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Article

Infants demonstrate an understanding of number, and this 
understanding is related to mathematics performance in the 
toddler years (Starr, Libertus, & Brannon, 2013). Toddler 
and preschool mathematics experiences influence readiness 
for kindergarten (Magnuson, Ruhm, & Waldfogel, 2007; 
Murray & Harrison, 2011). Subsequently, mathematics per-
formance at the elementary grades predicts mathematics 
performance during middle and high school (Watts, Duncan, 
Siegler, & Davis-Kean, 2014). High school mathematics 
performance is related to college readiness, which in turn 
increases adulthood outcomes (Baum, Ma, & Payea, 2010). 
It is clear from this cadre of longitudinal research that math-
ematics knowledge at an earlier age predicts mathematics 
performance at a later age. (Note that, for the rest of this 
article, we abbreviate mathematics as math.)

Wei, Lenz, and Blackorby (2013) recently analyzed the 
math performance of students across ages 7 to 17 and com-
pared the calculation and problem-solving performance of 
students in 11 disability categories with that of students 
without disability. Except at age 7, students without a dis-
ability outperformed students with a disability on both types 
of math assessments at every time point. As students aged, 
the gap widened, favoring students without a disability. 
Students in the largest disability category (i.e., 41% of stu-
dents with a diagnosed disability), specific learning disabil-
ity, performed better than students in all disability categories 

besides speech impairment and visual impairment but not 
on level with students without a disability. Wei and col-
leagues’ (2013) research indicates that math performance 
follows a longitudinal path for students with disabilities. 
The disability category of specific learning disability, how-
ever, can include students who experience severe difficulty 
with reading, writing, spelling, or math (Moll, Kunze, 
Neuhoff, Bruder, & Schulte-Körne, 2014; Scanlon, 2013). 
For that reason, specific learning disability is a category 
with tremendous variability, and it is difficult to draw con-
clusions about the effect of math disability or difficulty 
from this single category. In this systematic review, we syn-
thesized longitudinal outcomes for students with math dif-
ficulty to determine whether growth across years was 
comparable to students without math difficulty, whether 
identified math difficulty was predictive of later math 
achievement, and whether the diagnosis of math difficulty 
was stable across years. As math is the greatest predictor of 
later school success (Claessens, Duncan, & Engel, 2009), it 
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is necessary to understand the math trajectories of students 
who have difficulty with math, to plan for intervention and 
assessment.

Math Disability or Difficulty

Approximately, 3% to 8% of school-age students have a 
diagnosed disability related to math (Desoete, Roeyers, & 
De Clercq, 2004; Shalev, Auerbach, Manor, & Gross-Tsur, 
2000). Math disability may be referred to as dyscalculia 
(e.g., Ashkenazi & Henik, 2010). A greater number of stu-
dents, however, struggle with low math performance with-
out a disability diagnosis. In the literature, math difficulty is 
the term used to represent students with low math perfor-
mance as well as students with a diagnosed math disability. 
This is likely to due to several reasons. First, specific learn-
ing disability is often diagnosed in the later elementary 
grades (O’Connor, Bocian, Beach, Sanchez, & Flynn, 
2013), and researchers investigating the effects of early 
identification and intervention must recruit participants 
without the help of a school diagnosis (e.g., Dyson, Jordan, 
Beliakoff, & Hassinger-Das, 2015). Second, it may be dif-
ficult to locate the necessary sample of participants with a 
math disability, so researchers employ methods for identify-
ing students who demonstrate characteristics of math dis-
ability (e.g., Fuchs et al., 2014). In this systematic review, 
we describe 35 studies related to the math performance of 
students with math disability or difficulty. For consistency, 
we refer to the students in these studies as experiencing 
math difficulty. To eliminate confusion with the original 
research synthesized in this manuscript, we do not use any 
acronym for math difficulty (e.g., MD, MMD, MLD).

How researchers identify math difficulty is quite vari-
able (Watson & Gable, 2012). When researchers use cutoff 
scores or percentiles, some cutoffs are quite stringent (<10th 
percentile; Geary, Hoard, Nugent, & Byrd-Craven, 2008), 
whereas others are more relaxed (≤40th percentile; Jitendra 
et al., 2012). Other methods of identification include scor-
ing below a standard score or SD (e.g., Swanson, 2012) or 
nonresponse to effective small-group math instruction (e.g., 
Bryant et al., 2016). Even though one assessment may not 
adequately portray students with math difficulty (Branum-
Martin, Fletcher, & Stuebing, 2012; Mazzocco & Myers, 
2003), many research teams rely on this method for 
identification.

To understand the math profiles of students with math 
difficulty—in both assessment and intervention research—
performance is often compared with that of students with 
math difficulty comorbid with reading difficulty (e.g., 
Powell, Fuchs, Fuchs, Cirino, & Fletcher, 2009) and stu-
dents without math difficulty (e.g., Clarke et al., 2011). 
Comparing the math performance of students with and with-
out math difficulty allows for an understanding of the defi-
cits associated with math difficulty and the uniqueness of 

such deficits (Geary, 2000). We review the results from stud-
ies where the performance of students with math difficulty 
was compared with that of students in at least one other 
group (e.g., math and reading difficulty, typical perfor-
mance) to (a) understand whether the growth is differential 
for students with math difficulty and (b) assess the predictive 
nature and stability of math difficulty identification.

Math Performance of Students With 
Math Difficulty

Researchers often provide a snapshot of the math perfor-
mance of students with math difficulty and compare it with 
the performance of students in other groups (e.g., math and 
reading difficulty, reading difficulty, typical performance; 
Andersson, 2008). In the elementary grades, students with 
math difficulty demonstrate lower performance on counting 
tasks (Stock, Desoete, & Roeyers, 2010) as well as arithme-
tic fluency and computation (Tolar, Fuchs, Fletcher, Fuchs, 
& Hamlett, 2016). Students with math difficulty often 
exhibit difficulty with comparing quantities, but some of 
this may be due to symbolic (i.e., numerical) representa-
tions of quantities (De Smedt & Gilmore, 2011; Driver & 
Powell, 2015). Additionally, word problem solving is prob-
lematic for students with math difficulty (Fuchs et al., 2008; 
Kingsdorf & Krawec, 2014). Many of these areas continue 
to cause problems for students with math difficulty in sec-
ondary settings (Calhoon, Emerson, Flores, & Houchins, 
2007), which has implications for postsecondary options. 
Researchers have also determined that cognitive character-
istics—such as those related to working memory (Swanson 
& Beebe-Frankenberger, 2004), processing speed (Cirino, 
Fuchs, Elias, Powell, & Schumacher, 2015), and phonologi-
cal processing (Fuchs et al., 2006)—are distinctive for stu-
dents with math difficulty. Additionally, students with math 
difficulty often have high math anxiety and low self-effi-
cacy (Rubinsten & Tannock, 2010).

Students with math difficulty often benefit from specific 
and targeted intervention designed to improve math out-
comes (e.g., Bryant et al., 2008; Fuchs et al., 2010; Mancl, 
Miller, & Kennedy, 2012; Swanson, Moran, Lussier, & 
Fung, 2014). Some of these interventions can change the 
learning trajectories of students with math difficulty. 
Without intervention, however, the outcomes may not be as 
promising.

Purpose and Research Questions of 
the Present Study

In this systematic review, we explore the growth in math 
performance for students with and without math difficulty, 
to understand the pattern of performance across years when 
intervention is not applied. We also analyze whether math 
difficulty can be identified in earlier grades (i.e., prediction) 
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and whether this identification remains constant across 
grade levels (i.e., stability). Specifically, this systematic 
review addressed the following research questions:

Research Question 1: What are the characteristics of lon-
gitudinal studies related to math difficulty that identified 
predictors of math achievement?
Research Question 2: What is the growth of students 
with and without math difficulty on math measures 
across at least a 12-month period?
Research Question 3: Is math difficulty related to earlier 
or later math performance?
Research Question 4: Is math difficulty stable over time?

Method

Literature Review

We reviewed studies published from January 1985 to 
December 2016 that focused on math difficulty and longitu-
dinal math achievement. The review included a search of 
the literature via Academic Search Premier, Education 
Source, Educational Resources Information Center, and 
PsycINFO databases with combinations of the following 
search terms: math*, achievement, longitudinal, growth, 
predict*, traject*, stability, retained, dyscalculia, “math* 
difficulty” and “learning disability*.” This search resulted 
in the identification of 1760 studies, which we reviewed in 
two phases. In Phase 1, we reviewed titles, keywords, and 
abstracts to eliminate studies that were clearly outside the 
scope of this review. Many studies (n = 1634) were not con-
sidered for further review, because the study was on a topic 
irrelevant to education (39.8%) or was focused on growth in 
reading or reading disabilities (16.0%), the effectiveness of 
an intervention (15.2%), or assessment development 
research (13.6%). Other studies were excluded because 
they were not longitudinal or they included only unrelated 
predictors of math achievement (4.8%) and for other rea-
sons (4.0%; e.g., commentaries, focus on teacher percep-
tions). In Phase 2, we conducted a comprehensive review of 
7.2% of articles (n = 126), and 31 studies met inclusion cri-
teria. Most articles were excluded for not meeting more 
than one inclusion criteria. For example, many studies 
(70.0%) did not include participants who were at risk for 
math difficulty (e.g., Jordan, Glutting, & Ramineni, 2010), 
or participants were considered at risk but the authors did 
not explicitly determine if the participants had math diffi-
culty (e.g., participants had learning disabilities, but scores 
on math measures were not available; Wei et al., 2013). 
Other reasons for exclusion included nonlongitudinal 
design of at least 12 months (37.6%) and not reporting 
appropriate results (21.5%; see next section for specific cri-
teria). Finally, in an attempt to conduct an exhaustive 
search, we also searched relevant researchers’ previous 

works. We identified four more articles that met inclusion 
criteria and included each of these in this review for a total 
of 35 studies.

Inclusion Criteria

We used the following criteria to determine study 
inclusion.

First, the study examined a longitudinal trajectory of 
math achievement for students with math difficulty without 
testing the efficacy of a math program or intervention; stud-
ies that focused on the success of math interventions were 
excluded (e.g., Nunes et al., 2009).

Second, participants were school-age (i.e., preschool to 
12th grade), and a subset of participants demonstrated math 
difficulty. Acceptable methods of documentation for math 
difficulty included an author-specified criterion on a math 
measure or a disability diagnosis in math. Because one of 
our research questions focused on identifying differences in 
author-specified criteria for identifying students with math 
difficulty and growth in math according to predetermined 
math difficulty identification, we excluded studies that uti-
lized latent growth curve analysis to retroactively identify 
groups of students who performed in separate classes in 
mathematics (e.g., Geary, Bailey, Littlefield et al., 2009). 
We also excluded studies that focused on special popula-
tions who are typically considered at risk, but we did not 
screen participants for math difficulty, such as students with 
genetic disorders or learning disabilities (e.g., Murphy & 
Mazzocco, 2009).

Third, the study included at least one math measure 
administered at a minimum of two time points at least 12 
months apart. We selected 12 months as the minimum time 
frame to indicate at least one grade-level change from first 
to last data collection. The math measure did not have to be 
the same measure administered at different time points.

Fourth, the study included appropriate results (e.g., 
regression analyses, correlations, stability of math diffi-
culty) to determine the longitudinal predictors of math 
achievement, growth, and stability of performance. We 
excluded studies that included a math outcome but included 
only unfitting predictors for the purpose of this study (e.g., 
behavior, reading, motion sensitivity; Boets, De Smedt, & 
Ghesquiere, 2011) or studies that included appropriate pre-
dictors of math achievement but included only unsuitable 
outcomes (e.g., confidence in correct problem solving; e.g., 
Garrett, Mazzocco, & Baker, 2006).

Finally, the study was published in English in a peer-
reviewed journal.

Coding of Studies

We coded the 35 studies that met inclusion criteria for the 
following information: study characteristics, average age 
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(or grade) of participants at the start of the study, attrition, 
data collection time points, measures of math achievement 
administered at each time point, reliability and validity 
coefficients for measures, and results. Regarding study and 
sample characteristics, we coded the year of publication, 
location, and if the study utilized a national data set (e.g., 
Early Childhood Longitudinal Study–Kindergarten 
[ECLS-K]). Finally, we recorded the authors’ method for 
determining participants’ at-risk status for math difficulty. 
Many studies included more than one math difficulty group 
or more than one comparison group; thus, classification 
methods and sample sizes for all groups were coded 
separately.

Regarding data points, we coded each data point (e.g., 
Time 1, Time 2, Time 3, . . .) and, when available, the time 
of year for data collection data (e.g., fall Grade 1). At each 
time point, we recorded which measures were administered, 
a short description of the measure and skills assessed (e.g., 
broad math, calculation), and the reported reliability and 
validity coefficients for the measures. Finally, for each 
study, we recorded general findings, specific significant 
results, and significant levels. Specific results included 
findings such as the percentage of students who retained the 
same math difficulty classification over time (i.e., stability 
of math difficulty), correlations, and results from regression 
and growth curve analyses.

Interrater Agreement

The first author coded all studies, and the second author 
double-coded 33% of the 35 studies. We discussed all dis-
crepancies and focused on ensuring that the codes were 
accurate for the classification of students with math diffi-
culty, results, and time points of data collection. Coding dis-
crepancies were resolved to determine the final code used in 
the analyses. The second author double-checked all infor-
mation provided in Table 1.

Results

Characteristics of Studies

Table 1 provides a summary of the math difficulty determi-
nation within each of the 35 studies included in this system-
atic review. All studies were published between 2000 and 
2016. Data collection occurred in eight countries, with 
approximately 65% of data collected within the United 
States. Other countries in which data were collected included 
Belgium (n = 4), Canada (n = 3), Germany (n = 1), the 
Netherlands, (n = 1), Spain, (n = 1), Sweden (n = 1), and the 
United Kingdom (n = 1). The mean sample size was 609 
participants, but this high mean was due to three studies that 
analyzed data from the ECLS-K data set (Bodovski & 
Farkas, 2007; Claessens & Engel, 2013; Morgan et al., 

2009). The median sample size was 181, with a range of 28 
to 7,892 participants. The majority of studies focused on 
early elementary participants. Regarding grade level of par-
ticipants, on average, participants were in first grade at the 
start of the study and near the end of third grade at the con-
clusion of the study. Only 20% of studies collected data 
beyond fifth grade; no studies collected data beyond ninth 
grade. In the majority of studies (91%), researchers collected 
data themselves; the other three studies used the aforemen-
tioned ECLS-K national database. Only 16 separate research 
teams collected data for the 35 studies. Of these, two teams 
produced 2 studies each; two teams produced 3 studies each; 
two teams produced 5 studies each; and one team produced 
6 studies each. Therefore, seven distinct research teams gen-
erated almost 75% of the studies.

In terms of classification of math difficulty, researchers in 
32 of the studies categorized students into groups using per-
centiles as a cutoff. The most stringent percentile cutoff for 
determination of math difficulty was math performance 
below the 10th percentile; the least stringent cutoff was at or 
below the 35th percentile. In two studies, performance based 
on SD below the mean was the determinant for math diffi-
culty. Interestingly, these two studies represented research 
from Spain (Navarro et al., 2012) and Sweden (Andersson, 
2010). One of the national database studies identified the 
math difficulty group by using proficiency levels on the 
ECLS-K math assessment (Claessens & Engel, 2013).

By default (i.e., study inclusion criteria), all 35 studies 
had at least one group of students with math difficulty. For 
26 studies, determination of math difficulty was based on 
assessments administered during one data collection wave; 
in the other 9 studies, researchers identified math difficulty 
across two or more data collection waves or years. In some 
instances, math difficulty was predictively identified, 
whereas in other cases, it was retroactively identified. To 
provide more detail about math difficulty, researchers in 21 
studies identified a second group of students with math dif-
ficulty. In 12 of these cases, the second group was identified 
through less stringent criteria for math difficulty. This group 
was often described as low achieving in math, whereas the 
first group of students with math difficulty was described as 
experiencing a math learning disability. In seven cases, the 
second group with math difficulty included students dem-
onstrating difficulty with math comorbid with reading. The 
other two studies with a second math difficulty group 
focused on a group where a diagnosis of math difficulty was 
not stable across data collection years. Six studies included 
a group of students with reading difficulty without math dif-
ficulty. In terms of comparison groups, all but two studies 
(Peng et al., 2016; Toll & Van Luit, 2014) included at least 
one comparison group without math difficulty. The lowest 
cutoff percentile for identification of typically achieving 
students (i.e., not having math difficulty) was performance 
>10th percentile. In 75% of cases, the cutoff for typical 
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performance was, at a minimum, >25th percentile. Finally, 
three studies included a second comparison group of stu-
dents without math difficulty, and the majority of research-
ers described this group as high achieving.

Summary of Math Performance

We organize the following sections as they relate to the 
growth of math skills, the longitudinal predictors of math 
difficulty and achievement, and the longitudinal stability of 
math difficulty. First, we discuss the growth of math 
achievement to illustrate differences of specific skills over 
time between students who experience math difficulty and 
students who do not. Then, we discuss predictors of math 
difficulty to later math to evaluate if specific skills at an 
earlier time point can accurately predict if students will 
experience consistent and severe deficits in math. Finally, 
we examine the stability of math difficulty as it relates to 
variables such as the restrictiveness of the cutoff.

Differences in growth. The majority of studies examined dif-
ferences in initial achievement of math and rate of growth 
over time. Most math skills fell into one of the following 
categories: early numeracy skills, computation, rational 
numbers, or broad math (i.e., math performance across con-
tent areas). We report results according to the skills mea-
sured, and we report growth rates for students with math 
difficulty as compared with typically achieving peers.

Early numeracy skills. Across studies, many early numer-
acy skills were measured, including magnitude comparison, 
counting, number knowledge, and number combinations 
(Geary et al., 2012; Jordan & Hanich, 2003; Navarro et al., 
2012; Vukovic, 2012). Of the four studies that measured 
growth in early numeracy over time, three used screen-
ing measures to determine math difficulty that focused on 
numeracy (e.g., Early Numeracy Test) or at least included 
items related to numeracy (e.g., Numerical Operations sub-
test). Therefore, there was an alignment between screening 
measures for determination of math difficulty and the mea-
sures used to observe growth.

Three studies reported that after the initial achievement 
gaps were identified in kindergarten and first grade, growth 
on skills was essentially parallel for the early numeracy 
skills of composing and decomposing (Geary et al., 2012); 
counting, digit placement, and number identification 
(Jordan & Hanich, 2003); and number sequences and num-
ber identification (Vukovic, 2012). Two studies reported 
faster growth for students with math difficulty for skills 
such as number line estimation (Geary et al., 2012) and 
broad numeracy skills measured with the Early Numeracy 
Test (Navarro et al., 2012). Slower growth by students with-
out math difficulty on a broad measure, however, may have 
been the result of ceiling effects, as accuracy at the start of 

the study was >70%, compared with 20% for students with 
math difficulty (i.e., students without math difficulty had 
less opportunity for growth). Of importance, with both 
trends, students with math difficulty continued to perform 
worse than peers.

Studies reported parallel growth for students with and 
without math difficulty regardless of restrictiveness of the 
criteria used to determine math difficulty. Math difficulty 
criteria for this group of studies ranged from performance 1 
SD below the mean to <25th percentile. One study also 
required that students have performance <25th percentile 
and “slow growth” to be identified as having math difficulty 
(Geary et al., 2012), and another required that students have 
performance <25th percentile for at least 2 years of the 
study (meaning that students identified as having math dif-
ficulty likely did not have fast growth; Vukovic, 2012). The 
third study had more restrictive criteria for determining 
math difficulty (<15th percentile; Jordan & Hanich, 2003). 
Therefore, the parallel growth observed across these three 
studies might be a result of the criteria for math difficulty 
aligning with the students who are least likely to have faster 
growth. Interestingly, the study that reported faster growth 
for students with math difficulty in early numeracy was the 
only study that also used a comprehensive early numeracy 
screening measure to identify students with math difficulty 
(Navarro et al., 2012).

Though not specific to growth rates, differences in the 
early numeracy skill of counting were consistently observed 
over time (Desoete & Grégoire, 2006; Geary et al., 2000; 
Geary, Hoard, Byrd-Craven, Nugent, & Numtee, 2007; 
Murphy et al., 2007). For example, students who scored 
≤15th percentile on number knowledge and mental arithme-
tic in first grade had significantly lower counting abilities in 
kindergarten (Desoete & Grégoire, 2006), and students with 
math difficulty in first grade had more difficulty recogniz-
ing correct counting or recognizing counting errors (Geary 
et al., 2000; Geary et al., 2007; Murphy et al., 2007). 
Mazzocco, Feigenson, and Halberda (2011) reported num-
ber sense differences measured as late as ninth grade, with 
performance on approximate number sense acuity differen-
tiating students identified with math difficulty.

Computation. All studies that measured growth in com-
putation over time used measures that included subtests of 
computation or measures that focused only on computation 
(e.g., researcher-developed computation screener) to iden-
tify students with math difficulty. Therefore, there was an 
alignment between the screening measures and the measures 
used to observe growth across studies. Generally, students 
with math difficulty were less accurate with computation 
and used inefficient strategies more often when compared 
with peers from kindergarten through elementary school 
(Andersson, 2010; Chong & Siegel, 2008; Jordan & Hanich, 
2003; Jordan, Hanich, & Kaplan, 2003a; Jordan, Kaplan, & 
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Hanich, 2002; Swanson et al., 2008; Vanbinst, Ghesquière, 
& De Smedt, 2014). The majority of studies reported results 
for computational fluency, but there were a few studies that 
also reported growth for computation in word problem con-
texts. Regarding computational fluency, results were gener-
ally consistent across studies in terms of how computation 
was measured. Authors reported parallel growth (Chong & 
Siegel, 2008 [timed fact fluency]; Jordan & Hanich, 2003; 
Swanson et al., 2008) and slightly faster growth (Chong & 
Siegel, 2008 [untimed written calculation]; Jordan et al., 
2002) for students with math difficulty when measuring 
written computation skills. Authors reported parallel growth 
between students with math difficulty and those without 
math difficulty for approximate arithmetic (e.g., selecting 
the answer closest to the correct answer; Andersson, 2010; 
Jordan & Hanich, 2003) and exact calculation (e.g., Jordan 
& Hanich, 2003; Jordan et al., 2003a). Regarding measures 
of forced retrieval (i.e., examiners read and/or displayed 
basic facts, and students were required to give an answer 
within 3 s), two studies observed parallel growth between 
groups (Andersson, 2010; Jordan & Hanich, 2003), while 
another study observed slower growth for students with 
math difficulty (Jordan et al., 2003a). Vanbinst et al. (2014) 
observed faster growth for students with math difficulty 
when students were required to answer computation items 
in a similar format but were not forced to use retrieval (i.e., 
students were told to answer quickly but were allowed to 
use strategies other than retrieval).

Studies reported parallel growth for students with and 
without math difficulty regardless of restrictiveness of the 
criteria used to determine math difficulty. Math difficulty 
criteria for this group of studies ranged from 1.5 SD below 
the mean to ≤35th percentile. Interestingly, the two studies 
that reported faster growth for students with math difficulty 
in computation had the most and least restrictive criteria for 
determining math difficulty, ≤10th and ≤35th percentiles, 
respectively (Chong & Siegel, 2008; Jordan et al., 2002).

Several studies examined strategy use for computation, 
and results related to strategy use were generally consistent 
across studies. Students with math difficulty used retrieval 
strategies less often initially when compared with peers 
(Geary et al., 2000; Geary et al., 2012; Vanbinst et al., 
2014). Two studies reported that students without math dif-
ficulty made greater gains in correct computation retrieval 
from first to second grade (Geary et al., 2000) and from first 
to fifth grade (Geary et al., 2012). Vanbinst et al. (2014) 
observed that students with math difficulty more often used 
procedural skills than retrieval, and Geary et al. (2012) 
reported that over time, students with math difficulty used 
more procedural skills to correctly solve simple addition 
problems but had less accuracy over time with decomposi-
tion strategies.

Regarding word problem solving, researchers used either 
a researcher-developed measure related to computation or 

subtests from norm-referenced measures of math achieve-
ment that included computation and word problem solving 
to screen students for math difficulty. All studies measured 
growth with measures that were read orally to students and 
that required them to solve word problems. Similar to accu-
racy for computational fluency, the results for word prob-
lem solving were inconsistent. Three studies reported 
substantially similar growth for students with math diffi-
culty (Andersson, 2010; Jordan, Hanich, & Kaplan, 2003a, 
2003b), and other studies reported slower growth for stu-
dents with math difficulty (Cowan & Powell, 2014; 
Swanson et al., 2008). Jordan and Hanich (2003) reported 
that the average increase in word problems was faster for 
students identified as having math difficulty only, while 
participants identified as having comorbid reading and 
math difficulty had slower rates of growth. Moreover, we 
did not observe consistent trends regarding criteria for iden-
tifying math difficulty or age of participants regarding 
growth rates. For example, one study that reported slower 
growth for students with math difficulty had a restrictive 
cutoff (<10th percentile), while another study that had a 
similar restrictive cutoff (<15th percentile) reported faster 
growth for students with math difficulty.

Rational numbers. Only three studies (Hecht & Vagi, 
2010; Mazzocco & Devlin, 2008; Mazzocco et al., 2013) 
examined more advanced math concepts, such as the 
understanding and use of fractions and decimals. Although 
researchers evaluated different components of performance 
with fractions and included participants from different 
grade levels, authors consistently reported that students 
with math difficulty performed worse than peers over time. 
For example, Hecht and Vagi (2010) examined emerging 
fraction skills from fourth to fifth grade, and students with 
math difficulty showed consistently lower performance and 
smaller gains in performance. Meanwhile, Mazzocco et al. 
(2013) evaluated the fraction comparison performance of 
participants in fourth through eighth grade; students with 
math difficulty did not reach ceiling-level performance by 
the end of the study as typically achieving students did. 
Finally, Mazzocco and Devlin (2008) measured student 
understanding of decimals and representing fractions with 
pictures and numerals from sixth through eighth grade; 
students who performed ≤10th percentile had significantly 
lower scores than students who performed between the 11th 
and 25th percentiles.

Unlike studies that examined growth for skills related to 
other areas of mathematics, all studies that examined growth 
with fractions did not use screening measures aligned to 
fraction concepts. Studies identified students with math dif-
ficulty using norm-referenced measures of mathematics 
achievement and measured growth with researcher-devel-
oped tools. Due to the small number of studies that evalu-
ated fraction growth, we were not able to report on themes 
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related to age or the restrictiveness of criteria for determin-
ing math difficulty.

Broad math achievement. Finally, researchers observed 
group differences over time on performance in broad 
math. We defined broad math as assessments with a vari-
ety of math content, concepts, and procedures. All but one 
study used measures of broad math achievement to iden-
tify students with math difficulty; one study used a “forced 
retrieval of number facts” measure, as the purpose of the 
study was to identify students with poor fact mastery (Jor-
dan et al., 2003a). Of the six studies that measured growth 
in broad math over time, four used the same measure to 
screen and measure growth over time. Generally, there was 
alignment between screening measures and measures used 
to observe growth across studies. Students with math dif-
ficulty consistently displayed parallel or slower growth 
over time and maintained achievement gaps. For example, 
according to two studies based on the ECLS-K data set, stu-
dents with math difficulty in the fall of kindergarten yielded 
lower overall gains through third grade (Bodovski & Far-
kas, 2007), and students with math difficulty in the fall and 
spring of kindergarten displayed the lowest achievement 
and slowest growth rates during the next 5 years when com-
pared with other groups (Morgan et al., 2009). Three other 
studies observed parallel growth between students with 
math difficulty and typically achieving students, also main-
taining the initial achievement gap (Jordan & Hanich, 2003; 
Jordan et al., 2003a; Vukovic, 2012).

Interestingly, trends emerged regarding the rate of 
growth on broad math measures and the restrictiveness of 
the criteria used to determine math difficulty. Half of the 
studies reported parallel growth; however, the only study to 
report that students with math difficulty had faster rates of 
growth utilized the least restrictive cutoff (<35th percen-
tile), while two of the three studies reporting that students 
with math difficulty had significantly slower growth than 
peers used the most restrictive criteria (≤10th percentile). 
The other study that reported slower growth used perfor-
mance <25th percentile as a cutoff. The three studies that 
reported slower growth used the same measure at screening 
as was used to measure growth. These studies followed stu-
dents from kindergarten through third and fifth grades, 
while most studies that reported parallel or faster rates of 
growth followed students from only second to third grade.

To understand the complexity of math difficulty comor-
bid with reading difficulty, several researchers included stu-
dents who exhibited math and reading difficulty, in addition 
to students who exhibited math difficulty only, as a way to 
compare growth in broad math achievement. For example, 
Vukovic (2012) observed student performance beginning in 
kindergarten. Results indicated significant group differ-
ences in initial math achievement. That is, typically achiev-
ing outperformed math difficulty, which in turn outperformed 

math and reading difficulty. Interestingly, the growth trajec-
tories of each group were similar, and the achievement gap 
remained through third grade. Jordan and Hanich (2003) 
examined the performance of students with math difficulty 
only and comorbid math and reading difficulty from second 
through third grade. In the fall of second grade, the two 
math difficulty groups did not significantly differ, but at the 
second, third, and fourth data collection points (through 
spring of third grade), the group with math difficulty only 
outperformed the group with comorbid math and reading 
difficulty. So, although both math difficulty groups per-
formed lower than the students with only reading difficulty 
and typically achieving students, the students with only 
math difficulty who were good readers grew faster in math 
than did the students with math difficulty who were poor 
readers.

Predictors of math difficulty. Several studies (Desoete et al., 
2012; Geary et al., 2009; Locuniak & Jordan, 2008; Maz-
zocco & Thompson, 2005; Stock et al., 2010; Vukovic & 
Siegel, 2010) evaluated specific variables that predicted 
group membership (math difficulty vs. no math difficulty). 
Two studies used discriminant function analyses (Stock et 
al., 2010; Vukovic & Siegel, 2010). Vukovic and Siegel 
(2010) reported that significant predictors of persistent 
math difficulty (at least 2 years) compared with math diffi-
culty displayed during only 1 year and typically achieving 
students were math concepts, number series, and number 
naming. Stock et al. (2010) observed that two of the stron-
gest predictors of group membership in kindergarten 
through second grade were early numeracy skills in magni-
tude comparison and seriation. Stock et al. also reported 
that conceptual counting measured in kindergarten cor-
rectly identified 31% of students with math difficulty in 
first and second grades and that 44% of students identified 
with math difficulty in first and second grades had severe 
deficits in magnitude comparison.

In contrast, Mazzocco and Thompson (2005) evaluated 
whether scores on broad math measures accurately predicted 
math difficulty status at a later time. Kindergarten scores on 
the KeyMath (Connolly, 2007) and Test of Early Mathematics 
Ability (Ginsburg & Baroody, 2003) accurately predicted 
math difficulty (≤10th percentile) in second and third grades 
with 83.5% correct classification. Researchers examined the 
relationship between specific items and math difficulty, and 
interestingly, they reported results similar to other studies. 
Mazzocco and Thompson (2005) reported that early numer-
acy items that addressed counting, reading one-digit numer-
als, addition of one-digit numerals, magnitude judgments, 
and numeral comparison were significantly related to math 
difficulty. Two studies reported that specific number sense 
skills, such counting, number knowledge, and composing 
and decomposing, as measured in kindergarten and first 
grade predicted difficulty with arithmetic in second grade 
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with 52% accuracy (Locuniak & Jordan, 2008) and pre-
dicted broad math difficulty in third grade with 66% accu-
racy (Geary et al., 2009). Desoete et al. (2012) reported that 
proficiency with symbolic (numerals) and nonsymbolic 
(dots) comparison as measured in kindergarten was signifi-
cantly related to group membership (math difficulty vs. no 
math difficulty) in first and second grades, as determined by 
achievement in computation, with students with math diffi-
culty underperforming as comparing with peers. In sum-
mary, studies that evaluated predictors of math difficulty 
regularly reported that early numeracy skills, such as count-
ing and magnitude comparison, predicted math difficulty; 
however, with only three studies reporting such results and 
with each study focusing on participants in fourth grade and 
younger, it is difficulty to generalize and compare the results 
of these studies with other skills and other grade levels.

Stability of math difficulty. A subset of studies (n = 11) reported 
the longitudinal stability of math difficulty for participants. 
Generally, more restrictive cutoffs for math difficulty 
resulted in higher proportions of students retaining the same 
math difficulty status. Morgan et al. (2009) examined the 
stability of math difficulty as a function of performing ≤10th 
percentile at specific time points. Stability of math difficulty 
from kindergarten to fifth grade ranged from 28% to 65%, 
with the higher proportion of students retaining math diffi-
culty status being those who performed ≤10th percentile 
during both the fall and spring of kindergarten, as compared 
with math difficulty during either the fall or spring of kinder-
garten. In the same study, the highest proportion of students 
(70%) who retained the same classification were those who 
experienced math difficulty in both the fall and spring of 
kindergarten and math difficulty in the spring of third grade.

In two other studies, Geary and colleagues reported that 
of the students identified with math difficulty by perfor-
mance <15th percentile in first grade, approximately 68% of 
students had performed similarly the year before in kinder-
garten (Geary et al., 2007), and 75% retained math difficulty 
status in third grade (Geary, Bailey, & Hoard, 2009). 
Mazzocco and Myers (2003) reported similar retention rates 
(63%) for math difficulty for students who performed <10th 
percentile from kindergarten to third grade. Although, Jordan 
and Hanich (2003) reported that only 18% of students identi-
fied as experiencing math difficulty by performing ≤15th 
percentile in second grade retained the same status in third 
grade; however, they also reported that 88% of students 
identified as experiencing comorbid math and reading diffi-
culty retained the same classification. Schwenck et al. (2015) 
reported a similar pattern between second and fourth grade: 
18% of students with math difficulty retained the same sta-
tus, while 43% of students with comorbid math and reading 
difficulty maintained status. In contrast, studies with less 
restrictive cutoffs to determine math difficulty reported 
smaller proportions of students who retained math difficulty 
status. For example, Martin et al. (2013) employed a cutoff 

of performance <32nd percentile to identify third- and 
fourth-grade students with math difficulty, but 2 years later 
only 40% of students retained the same classification; this 
decrease was significant (p < .001).

Discussion

We conducted this systematic review of longitudinal 
research related to math difficulty to understand the growth 
of students with and without math difficulty on math mea-
sures, if math difficulty was related to earlier or later math 
performance, and if math difficulty varied according to fac-
tors such as participant age and method of classification. 
The goal of our first research question was to describe the 
characteristics of longitudinal studies related to math diffi-
culty. Although we conducted an electronic search of the 
data from the last 30 years, the majority of studies (77%) 
were published in the last 10 years, and most were con-
ducted in the United States. The recency of the literature is 
likely due to improved educational funding for research 
projects and the increase in focus on math education, espe-
cially at earlier grade levels. With the push for high-quality 
math instruction at earlier grade levels (National Council of 
Teachers of Mathematics, 2006), it is not surprising that 
researchers shifted their attention to evaluating longitudinal 
differences between students with and without math diffi-
culty at earlier ages. The majority of studies focused data 
collection at the early elementary grade levels, with only a 
few studies collecting data beyond sixth grade.

We also examined how math difficulty was determined, 
and we observed a lack of consistency across studies and 
within research teams regarding the cutoff for classification 
of math difficulty. Interestingly, only one study (Andersson, 
2010) used special education services in math to identify 
those students with math difficulty. Of the remaining stud-
ies, the majority identified students with math difficulty by 
employing a less restrictive cutoff (performance <25th vs. 
<10th percentile); furthermore, only a few studies (e.g., 
Mazzocco & Myers, 2003; Vanbinst et al., 2014) required 
that students meet criteria for math difficulty more than one 
time during the study. A deviation from more restrictive cut-
off values and the lack of requiring for more than one mea-
surement of low performance to identify students with math 
difficulty may have critical implications for determining 
how students are selected to receive additional supports and 
interventions and for the effectiveness of those interven-
tions. For example, previous intervention research indicates 
that even when the average effectiveness of an intervention 
is reported as moderate, the subgroup performances of stu-
dents with more severe math difficulty may in fact be much 
lower than both the average effect and the effect with less 
severe math difficulty (Toll & Van Luit, 2012).

In summary, in the 35 studies included, more than 15 
methods of identification were used to identify students in 
just the first category of math difficulty (i.e., the most 
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restrictive category). Research teams with works included 
in this synthesis, as well as researchers conducting interven-
tions with students with math difficulty, have noted the 
absence of a “gold standard” for determining math diffi-
culty (Fuchs et al., 2005; Mazzocco et al., 2013; Vanbinst 
et al., 2014). When researchers use different methods to 
identify students as having math difficulty, the irregularity 
may make it difficult for practitioners to confidently identify 
students who may need more intensive academic supports. 
Moreover, inconsistent criteria and methods of identification 
make it quite difficult to compare results across studies. For 
these reasons, practitioners and researchers would benefit 
from a consensus on what defines math difficulty.

With our second research question, we investigated the 
longitudinal growth of students with and without math dif-
ficulty on math measures, and although results were some-
what inconsistent, students with math difficulty performed 
lower than typically achieving peers and generally had par-
allel or slower growth on measures of early numeracy, com-
putation, rational numbers, and broad math. Due to the 
nature of identifying students with math difficulty, it was 
expected that students with math difficulty would have 
lower initial math achievement; however, it was discourag-
ing that students with math difficulty failed to catch up to 
peers without math difficulty. The results of this synthesis 
were consistent with what is known about students with 
math difficulty regarding difficulty with skills such as 
counting and computation (Geary, 2004).

Many studies followed students longitudinally through 
early elementary school, and a few studies continued track-
ing students through fifth grade and into middle school. The 
results of a review of longitudinal predictors of math 
achievement determined that early numeracy skills—such 
as quantity comparison, counting, and understanding of the 
number line (as measured in kindergarten and first grade) 
and computation (as measured in early elementary school)—
were instrumental to student performance in broad math in 
fifth and sixth grades (Powell, Nelson, & Peng, 2017). If 
broad math achievement in later grades can be predicted as 
early as kindergarten with early numeracy measures, then 
the results of this review suggest that students with math 
difficulty have lower achievement in skills such as early 
numeracy. Therefore, students with math difficulty may lag 
behind peers throughout school unless targeted interven-
tions are implemented to address deficits in math early. 
Moreover, our results shed light on the range of math skills 
in which students persistently have difficulty, which may 
inform necessary next steps for instruction and intervention 
in math across grade levels. Students with math difficulty 
consistently displayed deficits in counting, computation, 
use of retrieval strategies, fraction comparison and estima-
tion, and applied problem solving. The results of this review 
also highlight the lack of research regarding growth for stu-
dents with math difficulty in specific areas of math. Of the 

studies included, very few examined growth rates related to 
word problem solving and fractions. As all students are 
expected to set up and solve word problems on high-stakes 
standardized assessments and as understanding fractions is 
instrumental to success in algebra, more research related to 
problem solving and rational numbers is necessary. 
Furthermore, because no studies in this systematic review 
measured achievement beyond ninth grade, we could not 
determine growth patterns for students with math difficulty 
related to other skills, such as algebra or geometry. Finally, 
although the primary purpose of this synthesis did not focus 
on math language, only one study measured growth in 
understanding of specific math language (Toll & Van Luit, 
2014). Because comorbidity rates of math and reading dif-
ficulty are high, researchers may consider achievement and 
growth in understanding specific math language a primary 
focus in future research related to longitudinal achievement 
of students with math difficulty.

Our third research question aimed to identify whether 
math difficulty was related to earlier or later math perfor-
mance. Generally, studies reported that early numeracy skills, 
such as counting, number naming, seriation, and magnitude 
comparison, were predictive of math difficulty later on, with 
other skills, such as computation (Geary et al., 2009; 
Locuniak & Jordan, 2008; Stock et al., 2010; Vukovic & 
Siegel, 2010). What is interesting is that these early numer-
acy skills are typically learned informally prior to beginning 
school or early in formal schooling upon kindergarten entry. 
Furthermore, these skills are significantly related to broad 
math performance through fifth grade (Powell, Nelson, & 
Peng, 2017). Thus, the results of this review suggest that it is 
critical to address deficits for students who exhibit math dif-
ficulty early, such as use of procedural skills over retrieval 
skills for simple arithmetic, inability to identify correct or 
incorrect counting, and deficits in magnitude comparison and 
number naming. Practitioners must be aware of the skills that 
predict later difficulty, determine which students may be at 
risk for math difficulty in later grades, and intervene with tar-
geted instruction in those skills in hopes of curtailing future 
math deficits.

Our fourth research question addressed the stability of 
math difficulty according to different factors. Unfortunately, 
the number of studies that reported stability of math diffi-
culty did not allow for analyses to examine the potential 
relationships between stability and type of measure and ini-
tial age of identification for participants. The results of this 
review, however, report themes regarding the restrictive-
ness of cutoffs and the proportion of students who retained 
the math difficulty classification. These findings have criti-
cal implications for how researchers and practitioners con-
tinue to identify students with math difficulty. As discussed, 
there is a lack of consistency regarding the cutoff used to 
determine math difficulty status; the results of this synthesis 
suggest that more restrictive cutoffs (e.g., <10th percentile) 
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result in higher proportions of the same students exhibiting 
math difficulty in later grades. Therefore, practitioners may 
consider employing stricter cutoffs to determine which stu-
dents are at the greatest risk for later math failure. As 
resources in schools are limited, it is critical to provide ser-
vices to the students who have the highest probability of 
math failure without extra support. Furthermore, the limited 
research on the stability of math difficulty sheds light on a 
gap in the research base in early intervention and special 
education. Of the 11 studies that reported on the stability of 
math difficulty over time, only one study (Martin et al., 
2013) reported on stability for participants beyond fourth 
grade. Little is known regarding the stability of math diffi-
culty over time beyond elementary school. More research 
related to the stability of math difficulty that spans other 
grade levels (e.g., middle school and beyond) and considers 
the retention of math difficulty status for more than 2 or 3 
years will move the field toward a consensus on the criteria 
for identifying students with math difficulty.

Limitations and Directions for Future Research

As with any study, there are limitations. First, participants 
from approximately 75% of the studies were likely repre-
sentative of the same geographic areas because seven 
research teams conducted the 75% of the studies. This may 
limit the generalizability of the results to students in other 
areas of the United States and even in other countries, as 
well as students from different cultural and ethnic back-
grounds. Furthermore, the results of this synthesis may be 
limited because the research teams that represented the 
majority of the work may have employed similar method-
ologies across their studies. Future research should include 
more longitudinal efforts that include participants from 
other cultural and regional populations as a way to replicate 
and extend current research findings.

Second, much of the data collected in these studies was 
collected prior to the adoption of the Common Core State 
Standards (CCSS; National Governors Association Center 
for Best Practices & Council of Chief State School Officers, 
2010). Many American states have since adopted the CCSS, 
which means that standards for math learning and instruc-
tion are in flux. Thus, the differences in growth of math 
skills across time between students with and without math 
difficulty may change as a result of alternation to math stan-
dards. Researchers may want to replicate their work within 
the era of the CCSS. Moreover, this synthesis did not 
include studies that examined the effectiveness of interven-
tions, but future research may explore the differences 
between growth for students with and without math diffi-
culty when students with math difficulty receive extra sup-
port that corresponds to national and state standards for 
math learning.

Third, many of the studies included in this synthesis 
focused on students in kindergarten through third grade, 

with a handful of studies extending to fifth grade. We did 
not review any studies that focused on preschool or high 
school populations. This limits the generalizability of our 
findings and the knowledge base regarding what we know 
about students with math difficulty across school-age years 
regarding differences in growth, predictability of difficulty, 
and stability of math difficulty over time. In addition, 
because more studies focused on early elementary grades, 
we reported many findings on early numeracy skills, com-
putation, and some findings on fractions. Unfortunately, 
due to the restricted age of participants in this synthesis, we 
cannot draw conclusions about other skills, such as word 
problem solving, algebra, or geometry. Future longitudinal 
research should include preschool participants and extend 
into the middle and high school years to gain knowledge 
about math difficulty in students of all ages.

Implications for Practitioners

The results of this systematic review provide the foundation 
for implications for practitioners. First, students with more 
severe and persistent math difficulty may have fundamental 
math differences from peers with math difficulty identified 
with less restrictive cutoffs or difficulty that is not persis-
tent. Students identified with math difficulty with a restric-
tive cutoff have lower initial performance and slower 
growth than students who are identified with math difficulty 
with less restrictive criteria, and students with persistent 
math deficits typically perform lower than peers with incon-
sistent deficits. These results have implications for practi-
tioners, as there may be distinct differences within a 
subgroup of students with math difficulty and the effective-
ness of an intervention may be moderated by the degree to 
which students exhibit math deficits. Practitioners may con-
sider results with caution, as students identified as experi-
encing math difficulty with varying degrees of restriction 
may actually represent fundamentally different groups of 
students; thus, interventions that are effective for some stu-
dents with math difficulty may not be as effective for other 
students with math difficulty (Powell, Cirino, & Malone, in 
press). Practitioners can be proactive by frequently moni-
toring the progress of students with math difficulty, as a 
method for determining at what rate they are growing in 
relation to the peers, such that they can make immediate 
changes to instruction.

Second, practitioners may consider evaluating the 
instructional methods that they use with students with math 
difficulty. The results of this review consistently show that 
students with math difficulty do not catch up to peers across 
math content areas. This raises questions regarding the 
effectiveness of the instruction and intervention methods 
that students with math difficulty are exposed to in the 
classroom. Previous research has identified high-quality 
and evidence-based practices in mathematics that practitio-
ners may use with students with learning difficulties, such 
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as explicit and systematic instruction (Gersten et al., 2009) 
and use of representations (Jitendra, Nelson, Pulles, Kiss, & 
Houseworth, 2016). Districts and schools may consider the 
importance of providing their practitioners with more 
opportunities for professional development and on-site 
coaching related to evidence-based practices in math for 
students who struggle. Another consideration for schools 
and practitioners is to examine the implementation fidelity 
of instructional programs and the alignment of interven-
tions to specific student deficits. Perhaps students with 
math difficulty who show slower rates of growth over time 
do not receive interventions at the recommended dosage or 
do not receive intensive intervention that is aligned to the 
specific skill deficit in math. Furthermore, researchers who 
conduct longitudinal research may consider collecting data 
regarding the types of instruction that students in their stud-
ies are receiving, to provide more insight related to growth 
rates and stability of math difficulty.

Conclusion

We reviewed longitudinal studies to compare the growth of 
students with and without math difficulty, examined spe-
cific predictors of math difficulty, and evaluated the stabil-
ity of math difficulty regarding classification criteria. At all 
grade levels and across skills, students with math difficulty 
consistently performed lower than students without math 
difficulty and had similar or slower growth. Moreover, the 
likelihood of retaining math difficulty across years was 
high. Thus, students with math difficulty did not catch up to 
their peers. Without targeted interventions and early deter-
mination of difficulty with math, students as early as kin-
dergarten who display math difficulty may be at risk for 
poor secondary and adulthood outcomes.
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