  {Educational 

Researcher} ) )  AND  ( LIMIT-TO ( EXACTSRCTITLE ,  “Cognition “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Journal of 

Educational Psychology “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Learning and Instruction “ )  OR  LIMIT-

TO ( EXACTSRCTITLE ,  “Developmental Psychology “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Developmental Science 

“ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Child Development “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Educational Evaluation 

and Policy Analysis “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Journal of the Learning Sciences “ )  OR  LIMIT-

TO ( EXACTSRCTITLE ,  “Journal of Cognitive Psychology “ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Educational Researcher 

“ )  OR  LIMIT-TO ( EXACTSRCTITLE ,  “Sociology of Education “ ) )  
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Appendix Table 4.3 

Themes of Reading Research Papers Across All Years 
 

All Years Reading/Literacy 

Study Title and publication 

info.   

Study type (lit review, 

correlational cross section, 

correlation longitudinal, 

lab/school short-term 
experiment, experimental 

study, or non-experimental 

(intervention) 

RCT? Social-Emotional? Themes 

including 

Domain  

General  

Domain 

Specific vs 

Domain 

General or 
Intervention  

Age Range Age Range 

Designation  

Attention to 

Disability  

Relating effortful control, 

executive function, and false 

belief understanding to 

emerging math and literacy 
ability in kindergarten 

Open Access Blair, C., Razza, 

R.P., 2007 Child Development 

78(2), pp. 647-663  

Correlation Longitudinal  No  Yes 1a Executive 

Function  

3 to 5 year old 

children 

Early Childhood  
 

Phonological recoding and 

self-teaching: sine qua non of 

reading acquisition Share, D.L. 

1995, Cognition 55(2), pp. 
151-218  

Literature Review  No No  1b Phonological 

Awareness 

“Early readers” School Age  
 

Child development and 

emergent literacy Whitehurst, 

G.J., Lonigan, C.J., 1998 Child 

Development 
69(3), pp. 848-872  

Literature Review  No  No 4 Developmental 

Trajectories 

4 year olds children  Early Childhood  
 

Other minds in the brain: a 

functional imaging study of 

“theory of mind” in story 

comprehension Open Access 

Fletcher, P.C., Happé, F., Frith, 
U., (…), Frackowiak, R.S.J., 

Frith, C.D., 1995 Cognition 

57(2), pp. 109-128  

Short-term Experimental 

Study 

No  Yes 
  

24-65 year old 

men, (M=38) 

Adults  
 



 

 149 

Oral language and code-related 

precursors to reading: evidence 
from a longitudinal structural 

model. Storch, S.A., 

Whitehurst, G.J. 2002                        

Developmental psychology 

38(6), pp. 934-947                 

Correlational Longitudinal  No  No  1b 
 

preschool to 4th 

grade 

Early 

Childhood/School 
age  

 

Parental involvement in the 

development of children’s 
reading skill: A five-year 

longitudinal study          

Sénéchal, M., LeFevre, J.-A. 

2002                                         

Child Development 73(2), pp. 
445-460     

                                

Correlational Longitudinal  No  No 
  

preschool to third 

grade 

Early 

Childhood/School 
Age  

 

Development of Reading-

Related Phonological 

Processing Abilities: New 
Evidence of Bidirectional 

Causality From a Latent 

Variable Longitudinal Study 

Wagner, R.K., Torgesen, J.K., 

Rashotte, C.A. 1994 
Developmental Psychology 

30(1), pp. 73-87  

Correlation Longitudinal  No No 1a Phonological 

Awareness 

kindergarten to 2nd 

grade 

Early 

Childhood/School 

Age  

 

Links Between Behavioral 

Regulation and Preschoolers’ 

Literacy, Vocabulary, and 
Math Skills McClelland, M.m., 

Cameron, C.E., Connor, C.M., 

(…), Jewkes, A.M., Morrison, 

F.J. 2007 

Literature Review  No  Yes 1a  Executive 

Function  

preschoolers Early Childhood 
 

Accelerating Language 

Development Through Picture 

Book Reading            
Whitehurst, G.J., Falco, F.L., 

Lonigan, C.J., (…), Valdez-

Menchaca, M.C., Caulfield, M. 

1988                    

Developmental Psychology 
24(4), pp. 552-559                                               

Experimental Intervention 

(in university lab and audio 

taped at home) 

Yes No  2 Intervention 21-35 month old 

children 

Infants  
 



 

 150 

Early reading acquisition and 

its relation to reading , 
experience and ability 10 years 

later.Cunningham A.E., 

Stanovich, K.E.                       

1997 Developmental 

psychology 33(6), pp. 934-945  

Correlation Longitudinal  No  No  
  

1st graders followed 

until 11th grade 

School Age/         

Adolescents  

Changing relations between 

phonological processing 
abilities and word-level reading 

as children develop from 

beginning to skilled readers: a 

5-year longitudinal study. 

Wagner, R.K., Torgesen, J.K., 
Rashotte, C.A., (…), Donahue, 

J., Garon, T. 1997 

Developmental psychology 

33(3), pp. 468-479  

Correlation Longitudinal  No  No  1a Phonological 

Awareness 

kindergarten to 4th 

grade  

Early 

Childhood/School 
Age  

 

Expectation-based syntactic 

comprehension Levy, R. 2008 
Cognition 106(3), pp. 1126-

1177  

  

Literature Review  No No 
  

All/”humans” All  
 

Lesion analysis of the brain 

areas involved in language 
comprehension Dronkers, N.F., 

Van Valin Jr., R.D., Redfern, 

B.B., Jaeger, J.J. 2004 

Cognition 92(1-2), pp. 145-177          

Lab Short-term Experiment  No  No  
  

31-80 year old 

adults average 61.5 
years-old 

Adults  
 

Is there a causal link from 

phonological awareness to 
success in learning to read? 

Castles, A., Coltheart, M. 

Cognition volume 91, issue 1, 

2004 pp77-111  

Literature Review  No No  1a Phonological 

Awareness 

School Age School Age 
 

https://www.scopus.com/record/display.uri?eid=2-s2.0-1442351115&origin=resultslist&sort=cp-f&src=s&sid=07eb5f1d0488acaf75b5f1ccdaac86d2&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition++%22%2ct%2c%22+Journal+of+Educational+Psychology++%22%2ct%2c%22+Learning+and+Instruction++%22%2ct%2c%22+Developmental+Psychology++%22%2ct%2c%22+Developmental+Science++%22%2ct%2c%22+Child+Development++%22%2ct%2c%22+Educational+Evaluation+and+Policy+Analysis++%22%2ct%2c%22+Journal+of+the+Learning+Sciences++%22%2ct%2c%22+Journal+of+Cognitive+Psychology++%22%2ct%2c%22+Educational+Researcher++%22%2ct%2c%22+Sociology+of+Education++%22%2ct&sessionSearchId=07eb5f1d0488acaf75b5f1ccdaac86d2&relpos=11&citeCnt=500
https://www.scopus.com/record/display.uri?eid=2-s2.0-0345736915&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=13&citeCnt=572
https://www.scopus.com/record/display.uri?eid=2-s2.0-0345736915&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=13&citeCnt=572
https://www.scopus.com/record/display.uri?eid=2-s2.0-0345736915&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=13&citeCnt=572
https://www.scopus.com/record/display.uri?eid=2-s2.0-0345736915&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=13&citeCnt=572
https://www.scopus.com/record/display.uri?eid=2-s2.0-0345736915&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=13&citeCnt=572
https://www.scopus.com/record/display.uri?eid=2-s2.0-0345736915&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=13&citeCnt=572


 

 151 

Phonemes, rimes, vocabulary, 

and grammatical skills as 
foundations of early reading 

development: Evidence from a 

longitudinal study               

Muter, V., Hulme, C., 

Snowling, M.J., Stevenson, J.                 
2004 Developmental 

Psychology 40(5), pp. 665-681  

Correlation longitudinal  No  No  1a Phonological 

Awareness 

2-year longitudinal 

study children 
beginning at school 

entry 4 years 9 

months old (range 

= 4 years 2 months 

to 5 years 2 
months) 

Early Childhood  
 

Development of emergent 

literacy and early reading skills 
in preschool children: evidence 

from a latent-variable 

longitudinal study Lonigan, 

C.J., Burgess, S.R., Anthony, 

J.L. 2000 Developmental 
psychology 

36(5), pp. 596-613 

Correlation longitudinal  No  No  1a 
 

Group one (mean 

age = 41 months, 
SD = 9.41) 

followed from early 

to late preschool, 

and group two of 

children (mean age 
= 60 months, SD 

= 5.41) followed 

from late preschool 

to kindergarten or 

first grade 

Early 

Childhood/School 
Age  

 

A Picture Book Reading 

Intervention in Day Care and 
Home for Children From Low-

Income Families         

Whitehurst, G.J., Arnold, D.S., 

Epstein, J.N., (…), Smith, M., 

Fischel, J.E.                                  
1994                                       

Developmental Psychology 

30(5), pp. 679-689   

Experimental intervention 

(classroom and home) 

Yes No 2 Intervention 3 year old children Early Childhood  
 

Persistence of Dyslexics’ 

Phonological Awareness 
Deficits            Developmental 

Psychology 

Volume 28, Issue 5, September 

1992, Pages 874-886  

Correlation longitudinal  No  No  1a Phonological 

Awareness 

Children and 

Adults 

School Age and 

Adults  

X 

https://www.scopus.com/record/display.uri?eid=2-s2.0-33750170018&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=17&citeCnt=508
https://www.scopus.com/record/display.uri?eid=2-s2.0-33750170018&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=17&citeCnt=508
https://www.scopus.com/record/display.uri?eid=2-s2.0-33750170018&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=17&citeCnt=508
https://www.scopus.com/record/display.uri?eid=2-s2.0-33750170018&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=17&citeCnt=508
https://www.scopus.com/record/display.uri?eid=2-s2.0-33750170018&origin=resultslist&sort=cp-f&src=s&sid=d0dbb650f8e9e386c5eb68b67d689f8d&sot=a&sdt=a&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct&sessionSearchId=d0dbb650f8e9e386c5eb68b67d689f8d&relpos=17&citeCnt=508
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Ameliorating Early Reading 

Failure by Integrating the 
Teaching of Reading and 

Phonological Skills: The 

Phonological Linkage 

Hypothesis                         

Hatcher, P.J., Hulme, C., Ellis, 
A.W.                                         

1994                                                   

Child Development 

65(1), pp. 41-57                                  

Experimental intervention 

(classrooms)  

Yes No  1a Phonological 

Awareness 

7 year old children  School Age  
 

Phonological Memory and 

Vocabulary Development 
During the Early School Years: 

A Longitudinal Study  

Gathercole, S.E., Willis, C.S., 

Emslie, H., Baddeley, A.D. 

1992 Developmental 
Psychology 

28(5), pp. 887-898  

Correlational longitudinal  No No  1a Phonological 

Memory  

4, 5, 6, 7, and 8 

year old children 

Early 

Childhood/School 
age  
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Appendix Table 4.4 

Themes of Math Cognition and Learning Research Papers Across All Years 
 

All Years Math Study Title and 

publication info. 

Study type (lit 

review, 

correlational cross 

section, correlation 
longitudinal, 

lab/school short 

term experiment, 

experimental study, 

or non-
experimental 

(intervention) 

RCT? Social-Emotional? Themes 

including 

Domain  

General  

Domain 

Specific vs 

Domain 

General or 
Intervention  

Age Range Age Range 

Designation  

Attention to 

Disability  

Relating effortful control, 
executive function, and false 

belief understanding to 

emerging math and literacy 

ability in kindergarten Blair, 

C., Razza, R.P. 2007                                        
Child Development 78(2), pp. 

647-663                                   

Correlation 
Longitudinal  

No  Yes 1a 
 

3 to 5 year old 
children 

Early childhood  
 

Large number discrimination 

in 6-month-old infants Xu, F., 

Spelke, E.S. 2000 Cognition 

74(1), pp. B1-B11  

Short-term 

Experiment  

Yes No 1b Number 

Knowledge  

6 month old 

infants 

Infants  
 

Links Between Behavioral 
Regulation and Preschoolers’ 

Literacy, Vocabulary, and 

Math Skills McClelland, M.M., 

Cameron, C.E., Connor, C.M., 

(…), Jewkes, A.M., Morrison, 
F.J.                                             

2007                       

Developmental Psychology 

43(4), pp. 947-959                                    

Literature Review  No  Yes 1a, 1b 
 

preschoolers Early childhood 
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Developmental Change in the 

Acuity of the “Number Sense”: 
The Approximate Number 

System in 3-, 4-, 5-, and 6-

Year-Olds and Adults  

Halberda, J., Feigenson, L.     

2008                               
Developmental Psychology 

44(5), pp. 1457-1465 

Short-term 

Experiment    

No  No  1b Number 

Knowledge  

3 to 6 year old 

children 

Early 

childhood/school 
age  

 

Rethinking Scale: Moving 

Beyond Numbers to Deep and 
Lasting Change 

Coburn, C.E.                              

2003 

Educational Researcher 

32(6), pp. 3-12 

Literature Review  No  No 
 

Number 

Knowledge  

Applicable to all 

but infants 

All  
 

Developmental trajectory of 

number acuity reveals a severe 
impairment in developmental 

dyscalculia                             

Piazza, M., Facoetti, A., 

Trussardi, A.N., (…), Dehaene, 

S., Zorzi, M.                             
2010                                          

Cognition 116(1), pp. 33-41 

Correlation Cross 

Sectional  

No  No  3, 4 Number 

Knowledge  

8 to 12 year old 

children 

School 

age/adolescents  

X 

Early Math Matters: 

Kindergarten Number 
Competence and Later 

Mathematics Outcomes   

Jordan, N.C., Kaplan, D., 

Ramineni, C., Locuniak, M.N. 

2009                                
Developmental Psychology 

45(3), pp. 850-867  

Correlation 

Longitudinal  

No No 1b Number 

Knowledge  

kindergarten to 1st 

grade 

Early 

Childhood/School 
Age  
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Basic numerical skills in 

children with mathematics 
learning disabilities: A 

comparison of symbolic vs 

non-symbolic number 

magnitude processing                         

Rousselle, L., Noël, M.-P.      
2007                                

Cognition 

102(3), pp. 361-395  

Correlation Cross 

Sectional 

No No  3 Number 

Knowledge  

second graders School Age X 

Math and science motivation: 

A longitudinal examination of 
the links between choices and 

beliefs Simpkins, S.D., Davis-

Kean, P.E., Eccles, J.S. 2006 

Developmental Psychology 

42(1), pp. 70-83  

Correlation 

Longitudinal  

No  Yes 
  

5th, 6th, and 10th 

grade 

School Age/ 

Adolescents  

Promoting broad and stable 

improvements in low-income 

children’s numerical 
knowledge through playing 

number board games Ramani, 

G.B., Siegler, R.S.      2008                                         

Child Development 

79(2), pp. 375-394  

Experimental 

Intervention  

Yes No 2 Intervention 

on Number 

Knowledge  

preschoolers 

(M=5.4 years) 

Early 

Childhood/School 

Age  

 

Cognitive predictors of 

achievement growth in 

mathematics: A 5-year 
longitudinal study               

Geary, D.C. 2011 

Developmental Psychology 

47(6), pp. 1539-1552  

Correlation 

Longitudinal  

No  No  1b Number 

knowledge  

1st grade through 

5th grade 

School Age 
 

Pathways to Mathematics: 

Longitudinal Predictors of 

Performance                     
Lefevre, J.-A., Fast, L., 

Skwarchuk, S.-L., (…), 

Kamawar, D., Penner-Wilger, 

M.2010                                        

Child Development 
81(6), pp. 1753-1767 

Correlation 

Longitudinal 

No  No  1b Number 

knowledge  

4.5-7.5 year old 

children 

Early 

Childhood/School 

Age  
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Number sense growth in 

kindergarten: A longitudinal 
investigation of children at risk 

for mathematics difficulties                            

Jordan, N.C., Kaplan, D., 

Nabors Oláh, L., Locuniak, 

M.N. 2006                                        
Child Development 

77(1), pp. 153-175 

Correlation 

Longitudinal  

No No  1b Number 

Knowledge  

kindergarten 

(M=5.8) 

Early 

Childhood/School 
Age  

X 

Preschool Executive 

Functioning Abilities Predict 

Early Mathematics 

Achievement Clark, C.A.C., 
Pritchard, V.E., Woodward, 

L.J. 2010 Developmental 

Psychology 

46(5), pp. 1176-1191  

Literature Review  No No 1a Includes 

Number 

Knowledge  

2 to 6 year old 

children  

Early 

Childhood/School 

Age 

X 

Impaired acuity of the 

approximate number system 

underlies mathematical 

learning disability (dyscalculia)  
Mazzocco, M.M.M., 

Feigenson, L., Halberda, J.                       

2011                                        

Child Development 82(4), pp. 

1224-1237           

Correlation Cross 

Sectional  

No No 3 Number 

knowledge  

ninth graders Adolescents  X 

A Longitudinal Study of 

Mathematical Competencies in 

Children with Specific 

Mathematics Difficulties 
Versus Children with 

Comorbid Mathematics and 

Reading Difficulties                         

Jordan, N.C., Hanich, L.B., 

Kaplan, D.                              
2003                                      

Child Development 

74(3), pp. 834-850 

Correlation 

Longitudinal  

No No 3 
 

2nd and 3rd graders 

(7-9 years old 

children) 

School Age X 
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Student/teacher relations and 

attitudes toward mathematics 
before and after the transition 

to junior high school.                                

Midgley, C., Feldlaufer, H., 

Eccles, J.S.                               

1989                                         
Child development 60(4), pp. 

981-992  

Correlation 

Longitudinal  

No Yes 
  

entering 7th 

graders to 8th 
graders 

Adolescents  
 

Number sense in human infants                           

Xu, F., Spelke, E.S., Goddard, 
S.  2005                                 

Developmental Science 8(1), 

pp. 88-101 

Short-term 

Experiment 

No  No  1b Number 

knowledge  

6 month old 

infants 

Infants  
 

Preschool acuity of the 

approximate number system 
correlates with school math 

ability Open Access Libertus, 

M.E., Feigenson, L., Halberda, 

J. 2011 Developmental Science 

14(6), pp. 1292-1300  

Correlation 

Longitudinal 

No No 1b Approximate 

Number 
System 

(ANS) 

3 to 5 year old 

children 

Early Childhood  
 

Math-Gender Stereotypes in 

Elementary School Children 
Open Access Cvencek, D., 

Meltzoff, A.N., Greenwald, 

A.G. 2011 Child Development 

82(3), pp. 766-779  

Short-term 

Experiment  

No No 
  

6 to 10 year old 

children  

School Age 
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Appendix Table 4.5 

Themes of Reading Research and. Math Cognition Research 1980-1989 
 

1980-1989 Reading/Literacy 

Study Title and publication 

info.  

Study type (lit 

review, 

correlational 
cross section, 

correlation 

longitudinal, 

lab/school short 

term 
experiment, 

experimental 

study, or non-

experimental 

(intervention) 

RCT? Social-Emotional? Age Range Age Range Designation  Attention to 

Disability 

Domain 

General 

Accelerating Language 

Development Through 

Picture Book Reading 

 

 
  

Experimental 

Intervention (In 

university lab 

and audio taped 

at home) 

Yes No 21 to 35- month-olds Infants No 
 

The time course of 

phonological code activation 

in two writing systems  

Correlation 

Longitudinal   

No  No Adults Adults in Chinese Study Undergrads in 

English Study 

Yes 
 

Literacy training and speech 

segmentation  

Short-term 

Experiment  

No  No  17 to 60 year old adults Adults    No 
 

Automaticity, retrieval 

processes, and reading: a 
longitudinal study in average 

and impaired readers.  

Longitudinal 

School 
Experiment  

No  No 5 to 8-year- old children Early Childhood & School Age Yes X 

Does reading develop in a 
sequence of stages?  

Correlation 
Longitudinal   

No  No “Nursery School to 4th year of 
school” 4 to 8-year-olds 

Early Childhood & School Age No (One 
mention of 

dyslexia) 

 

Development of 
Grammatical-Sensitivity, 

Phonological, and Short-

Term Memory Skills in 

Normally Achieving and 

Learning Disabled Children  

Correlation 
Longitudinal   

No  No 7 to 14 year old 
children/adolescence  

School Age to Adolescence  Yes X 

Long-term prediction of 
achievement and attitudes in 

mathematics and reading.  

Correlation 
Longitudinal   

No  No Median age 5.4 years at start 
and then followed 11 years 

Early Childhood, School Age, Adolescence No 
 

https://www.scopus.com/record/display.uri?eid=2-s2.0-58149371106&origin=resultslist&sort=cp-f&src=s&sid=231efe0f0228030b8583cece61a16873&sot=a&sdt=cl&cluster=scoexactsrctitle%2c%22Cognition%22%2ct%2c%22Journal+of+Educational+Psychology%22%2ct%2c%22Learning+and+Instruction%22%2ct%2c%22Developmental+Psychology%22%2ct%2c%22Developmental+Science%22%2ct%2c%22Child+Development%22%2ct%2c%22Educational+Evaluation+and+Policy+Analysis%22%2ct%2c%22Journal+of+the+Learning+Sciences%22%2ct%2c%22Journal+of+Cognitive+Psychology%22%2ct%2c%22Educational+Researcher%22%2ct%2c%22Sociology+of+Education%22%2ct%2bscopubyr%2c%221989%22%2ct%2c%221988%22%2ct%2c%221987%22%2ct%2c%221986%22%2ct%2c%221985%22%2ct%2c%221984%22%2ct%2c%221983%22%2ct%2c%221982%22%2ct%2c%221981%22%2ct%2c%221980%22%2ct&sessionSearchId=231efe0f0228030b8583cece61a16873&relpos=0&citeCnt=727
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Language mechanisms and 

reading disorder: A modular 
approach 

Literature 

Review 

No  No “Pre-school and school age” Early Childhood & School Age  Yes 
 

Comprehension of sentences 

by bottlenosed dolphins  

Short-term 

Experiment  

No  No Animals  Animals No 
 

Syntactic determinants of 

sentence comprehension in 
aphasia  

Short-term 

Experiments (3)  

No  No 34 to 66 year-old adults Adults    Yes 
 

Phonological awareness: The 

role of reading experience  

Correlation 

Longitudinal   

No  No  1st graders, mean age 84.4 

months at beginning  

School Age No 
 

Joint book reading as a 

multiple vocabulary 
acquisition device  

Correlation 

Longitudinal   

No  No 17 to 22 month old infants Mother-Infant Dyads No 
 

Phonological deficiencies in 

children with reading 
disability: Evidence from an 

object-naming task  

Correlation 

Longitudinal   

No  No 3rd graders School Age and adults Yes 
 

Conversational 

comprehension processes are 
responsible for reasoning 

fallacies in children as well as 

adults: If is not the 

biconditional 

  

Short-term 

Experiments (2)  

No  No Experiment 1: undergraduates 

and 10-year-olds. Experiment 
2: undergraduates, 10-year-

olds and seven-year-olds 

School Age and adults No 
 

Short-term memory processes 

in children with reading and 

arithmetic learning 

disabilities 

  

Short-term 

Experiments  

No  No 7 to 13-year-olds School Age to adolescence  Yes X 

Levels of processing and 

vocabulary types: Evidence 

from on-line comprehension 

in normals and agrammatics  

Short-term 

Experiment  

No  No  “University Students” Adults Yes 
 

A developmental approach to 

reading disability: accuracy 

and speed criteria of normal 

and deficient reading skill.  

Short-term 

Experiment 

No  No Median age 10.9 years-old School Age Yes 
 

Reading disabilities: the case 

of Chinese, Japanese, and 

English. 

Short-term 

Experiment  

No  No 5th graders School Age Yes 
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Can Comprehension Be 

Taught?: A Quantitative 
Synthesis of “Metacognitive” 

Studies 

“Quantitative 

Synthesis” 
(Meta-analysis) 

No  No 2nd-12th grade School Age to adolescence  No 
 

Phonological blocking in the 

tip of the tongue state  

Short-term 

Experiment 

No  No Undergraduate students Adults  No 
 

1980-1989 Math Cognition 

and Learning Study Title and 
publication info.  

              

Student/teacher relations and 

attitudes toward mathematics 
before and after the transition 

to junior high school.  

Correlation 

Longitudinal   

No  Yes 5th graders followed until they 

were 6th graders 

School Age to Adolescence No 
 

Long-term prediction of 

achievement and attitudes in 
mathematics and reading.  

Correlation 

Longitudinal   

No  No Median age 5.4 years at start 

and then followed 11 years 

Early Childhood, School age, Adolescence No 
 

Gender, Mathematics, and 

Science  

Meta-analysis  No  Yes Infants through adults Infants through Adults/All  No 
 

Candy Selling and Math 

Learning 

  

Mixed-methods 

descriptive 

study  

No  No 5 to 15 year old 

children/adolescence  

Early Childhood through Adolescence  No 
 

A Curriculum out of Balance: 

The Case of Elementary 
School Mathematics  

Exploratory 

Analysis of 
nature and 

variability of 

elementary 

school math 

instruction 
  

No  No 3rd, 4th, and 5th graders School Age No 
 

Mathematics classrooms in 

Japan, Taiwan, and the 

United States. 

 
 

  

Correlation 

Longitudinal 

(coded 

observations 
over multiple 

time-points)  

No  No 1st and 5th graders School Age No 
 

Gender Differences in Math 

Ability: The Impact of Media 

Reports on Parents  

Survey  No  No  Adolescents  Adolescents No   
 

Low and High Mathematics 

Achievement in Japanese, 

Chinese, and American 
Elementary-School Children 

Correlational 

Cross Section 

No  No 1st and 5th graders School Age No  
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Gender Differences in 

Mathematics. A Function of 
Parental Support and Student 

Sex Typing? 

Correlational 

Cross Section 

No  No  Mean 13.7 years of age Adolescents No 
 

The adipocyte-number 

hypothesis. 
 

  

Short-term 

Experiment with 
rats about fat 

cells. N/A 

NA NA NA Animals No  
 

Development of Absolute and 

Relative Concepts of Number 

in Preschool Children  

Short-term 

Experiment  

No No  3, 4, and 5-year-olds Early Childhood and School Age No 
 

Preschoolers’ use of number 

words to denote one-to-one 

correspondence.  

Short-term 

Experiments (2 

tasks) 

No No  3.5 and 4 year old children Early Childhood     No 
 

The effect of class and 

collection labels on 

cardinality, class-inclusion, 
and number conservation 

tasks.  

Short-term 

Experiments (3 

tasks)  

No No  4 year old kindergarteners 

and 1st graders 

Early Childhood and School age No 
 

Mathematics and Natural 

Language in the Classroom  

Descriptive 

Study 

No No  Appears to be school age Appears to be school age No 
 

A Mathematician’s Research 

on Math Instruction  

Descriptive 

Study 

No No  Appears to be adolescents 

being taught by the focus of 

the article which is the 
teacher (an adult) 

Appears to be Adolescents being taught by 

the focus of the article which is the teacher 

(an adult) counted only as Adolescents  

No 
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Appendix Table 4.6 

Themes of Reading Research and Math Cognition Research 1990-1999 
 

 

1990-1999 Reading/Literacy 

Study Title and publication 
info.  

Study type (lit 

review, 
correlational 

cross section, 

correlation 

longitudinal, 

lab/school short 
term experiment, 

experimental 

study, or non-

experimental 

(intervention) 

RCT? Social-Emotional? Age Range Age Range Designation  Attention to 

Disability 

Domain 

General 

Phonological recoding and 

self-teaching: sine qua non of 

reading acquisition  

Literature Review  No No “Early readers” School Age  No 
 

Child development and 

emergent literacy  

Literature Review  No No 4 year-olds Early Childhood No 
 

Other minds in the brain: a 

functional imaging study of 

“theory of mind” in story 

comprehension  

Short-term 

Experimental 

Study 

No No 24-65 year old men, (M=38) Adults No X 

Development of Reading-

Related Phonological 

Processing Abilities: New 

Evidence of Bidirectional 

Causality From a Latent 
Variable Longitudinal Study  

Correlation 

Longitudinal  

No No Kindergarten to 2nd grade Early Childhood/School age  No 
 

Early reading acquisition and 

its relation to reading 

experience and ability 10 

years later.  

Correlation 

Longitudinal  

No No 1st graders followed until 11th 

grade 

School age/adolescents No 
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Changing relations between 

phonological processing 
abilities and word-level 

reading as children develop 

from beginning to skilled 

readers: a 5-year longitudinal 

study. 

Correlation 

Longitudinal  

No No Kindergarten to 4th grade  Early Childhood/School Age  No 
 

A Picture Book Reading 

Intervention in Day Care and 
Home for Children From 

Low-Income Families 

Experimental 

Intervention  

Yes No 3 year old children Early Childhood No 
 

Persistence of Dyslexics’ 

Phonological Awareness 
Deficits 

Short-term 

Experimental 
Study 

No No 8-16 year old children, 19-27 

year-old adults, 1st, 2nd and 3rd 
graders, college students 

School Age, Adults Yes 
 

Ameliorating Early Reading 

Failure by Integrating the 
Teaching of Reading and 

Phonological Skills: The 

Phonological Linkage 

Hypothesis 

Experimental 

Intervention  

Yes No 7 year-olds School Age No 
 

Phonological Memory and 

Vocabulary Development 
During the Early School 

Years: A Longitudinal Study 

Correlational 

Cross Sectional  

No No 4, 5, 6, and 8 year old 

children 

Early Childhood/School Age  No 
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Contrasting Cognitive 

Deficits in Attention Deficit 
Hyperactivity Disorder 

Versus Reading Disability  

Correlational 

Cross Sectional  

No No 7 to 10 year old boys School Age Yes X 

Phonological Processing 

Skills and Deficits in Adult 
Dyslexics  

Correlational 

Cross Sectional   

No No Mid-twenties to early thirties Adults Yes 
 

The influence of orthographic 

consistency on reading 
development: word 

recognition in English and 

German children  

Short-term 

Experimental 
Study 

No No 7, 8 and 9 year old children School Age No 
 

Phonological short-term 

memory and new word 
learning in children.  

Correlational 

Cross Sectional  

No No 5-year-olds Early Childhood No 
 

Phonological skills are 

important in learning to read 
Chinese.  

Correlational 

Longitudinal  

No No  3 year old children retested at 

4 and 5 years old 

Early Childhood No 
 

Phonological awareness and 

visual skills in learning to 
read Chinese and English  

Correlational 

Cross Sectional  

No No 8 year old children School Age No 
 

The mental representation of 

lexical form: A phonological 
approach to the recognition 

lexicon 

Correlational 

Cross Sectional 

No No Described as Native Speakers 

of Bengahli in Calcutta.  

Appears to be Adults No 
 

Quality of adult book reading 

affects children’s emergent 
literacy.  

Correlation 

Longitudinal  

No No 4 year old children and their 

parents 

Early Childhood No 
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Individual Differences in 

Contextual Facilitation: 
Evidence from Dyslexia and 

Poor Reading Comprehension  

Short-term 

Experimental 
Study (2) 

No No 7 to 10-year-olds School Age Yes 
 

Accelerating Language 

Development Through 
Picture Book Reading: A 

Systematic Extension to 

Mexican Day Care  

Correlational 

Longitudinal  

Yes No 2 year old children Early Childhood No 
 

1990-1999 Math Cognition 

and Learning Study Title and 
publication info.  

              

Motivation and Mathematics 

Achievement: A Comparative 
Study of Asian‐American, 

Caucasian‐American, and 

East Asian High School 

Students 

Correlational 

Cross-Section 

No  Yes mean age = 17.6 years Adolescents  No 
 

Problem solving as a basis for 

reform in curriculum and 
instruction: The case of 

mathematics  

Literature Review  No No  Not explicitly stated. 

Applicable to school age  and 
beyond 

Not explicitly stated. Applicable to school 

age and beyond. 

No 
 

Cross-linguistic regularities in 

the frequency of number 
words 

Correlational 

Cross Sectional 

No No Data from many language 

samples.  Adults it appears  

Adults  No 
 

Alternative representations of 

time, number, and rate 

Short-term 

Experiment with 
rats 

No No N/A N/A No 
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The Influence of Spatial 

Ability on Gender 
Differences in Mathematics 

College Entrance Test Scores 

Across Diverse Samples 

Correlational 

Cross Sectional  

No No Pre-adolescents, Adolescents, 

Adults 

School Age, Adolescents, Adults  No 
 

Mediators of gender 

differences in mathematics 
college entrance test scores: a 

comparison of spatial skills 

with internalized beliefs and 

anxieties. 

Correlational 

Cross Sectional  

No Yes 13 year-olds and 

undergraduates 

Adolescents and Adults No 
 

Images of numbers, or “when 

98 is upper left and 6 sky 
blue” 

Literature Review 

(and 
questionnaires)  

No  No  Undergraduates Adults  No 
 

Mathematics Achievement of 

Children in China and the 
United States  

Correlational 

Cross Sectional  

No  No  1st and 5th graders in China 

and The United States. Mean 
ages: 1st grade (6.9 and 6.4 

respectively) and 5th grade 

(11.2 and 10.2 respectively)  

School Age No 
 

Single-digit and two-digit 

Arabic numerals address the 

same semantic number line  

Short-term 

Experimental 

study 

No  No  1st year psychology 

undergraduates (Dutch) 

Adults  No 
 

Time Use and Mathematics 

Achievement among 

American, Chinese, and 

Japanese High School 
Students 

Correlational 

Cross Sectional  

No  Yes 16 and 17-year-olds Adolescents  No 
 

Beginning School Math 

Competence: Minority and 

Majority Comparisons 

Correlational 

Cross Sectional  

No  Yes 1st graders 6 years and 11 

months or younger at the start 

of 1st grade 

School Age No 
 

Constructivism in 

Mathematics and Science 

Education 

Literature Review  No  No  Not explicitly stated Not explicitly stated applicable to all but all 

but infants 

No 
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Development of Verbatim 

and Gist Memory for 
Numbers 

Short-term 

Experimental 
Study (2) 

No  No  2nd graders (mean 8 years 2 

months) and preschoolers (5 
years 4 months)  

School Age No 
 

Life span changes in visual 

enumeration: The number 

discrimination task 

Correlational 

Cross Sectional  

No  No  6, 8, 10, 22 and 72 year-olds School Age and Adults No 
 

Poor school funding, child 

poverty, and mathematics 

achievement  

Correlational 

Cross Sectional  

No  No  8th grade students and High 

School Seniors 

Adolescents  No 
 

Explaining Gender 

Differences on SAT-Math 

Items 

Correlational 

Cross Sectional  

No  No  11th and 12th grade students. 

(Mean age 16 years 6 

months).  

Adolescents  No 
 

New perspectives on gender 

differences in mathematics: 

An introduction  

Literature Review  No  No  1st-3rd graders School Age No 
 

Number-based expectations 

and sequential enumeration 

by 5-month-old infants 

Short-term 

Experimental 

Study (3) 

No  No  5 month old infants Infants No 
 

The Development of 

Everyday Mathematics in 

Brazilian Children with 

Limited Formal Education 

Correlational 

Cross Sectional  

No  No  4 to 14 year-olds Early Childhood to Adolescence  No 
 

Making Numbers Count: The 

Early Development of 

Numerical Inferences 

Short-term 

Experimental 

Study (2) 

No  No  3 and 4-year-olds Early Childhood   No 
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Appendix Table 4.7 

Themes of Reading Research and. Math Cognition Research 2000-2009 

 
2000-2009 Reading/Literacy 

Study Title and publication 
info.  

Study type (lit 

review, 
correlational 

cross section, 

correlation 

longitudinal, 

lab/school short 
term experiment, 

experimental 

study, or non-

experimental 

(intervention) 

RCT? Social-

Emotional? 

Age Range Age Range Designation  Attention to 

Disability 

Domain 

General 

Relating effortful control, 

executive function, and false 

belief understanding to 

emerging math and literacy 

ability in kindergarten           

Correlation 

Longitudinal  

No Yes 4-year-olds Early Childhood No X 

Oral language and code-

related precursors to reading: 

evidence from a longitudinal 
structural model.  

Correlation 

Longitudinal  

No No  preschool to 4th grade Early Childhood/School Age  No 
 

Parental involvement in the 

development of children’s 

reading skill: A five-year 
longitudinal study  

Correlational 

Longitudinal  

No No  Preschool to third grade Early Childhood/School Age  No 
 

Links Between Behavioral 

Regulation and Preschoolers’ 

Literacy, Vocabulary, and 
Math Skills 

Correlation 

Longitudinal  

No Yes Preschoolers Early Childhood  No X 
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Expectation-based syntactic 

comprehension  

Literature 

Review  

No No  All/”humans” All  No 
 

Lesion analysis of the brain 

areas involved in language 
comprehension  

Short-term 

Experiment    

No No  31-80 year old adults, average 

61.5 years-old 

Adults No 
 

Is there a causal link from 

phonological awareness to 
success in learning to read?  

Literature 

Review  

No No  Various/All Various/All  No  
 

Phonemes, rimes, vocabulary, 

and grammatical skills as 
foundations of early reading 

development: Evidence from 

a longitudinal study  

Correlation 

Longitudinal  

No No  2-year longitudinal study of 90 

British children beginning at 
school entry when they were 4 

years 9 months old (range = 4 

years 2 months to 5 years 2 

months) 

Early Childhood No 
 

Development of emergent 

literacy and early reading 
skills in preschool children: 

evidence from a latent-

variable longitudinal study.  

Correlation 

Longitudinal  

No No  1 group of children  (mean age 

= 41 months, SD = 9.41) 
were followed from early to 

late preschool, and another 

group of children (mean age = 

60 months, SD = 5.41) were 

followed from late preschool 
to kindergarten or first grade. 

Early Childhood/School Age  No 
 

Family Risk of Dyslexia Is 

Continuous: Individual 
Differences in the Precursors 

of Reading Skill  

Correlation 

Longitudinal  

No No  3 years, 9 months to 8 years 

old 

Early Childhood/School Age  Yes 
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Pathways to reading: The role 

of oral language in the 
transition to reading  

Correlation 

Longitudinal 

No No  4.5-7.5 year old children Early Childhood/School Age  No 
 

Early reading development in 

children at family risk for 
dyslexia  

Correlation 

Longitudinal  

No  No Kindergarten to 2nd grade School Age  Yes 
 

A Longitudinal Study of 

Mathematical Competencies 
in Children with Specific 

Mathematics Difficulties 

Versus Children with 

Comorbid Mathematics and 

Reading Difficulties 

Correlation 

Longitudinal  

No No  2nd and 3rd graders (7-9 years 

old children) 

School Age Yes 
 

The role of phonological 

awareness and visual-
orthographic skills in Chinese 

reading acquisition.  

Correlation 

Longitudinal 

No  No  1st, 2nd, 3rd, 5th graders School Age No  
 

The Development of Reading 

in Children Who Speak 
English as a Second 

Language  

Correlation 

Longitudinal 

No  No Kindergarten to 2nd grade School Age Yes 
 

The role of prosodic 

boundaries in the resolution 
of lexical embedding in 

speech comprehension  

Short-term 

Experiment    

No  No  University Students  Adults  No  
 

Cross-cultural similarities in 

the predictors of reading 
acquisition  

Correlation Cross 

Sectional 

No  No  Kindergarten and 1st grade (3-

7.1 years old) 

Early Childhood/School Age  No  
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The Development of 

Phonological Awareness in 
Preschool Children  

Correlation 

Longitudinal  

No No  Preschoolers (3;11 to 6;6 

years-old) 

Early Childhood Yes 
 

Contemporaneous and 

longitudinal associations 
between social behavior and 

literacy achievement in a 

sample of low-income 

elementary school children  

Correlation 

Longitudinal  

No  Yes Between 4 and 6 years old 

when the study began and then 
followed to 3rd and 5th grade. 

Early Childhood/School Age  Yes 
 

Individualizing student 

instruction precisely: Effects 
of child × instruction 

interactions on first graders’ 

literacy development  

Correlation 

Longitudinal  

Yes No Average age 6.7. years at start School Age No  
 

2000-2009 Mathematics 
Study Title and publication 

info. 

              

Relating effortful control, 
executive function, and false 

belief understanding to 

emerging math and literacy 

ability in kindergarten 

Correlation 
Longitudinal  

No Yes 3 to 5 year old children Early Childhood  No X 

Large number discrimination 
in 6-month-old infants 

Short-term 
Experiment    

Yes No  6 month old infants Infants  No 
 

Links Between Behavioral 
Regulation and Preschoolers’ 

Literacy, Vocabulary, and 

Math Skills 

Correlation 
Longitudinal  

No  Yes preschoolers Early Childhood No X 

Developmental Change in the 

Acuity of the “Number 
Sense”: The Approximate 

Number System in 3-, 4-, 5-, 

and 6-Year-Olds and Adults  

Short-term 

Experiment    

No  No  3 to 6 year old children Early Childhood/School Age  No 
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Rethinking Scale: Moving 

Beyond Numbers to Deep and 
Lasting Change  

Literature 

Review  

No No  N/A All except infants No  
 

Early Math Matters: 

Kindergarten Number 
Competence and Later 

Mathematics Outcomes  

Correlation 

Longitudinal 

No No  kindergarten to 1st grade Early Childhood/School Age  No  
 

Basic numerical skills in 

children with mathematics 
learning disabilities: A 

comparison of symbolic vs 

non-symbolic number 

magnitude processing  

Correlation cross 

sectional 

No  No  second graders School Age Yes 
 

Promoting broad and stable 

improvements in low-income 

children’s numerical 

knowledge through playing 
number board games 

Experimental 

Intervention  

Yes  No  preschoolers (M=5.4 years) Early Childhood/School Age  No  
 

Math and science motivation: 

A longitudinal examination of 

the links between choices and 

beliefs 

Correlation 

longitudinal  

No Yes 5th, 6th, and 10th grade School Age/Adolescence  No 
 

Number sense growth in 

kindergarten: A longitudinal 

investigation of children at 

risk for mathematics 
difficulties 

Longitudinal 

Correlation  

No No  kindergarten (M=5.8) Early Childhood/School Age  Yes 
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A Longitudinal Study of 

Mathematical Competencies 
in Children with Specific 

Mathematics Difficulties 

Versus Children with 

Comorbid Mathematics and 

Reading Difficulties 

Correlation 

Longitudinal  

No No  2nd and 3rd graders (7-9 years 

old children) 

School Age Yes 
 

Number sense in human 

infants 

Short-term 

Experiment    

No No  6 month old infants Infants  No 
 

The construction of large 

number representations in 
adults 

Short-term 

Experiments  

No No  18 to 35 year old men and 

women 

Adults No  
 

Decade breaks in the mental 

number line? Putting the tens 

and units back in different 
bins  

Short term lab 

experiments  

No  No “German students (16 men)” Adults No 
 

Preschool children’s 

mathematical knowledge: The 

effect of teacher “math talk” 

Correlation 

Longitudinal 

No  No  preschoolers. Average age 4 

years 8 months at the 

beginning  

Early Childhood No  
 

Number as a cognitive 

technology: Evidence from 

Pirahã language and 

cognition 

Short-term 

Experiment    

No  No  adults  Adults No  
 

Calibrating the mental 
number line 

Short-term 
Experiment    

No  No  adults  Adults No  
 

How counting represents 

number: What children must 

learn and when they learn it  

Short-term 

Experiment  

No  No  2 to 4 year-olds Early Childhood  No  
 

Language and number: A 

bilingual training study  

Short term 

experiment (3) 

No  No  college students (Russian) Adults No  
 

Core information processing 

deficits in developmental 
dyscalculia and low 

numeracy 

Correlation Cross 

Sectional 

No  No  8 and 9 year old children School age Yes 
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Appendix Table 4.8 

Themes of Reading Research and. Math Cognition Research 2010-2019 
 

 

2010-2019 Reading/Literacy 

Study Title and publication 
info.  

Study type (lit 

review, 
correlational 

cross section, 

correlation 

longitudinal, 

lab/school short 
term 

experiment, 

experimental 

study, or non-

experimental 
(intervention) 

RCT? Social-

Emotional? 

Age Range Age Range Designation  Attention 

to 
Disability 

Domain General 

Impacts of a prekindergarten 

program on children’s 

mathematics, language, 

literacy, executive function, 
and emotional skills  

Correlation 

Longitudinal 

Yes Yes 4 and 5-year old children  Early Childhood/School Age  No  X 

Relation Between Language 

Experiences in Preschool 

Classrooms and Children’s 

Kindergarten and Fourth-
Grade Language and Reading 

Abilities 

  

Correlation 

Longitudinal 

No  No  preschool and 4th grade 

preschool (mean age=5; 6) 

followed up at 4th grade (mean 

age=9;7) 

Early Childhood/School Age No  
 

Fine motor skills and early 

comprehension of the world: 
Two new school readiness 

indicators 

  

Correlation 

Longitudinal 

No No  kindergarten, 1st, 3rd, & 5th 

graders 

School Age No  
 

The effect of word 

predictability on reading time 
is logarithmic  

Short-term 

Experiments  

No No  Appears to be adults, not 

discussed, other larger data sets 
referenced 

Adults No  
 

Mapping numerical 

processing, reading, and 
executive functions in the 

developing brain: An fMRI 

meta-analysis of 52 studies 

including 842 children 
  

Short-term 

Experiments  

No No  4.2 to 17-year-olds Early Childhood/School Age/Adolescents  No  X 

Speaking out for language: 

Why language is central to 

reading development  

Literature 

Review  

No No  Various studies included 

participants: ages 3 up to 21 

years-old 

School Age/Adolescents/Adults  No  
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Two-Year Impacts of a 

Universal School-Based 
Social-Emotional and 

Literacy Intervention: An 

Experiment in Translational 

Developmental Research 

  

Correlation 

Longitudinal 

Yes Yes Average 8.17 in treatment and 

8.18 in control at time one 

School Age  No  
 

Language and literacy 

development of deaf and 

hard-of-hearing children: 

successes and challenges. 

  

Literature 

Review  

No No  Newborn-“children” Infants, Early Childhood, School Age Yes 
 

Trajectories of the home 

learning environment across 

the first 5years: Associations 

with children’s vocabulary 

and literacy skills at 
prekindergarten 

  

Correlation 

Longitudinal 

No No  Infants/children at: 15, 25, 37, 

and 63 months 

Infants, Early Childhood, School Age No  
 

A Systemic View of 

Implementing Data Literacy 

in Educator Preparation 

Literature 

Review  

No No  Adults  Adults  No  
 

Bilingualism influences 

inhibitory control in auditory 

comprehension  

Correlation 

Cross Sectional  

No No  School Age and Adults  School Age/Adults No  X 

How is phonological 

processing related to 

individual differences in 
children’s arithmetic skills? 

  

Correlation 

Cross Sectional  

No No  9 to 11 year old children (Mean 

10 years SD 8 months)  

School Age No  
 

Increasing Young Children’s 

Contact With Print During 

Shared Reading: Longitudinal 
Effects on Literacy 

Achievement 

Correlation 

Longitudinal 

Yes No  4 year-olds Early Childhood  No  
 

The gap between Spanish 

speakers’ word reading and 

word knowledge: A 
longitudinal study 

  

Longitudinal 

Correlational  

No No  4.5 year-olds to 11 year-olds  Early Childhood/School Age  No  
 

Computer-Assisted Remedial 

Reading Intervention for 

School Beginners at Risk for 
Reading Disability  

Longitudinal 

Correlational  

Yes No  7 year-olds (Finnish)  School Age Yes 
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Proximate units in word 

production: Phonological 
encoding begins with 

syllables in Mandarin 

Chinese but with segments in 

English 

  

Short-term 

Experiments  

No No  Undergraduates  Adults No  
 

Continuity and change in the 

home literacy environment as 

predictors of growth in 

vocabulary and reading 

Longitudinal 

Correlational  

No  No  English-speaking children 

schooled in French were 

followed from kindergarten to 

Grade 2 (M age: T1 = 5;6, T2 = 

6;4, T3 = 6;11, T4 = 7;11) 

School Age  No  
 

Early Reading Skills and 

Academic Achievement 

Trajectories of Students 

Facing Poverty, 

Homelessness, and High 
Residential Mobility 

  

Longitudinal 

Correlational  

No  No  1st-5th grade  School Age  No  
 

The effects of a responsive 

parenting intervention on 

parent-child interactions 
during shared book reading 
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Correlational  
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Infants and Mothers No  
 

Developmental Relations 
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Knowledge and Reading 
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Change Score Modeling 

Study  
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Correlational  
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(N = 316, Mage = 7.05 at first 

test) through fourth‐grade 
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2010-2019 Mathematics 

Study Title and publication 

info. 

Study type (lit 

review, 

correlational 

cross section, 

correlation 
longitudinal, 

lab/school short 

term 

experiment, 

experimental 
study, or non-

experimental 

(intervention) 

RCT? Social-

Emotional? 

Age Range Age Range Designation  Attention 

to 

Disability 

 Domain General 

Developmental trajectory of 
number acuity reveals a 

severe impairment in 

developmental dyscalculia  

Correlation 
Cross Sectional  

No No  8 to 12 year old children School Age/Adolescents  Yes 
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Cognitive predictors of 

achievement growth in 
mathematics: A 5-year 

longitudinal study 

  

Correlation 

Longitudinal  

No No  1st grade through 5th grade School Age No  
 

Pathways to Mathematics: 

Longitudinal Predictors of 
Performance 

Correlation 

Longitudinal 

No No  4.5-7.5 year old children Early Childhood/School Age  No  
 

Preschool Executive 

Functioning Abilities Predict 
Early Mathematics 

Achievement 

  

Correlation 

Longitudinal 

No No  2 to 6-year-olds Toddlers/School age  No  X 

Impaired acuity of the 

approximate number system 
underlies mathematical 

learning disability 

(dyscalculia) 

  

Correlation 

Cross Sectional  

No  No  ninth graders Adolescents  Yes 
 

Preschool acuity of the 
approximate number system 

correlates with school math 

ability 

  

Short-term 
Experiment 

No No  3 to 5-year-olds Early Childhood/School Age  No  
 

Math-Gender Stereotypes in 
Elementary School Children  

Short-term 
Experiment 

No  No  6 and 10-year-olds School Age No  
 

Impacts of a prekindergarten 

program on children’s 

mathematics, language, 

literacy, executive function, 
and emotional skills 

Longitudinal 

Correlational  

Yes Yes 4 and 5-year-olds  Early Childhood/School Age  No  X 

The relation between spatial 

skill and early number 

knowledge: The role of the 

linear number line  

Longitudinal 

Correlational  

No No  5 to 8-year-olds School Age No  
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Non-symbolic arithmetic 

abilities and mathematics 
achievement in the first year 

of formal schooling 

Correlation 

Cross Sectional  

No No  Participants in main experiment 

mean age = 5.8 years; 
range = 5.3–6.3 years. On basis 

of qualification for free and 

reduced lunch, children were 

either classified as low-SES 

(n = 19; mean age = 5.8 years; 
range = 5.3–6.3 years; 8 male) 

or middle-SES (n = 22; mean 

age = 5.7 years; range = 5.3–

6.3 years; 11 male). Participants 

in the comparison study of non-
symbolic addition were children 

in a middle- to upper-income 

community (n = 17; mean age = 

5.3 years; range = 5.0–5.7 

years). Participants in the 
comparison study of school 

mathematics achievement were 

different children (n = 21; mean 

age = 6.0 years; range = 5.5–6.3 

years).     

School Age  No  
 

Science and Language for 

English Language Learners in 
Relation to Next Generation 

Science Standards and with 

Implications for Common 

Core State Standards for 

English Language Arts and 
Mathematics 

  

Literature 

Review  

No No  kindergarten to 12th grade School Age/Adolescents  No  
 

Numerical ordering ability 

mediates the relation between 

number-sense and arithmetic 
competence 

  

Short-term 

Experiment 

No  No  university students (N = 54; 26 

female; M = 20.5 years) 

Adults No  
 

Symbolic and nonsymbolic 

number comparison in 

children with and without 
dyscalculia 

  

Correlation 

Cross Sectional  

Yes No  10 and 11 year-old children School Age Yes 
 

What counts in the 

development of young 

children’s number 
knowledge? 

  

Longitudinal 

Correlational  

No  No  14 to 30 month-olds, followed 

up at 46 months.  

Infants, Early Childhood   No  
 

ANS acuity and mathematics 

ability in preschoolers from 

low-income homes: 

Short-term 

Experiment  

No  No  44 to 71 months 

(M = 55 months; SD = 5 months 

Early Childhood/School Age No  X 
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Contributions of inhibitory 

control  

Do different types of school 

mathematics development 
depend on different 

constellations of numerical 

versus general cognitive 

abilities? 

  

Longitudinal 

Correlational  

Yes No  1st graders  School Age No  X 

What’s Past Is Prologue: 

Relations Between Early 

Mathematics Knowledge and 

High School Achievement 

  

Longitudinal 

Correlational  

No  No  54 months to adolescents  Early Childhood/School Age No  
 

Gendered motivational 

processes affecting high 

school mathematics 

participation, educational 

aspirations, and career plans: 
A comparison of samples 

from Australia, Canada, and 

the United States 

  

Longitudinal 

Correlational  

No  No  Grades 9/10 and 11/12  Adolescents  No  
 

Some types of parent number 
talk count more than others: 

Relations between parents' 

input and children's cardinal-

number knowledge 

Longitudinal 
Correlational  

No  No  14-30 months at the start of the 
study, oldest by the end was 46 

months-old 

Infants, Early Childhood   No  
 

Brief non-symbolic, 
approximate number practice 

enhances subsequent exact 

symbolic arithmetic in 

children 

Short-term 
Experiments (2)  

No  No  1st graders  School Age No  
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Chapter 5 

 

Conclusion 

 

Across these three chapters I have taken multiple vantage points to examine how the field 

can better answer “What works for whom and why?”. This question has motivated the 

dissertation and the three studies in regards to: instruction, assessment and research approaches 

to support elucidation of the answer. Implications for personalized instruction, equitable 

assessment that takes student level factors into consideration, and research to move the field 

towards better tailoring of our approaches via analogies to account for idiosyncratic cases will be 

expanded upon in this concluding chapter. 

In study 3, I examined research questions and their directions by taking the outside view 

of mathematics cognition and learning by contrasting it to a like field, literacy research. That 

study revealed some of the inherent difficulties in designing and implementing successful 

academic interventions. This included interventions which personalize instruction. Primarily the 

study revealed themes of common challenges such as a lack of RCTs that would provide the field 

new data and possibly lead to more meaningful understandings of what works for whom and 

why.  

In studies 1 and 2, I focused on the possible child x instruction interaction effects of an 

intervention (study 1) and child level factors of language exposure and how it can cause tasks to 

measure different cognitive factors across children (study 2), which has implications for how 

assessment drives instruction when we personalize instruction. Implications include how 

something like prescriptive algorithms to suggest amounts and types of instruction may have to 



 

 181 

consider children’s language exposure and or other language factors. In study 3, informed by 

how idiosyncratic different student level subjects can be, I begin to examine how best we can ask 

research questions to answer this question of what works for whom and why.  

In the following conclusion I reflect upon the motivation of all three chapters and 

highlight themes that undergird the studies. The findings implications also link these studies and 

will be further discussed here. To conclude the dissertation, I will discuss my next research steps 

and directions in my career. These are by and large driven by the dissertation’s three studies.  

Implications for What Works for Whom and Why   

In all three chapters, I discussed the issues of import for highlighting what works for 

whom and why in educational research. Such studies and articles as those cited in the dissertation 

(Connor 2019, Purpura et al. 2011, Chiappe, 2005) motivate each of my studies. The three 

chapters serve to begin a discussion here on the implications of the dissertation studies findings 

in regards to personalizing assessment, instruction, and the types of questions we as scholars ask 

to get to the transformation of assessments and instruction informed by research. Much of the 

dissertation was initially inspired by Dr. Carol Connor’s individualizing student instruction 

research literature and her questions about tailoring instruction. Her approaches were not is it x 

or y but rather, might it not be some x and some y depending on the child, and might that 

algorithm change over time and need to be captured via formative assessment? (Connor, 2019).  

Implications for Intervention 

The findings of study 1 (Math PALS) may indicate that the groupings of students matter 

for personalizing instruction. That is, dyads of students may not be as beneficial for students 
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needing academic support as would be small group instruction with a teacher. Additionally, the 

types of math learning that students are engaged with may need to be better aligned with initial 

achievement of individual students. This would be personalized instruction. Since we saw 

different types of math being taught in treatment versus control, and we have the coded data and 

can proceed with this study informed by the dissertation, this will be discussed more in next 

steps. Ways in which math is taught conceptually, via steps of a procedure, and/or practice with 

fluency may also be important to consider in personalizing instruction. These differences in the 

coded types of math seen in treatment versus control lead to this idea. This is a future direction 

driven by the results of study 1. 

Implications for Intervention via assessment 

Algorithmic driven recommendations for personalized instruction for both math and 

literacy may do well to consider language status of those assessed. Activities/tasks may tap 

cognitive factors in different ways based upon child level factors. Since we saw a differential 

cognitive demand at different levels (domain general versus domain specific) based upon task 

and language exposure for bilinguals in study 2, there are implications for the assessments which 

would drive personalizing instruction. To date, interventions which personalize instruction 

(Connor et al., 2007) this is because without knowing the achievement levels of children, it is not 

possible to tailor instruction to be in their zone of proximal development (Vygotsky, 1978). 

Essentially, without assessment, instruction is only ever accidentally personalize or simply 

“teaching to the middle”. Since the same assessment can measure different things for different 

learners, the precision we bring to developing assessments for personalizing instruction will 

matter.  
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Implications for Intervention via research directions  

We may be able to leverage what we have learned in analogous fields in order to develop 

interventions which are informed by similarities and which avoid the pitfalls of lack of 

experimentation and the exclusion of older learners. There is importantly, a need for more 

studies on developmental learning trajectories of mathematics particularly in regard to: 

efficacious interventions to support teachers in using mathematical learning trajectories and 

particularly above early years (PreK, kindergarten and 1st grade).  

A project I have submitted to NSF would explore 2nd grade developmental trajectories 

may be part of the field of mathematics cognition and learning beginning to better meet this 

need.  Additionally, as indicated by study 2 and the lack of focus on bilinguals in study 3’s 

highly cited papers, there is a need for more attention on bilingual students in STEM studies 

across the board, including mathematics and the contributions of language exposure and 

assessment and the developmental trajectories of such learners. See a description for a study I am 

proposing to meet this need in the following section.  

Future Directions  

These three studies have delineated areas of research that I will be pursuing as I continue 

my academic career. All driven by the theme of personalized approaches and the question of 

what works for whom and why? As a postdoctoral scholar I hope to pursue further research in 

the area mathematics learning trajectories and the connections between mathematics and literacy. 

In particular, I plan to investigate the child x instruction interactions, such as those in study 1, via 

not only who a child is paired with (teacher, other student) but also by the type of math (number 
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knowledge, number operations, geometry, etc) and the ways in which this learning is presented 

(conceptual, procedural, or fluency). This study is already underway.  

In regards to bilinguals and STEM, I will be requesting data from ECLS-K restricted data 

set to pursue a study informed by dissertation study 2 on assessment. The paper I intend to write 

is one I purposed at the AERA NSF funded Statistical Institute. It is on the question, What is the 

learning trajectory in mathematics of learners based upon the school readiness screeners? This 

study will look at the possible issues with how dual language learners were screened in or out of 

the ECLS-K data set and their mathematical learning trajectories after the fact. This will be in 

comparison with students who were screened in as English only speaking children. The 

screening process to designate children as bilingual or English only speaking used a modified 

“Simon Says” game assessment . The use of this assessment game did not take into account the 

EF aspects the task of playing “Simon Says”. I am interested in the subsequent math learning 

outcomes of these students as well as the papers which have been written about this data set 

which may be making some false presumptions about DLLs and mathematics learning and their 

EF.  

Conclusion  

My future research directions will be informed by the results of this dissertation and its 

studies. Equally important, I aim to answer questions raised by these studies. The primary 

question of what works for whom and why has practical implications for future directions. 1.) 

Elucidating the amounts and types of instruction that will support early math learning across the 

achievement continuum. 2.) Assessments that take into account not simply achievement but the 

ways in which achievement indicators may be telling different stories about the cognition of 
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different test takers based upon student-level factors, such as language exposure. 3.) Ask 

research questions about mathematics cognition and learning which leverage my background in 

literacy research such as: common cognitive causes, language aspects of learning, and 

developmental trajectories. Such questions will lead to projects which intend to avoid some of 

the challenges discussed in chapter 3 such as a reliance on longitudinal panel data and a lack of 

interventions shown to affect students’ long-term success (including older students’ 

achievement).  

These research directions may answer the questions of my three dissertation studies. Such 

directions hold promise and may allow me to expand my line of research into directions that can 

shape student’s long-term learning trajectories by leveraging personalized instruction via 

equitable assessment and instruction. Such research directions will be, in my work, informed by 

research questions which keep in mind the analogous fields of mathematics cognition and 

learning as well as literacy research. I remain convinced as ever that research can support better 

outcomes for students in classrooms. The process of doing a PhD has made my research 

approaches more nuanced and nimble, informed by both the child-level view and the larger 

meta-views of the fields of mathematics cognition and literacy research.    
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