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Research Study

Poor achievement in mathematics has far-reaching educa-
tional, vocational, and personal consequences (National 
Mathematics Advisory Panel [NMAP], 2008). Within the 
mathematics domain, fractions are problematic for many 
children, especially those with learning difficulties and dis-
abilities (Jordan, Resnick, Rodrigues, Hansen, & Dyson, 
2017). Fractions are foundational for learning algebra (Booth 
& Newton, 2012; NMAP, 2008), which is a gateway to 
careers in science, technology, engineering and mathematics 
(STEM; Chen, 2009). Proficiency in fractions is also impor-
tant for performing everyday tasks. As such, interventions for 
helping students learn fractions must be an educational prior-
ity in general education and in special education (SPED).

The present study evaluated a newly developed interven-
tion aimed at improving foundational fraction knowledge in 
sixth graders with mathematics difficulties. The U.S. 
Department of Education’s What Works Clearinghouse 
(WWC) Practice Guide recommends that

intervention curriculum for students at-risk should not be 
oversimplified and that in-depth coverage of key topics and concepts 
involving whole numbers (kindergarten- grade 5) and then all 
rational numbers (grades four through eight) is critical for future 
success in mathematics. (Gersten, Beckmann, et al., 2009, p. 18)

Fractions are typically a student’s first introduction to ratio-
nal number topics (National Governors Association Center 

for Best Practices & Council of Chief State School Officers 
[NGACBP & CCSSO], 2010), making fraction knowledge 
foundational to rational number understanding more gener-
ally. Students entering middle school who have not 
responded to classroom instruction and typical intervention 
in fractions are especially vulnerable to further mathematics 
failure (Mazzocco & Devlin, 2008).

Why Fractions Are So Difficult

Before students learn about fractions in a formal mathemat-
ics setting, their exposure to number is primarily limited to 
whole numbers. As a result, students often misapply whole 
number principles to fractions. This whole number bias (Ni 
& Zhou, 2005) can interfere with fraction learning because 
whole numbers and fractions differ in several ways. For 
example, students must learn, unlike with whole numbers, 
there is an infinite number of symbolic representations for 
each magnitude on the number line, and between any two 
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magnitudes, there is an infinite number of magnitudes 
(Schneider & Siegler, 2010).

Furthermore, the relative magnitude of a whole number 
can be determined by its place in the counting sequence. In 
contrast, fractions require students to think about the diffi-
cult concept of two numbers working together to yield a 
single magnitude (DeWolf, Grounds, Bassok, & Holyoak, 
2014; Stafylidou & Vosniadou, 2004). When asked to select 
the larger of two fractions, struggling students tend to select 
the fraction that includes larger numbers overall, particu-
larly in the numerator (Rinne, Ye, & Jordan, 2017; 
Stafylidou & Vosniadou, 2004).

Reasoning about fraction magnitude also requires multi-
plicative reasoning, which assists students in finding com-
mon denominators and simplest form. Multiplicative 
reasoning assists students in benchmarking to one half 
when comparing fraction magnitude (e.g., knowing a 
denominator is or is not twice the numerator to determine 
the fractions’ relative size to one half; Reys, Kim, & Bay, 
1999). Unfortunately, students who struggle with fractions 
often have poor multiplication skills (Rodrigues, Dyson, 
Hansen, & Jordan, 2016).

Arithmetic operations with fractions can also be confus-
ing. For example, although the meaning of addition does 
not change with fractions, the strategy is more complex. 
Students must now consider both the numerator and the 
denominator, making sure there is a common denominator 
and then remember only the numerators are added while the 
denominator, which indicates the size of the part, stays the 
same (Lortie-Forgues, Tian, & Siegler, 2015). To add to the 
confusion, some rules taught in lower grades no longer 
apply. For example, the notion that multiplying two num-
bers always gives you a number bigger than either factor no 
longer applies when operating with fractions whose magni-
tudes are less than one.

Importance of Magnitudes on the 
Number Line

The third grade Common Core State Standards for 
Mathematics (CCSS-M) state that a student should under-
stand and be able to represent a fraction as a number on the 
number line (NGACBP & CCSSO, 2010). The number line, 
an important tool for teaching fraction (Fuchs et al., 2013; 
Fuchs et al., 2014) and whole number magnitude (Ramani & 
Siegler, 2008), provides an underlying structure for learning 
a range of fraction concepts and skills (Siegler, Thompson, 
& Schneider, 2011). Teaching students to represent rational 
numbers on a number line improves their general knowledge 
of rational number concepts, such as fractions (e.g., Keijzer 
& Terwel, 2003; Rittle-Johnson, Siegler, & Alibali, 2001; 
Schneider, Grabner, & Paetsch, 2009). Both whole number 
and fraction magnitude knowledge predict mathematics 

achievement more generally (Bailey, Hoard, Nugent, & 
Geary, 2012; Jordan et al., 2013). Thus, it is important to 
consider fraction magnitude understanding on a number line 
when designing an intervention for students struggling with 
mathematics.

Procedure

We developed and tested a novel small-group fractions 
intervention for low-performing sixth graders centered on 
the number line. Until recently, a part-whole (pie) interpre-
tation of fractions has been the focus within U.S. mathemat-
ics curricula (Siegler, Fuchs, Jordan, Gersten, & Ochsendorf, 
2015) especially for students with special needs (Gersten, 
Schumacher, & Jordan, 2017). These curricula may use a 
number line model, but sparingly. Instead, we center our 
instruction on a number line model and use part-whole (pie) 
models sparingly.

Using a number line approach, the intervention aimed to 
build fraction sense, which we define as understanding (a) 
the meaning of a fraction, (b) fraction relations, and (c) 
fraction operations. The meaning of a fraction refers to 
knowledge that a fraction’s numerator and denominator 
work together to determine its magnitude, rather than either 
number alone. Understanding fraction relations involves 
correctly comparing magnitudes of two or more fractions, 
ordering fractions on a number line, and showing different 
fractions can have equivalent values (i.e., the same magni-
tude). Understanding fraction operations refers to being 
able to apply understandings of whole number operations to 
fractions (i.e., addition as joining, subtraction as separating, 
multiplication as repeated addition or “groups of”). 
Procedures to solve fraction operations should only be 
applied when accompanied with an understanding of the 
logic of the procedures.

Many curricula introduce several fractions simultane-
ously. For example, Investigations (Wittenberg et al., 2012) 
begins its third-grade fractions unit with halves, fourths, 
eighths, thirds, and sixths in the first lesson and continues to 
use these denominators throughout the unit. As there are a 
limited number of key concepts to be applied to an infinite 
number of fractions, we aimed to establish core fraction 
concepts employing a small set of fractions typically 
encountered in everyday life. Students were then challenged 
to apply these same understandings to a wide variety of 
fractions.

Our intervention used explicit and systematic instruction 
throughout the activities. The National Dissemination 
Center for Children with Disabilities (NICHCY) deter-
mined explicit and systematic instruction was one of the 
four approaches in mathematics education that impact 
learning of students with learning disabilities (Steedly, 
Dragoo, Arafeh, & Luke, 2008).
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The term explicit instruction in mathematics refers both 
to the goals of the instruction and the method of instruction. 
The main goals of explicit instruction are to (a) make clear 
connections between various mathematical concepts (which 
often go unnoticed by students with learning difficulties) 
and (b) to provide students with specific strategies for prob-
lem solving supported by these connections. Explicit 
instruction can take a variety of forms but components that 
make it most effective are teacher modeling of problem-
solving strategies, opportunities for students to practice 
those strategies, and regular feedback (Doabler & Fien, 
2013; Gersten et al., 2009).

Using a randomized pre-, immediate post-, and delayed 
posttest design, we predicted sixth graders who received 
our intervention would outperform students in a business-
as-usual control condition on fraction outcomes. Outcomes 
included a measure of fraction number line estimation 
(FNLE; proximal measure) as well as measures of general 
fraction concepts and fraction arithmetic (distal measures). 
We expected results at immediate posttest to hold at delayed 
posttest due to intensity of the intervention.

Method

Participants

Sixth-grade students were recruited from two schools in 
the Northeast region of the United States. Both schools 
serve an ethnically diverse population of students (School 
A: 13.9% Black, 26.1% White, and 56.7% Hispanic; 
School B: 32.7% Black, 36.9% White, and 24.0% 
Hispanic). Schools varied in their percentage of students 
who were English Learners (EL), who were from families 
of low socioeconomic status (SES), or who were identi-
fied as needing SPED (School A: 30.3% EL, 25.0% low 
SES, 5.7% SPED; School B: 4.9% EL; 34% low SES; 
16% SPED). Both schools served populations at risk for 
mathematics failure. In 2015, 61% of students in School A 
and 75% in School B did not meet sixth-grade state stan-
dards in mathematics. Both schools used similar mathe-
matics curricula consistent with the CCSS-M.

Participant Selection

Data collection was conducted during the first marking 
period of the academic year. All sixth graders not enrolled 
in an honors mathematics class were administered a frac-
tion screener in their third week of school. Of the 235 stu-
dents tested, 146 (62.13%) scored below a predetermined 
cutoff score (see “Measures” section for criteria) and were 
invited to participate in the study.

The participating institution’s Institutional Review 
Board approved the study and informed consent procedure. 
In School A, 22 students returned consent forms, and in 

School B, 40 students returned consent forms. The low con-
sent rate is likely due to the brief time frame (i.e., 5 days) 
during which informed consent and assent needed to be 
returned to accommodate the schools’ request to administer 
the intervention during the first report period. Of the 62 
consenting participants, we could accommodate a maxi-
mum of 16 students in each school for the intervention con-
dition due to limited resources (i.e., number of research 
instructors and classroom space). All 22 students from 
School A were selected to participate and 33 students from 
School B were randomly sampled from the 40 eligible stu-
dents. The remaining seven students did not participate in 
any way. An a priori power analyses using G*Power (Faul, 
Erdfelder, Lang, & Buchner, 2007) suggested a sample size 
of N = 42 would provide power of .95 to detect large 
effects. We expected large effects, particularly on fraction 
concepts and number line estimation measures, based on 
pilot data collected during the development phase of the 
current intervention (Rodrigues et al., 2016).

Participating students within each classroom were ran-
domly assigned to either the fraction sense intervention or a 
business-as-usual control. An equal number of students was 
assigned to intervention and control groups within each 
classroom and within each school. The 27 students assigned 
to the intervention condition were then randomly assigned 
to groups of four within each school so any differences 
found between schools or classrooms would not systemati-
cally differ by condition. This resulted in small groups of 
students from a range of classrooms, ensuring intervention 
groups were not nested within classrooms. This assignment 
was possible because all sixth-grade mathematics interven-
tions took place during the same class period. Attrition was 
low; two of the intervention students and one of the control 
students relocated to a new school between posttest and 
delayed posttest; thus, our analysis sample includes more 
than 94% of our original sample with 25 remaining partici-
pants in the intervention group (12 male, 13 female; M 
screener score = 10.40, SD = 2.062) and 27 in the control 
group (11 male, 16 female; M screener score = 10.33, SD = 
1.710). More detailed demographic information at the stu-
dent level was not available.

Measures

Fraction screener. Nineteen released fraction items from the 
National Assessment of Education Progress (NAEP; U.S. 
Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, NAEP, 1990–
2009) served as our fraction screener. The items were cho-
sen because they assess key concepts such as part-whole 
understanding (e.g., “Which shows 3/4 of the picture 
shaded?”) and fraction equivalence (e.g., “Which picture 
shows that 3/4 is the same as 6/8?”). Internal reliability of 
the measure is acceptable (α = .77) in sixth grade 
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(Rodrigues, 2017). Receiver operating characteristic curve 
(ROC) analyses indicate the fraction screener has high 
diagnostic accuracy for identifying students who will not 
meet mathematics standards on a state test at the end of 
sixth grade (Rodrigues, 2017), demonstrating predictive 
validity. A specified cut point was determined, which pre-
dicted 81% of true positives (students who did not meet 
sixth-grade mathematics standards) and approximately 
80% of true negatives (students who did meet sixth-grade 
mathematics standards; Rodrigues, 2017). The diagnostic 
accuracy of the screener meets guidelines for good diagnos-
tic tests for determining risk status (Cummings & 
Smolkowski, 2015).

Outcome measures. The three outcome measures assessed 
fraction magnitude understanding, fraction concepts, and 
fraction arithmetic.

FNLE task. An established FNLE task (Siegler et al., 
2011) was used as a proximal measure of fraction mag-
nitude understanding. Students estimated the location of 
14 fractions on 0 to 1 and 0 to 2 individual number lines 
within a paper-and-pencil task. The Number 0 was placed 
below the left end of the number line and the Numbers 1 
and 2, respectively, were placed at the right end of the num-
ber line. The target number was placed in the center below 
the number line. The number lines were staggered across 
the page so students could not easily use their estimates 
on other number lines to inform their next placement. For 
the 0 to 1 number line task, a completed sample problem 
displayed where 1/8 would be located on the number line. 
The students then estimated the locations of proper frac-
tions (one fourth, one fifth, one third, one half, one nine-
teenth, and five sixths). The same procedure was used on 
the 0 to 2 number line task, with two sample problems 
showing the locations of one eighth and one and one eighth. 
For the 0 to 2 number line, students estimated the location 
of proper fractions (three eighths, five sixths, one half, one 
nineteenth), improper fractions (seven fourths, five fifths), 
and mixed numbers (one and eleven twelfths, one and one 
half). Students’ estimates on each number line were cal-
culated by measuring the distance between zero and their 
mark in millimeters. To gauge students’ accuracy of their 
estimates, percent absolute error (PAE) was calculated for 
each estimate by dividing the absolute difference between 
the estimated and actual magnitudes by the numerical range 
of the number line (one or two) and then multiplying by 
100. Thus, PAE represents how inaccurate a student’s esti-
mate is from the actual location of the target number with 
lower scores representing better accuracy. A single score of 
an average PAE was computed for each student. Internal 
reliability for the fraction number line task was previously 
demonstrated to be high in sixth grade (α = .88). Test–
retest reliability has been demonstrated with a sample with 

similar demographics from the same region (r = .833, Han-
sen et al., 2015).

Fraction concepts. The fraction concepts measure was 
used as a distal measure of understanding of general frac-
tion concepts. It included the 19 items of the aforementioned 
fraction screener, along with five additional more difficult 
NAEP fraction items to avoid ceiling effects. Internal reli-
ability for the measure was previously demonstrated to be 
high (α = .85) in sixth grade (Rodrigues, 2017).

Fraction arithmetic. The fraction arithmetic measure 
included 12 written fraction computation items: four addi-
tion, five subtraction, and three multiplication problems. 
The addition and subtraction problems had both like and 
unlike denominators, whole and mixed numbers. Students 
were instructed to write their final answers in simplified 
form. Students received one point for each correct response 
and one additional point for a final answer in simplified 
form. The maximum score for the 12-item measure was 24 
points. The internal reliability for this measure was previ-
ously demonstrated to be high (α = .82).

Procedures

Overview. Our 21-lesson fraction sense intervention was 
administered during the schools’ first 6-week mathematics 
intervention period. The intervention was delivered each 
day the school was in session (typically 5 days per week) 
for approximately 45 min, when all sixth-grade students 
with mathematics difficulties received specialized help. 
Trained researcher-instructors carried out the intervention. 
Lessons were administered in small groups of four students, 
an optimal group size for struggling learners (Fuchs et al., 
2014). The lesson plans were highly detailed to increase 
ease of administration and instructor fidelity. Lessons were 
taught in separate rooms dedicated to the intervention for 
that class period. Student desks were arranged to form one 
table, allowing all students to have a clear view of the 
instructor and intervention materials. Classroom teachers 
did not observe the lessons and were not informed of their 
content other than their focus on fractions. This was done to 
ensure there was no diffusion of treatment to the control 
group or to regular classroom instruction.

Meanwhile, students in the business-as-usual control 
group received varying supplemental instruction by their 
school during this intervention period. In School A, all stu-
dents in the control group received intervention instruction 
in mathematics provided by classroom teachers in a small 
group setting. The focus of instruction was at the teacher’s 
discretion based on student need and reflected core class-
room instruction (see above), which included work in frac-
tions and topics related to fractions such as factors. In 
School B, students in the control group were assigned to a 
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computer lab where they used Think Through Math soft-
ware (Think Through Learning, 2016) for instruction. This 
computer adaptive program assesses student needs and pro-
vides instruction and practice based on this assessment. 
After all data collection for the efficacy study was com-
pleted, all students in our control group received the frac-
tion sense intervention as a courtesy.

Participants’ school day included both the intervention 
period and their regularly scheduled mathematics class. 
During the first and second report periods, School A used 
Big Ideas Math (Larson & Boswell, 2014) and covered 
units addressing factors, division of fractions, and decimal 
operations; School B used Connected Math Project 
(Lappan, Difanis Phillips, Fey, & Friel, 2014) and covered 
factors, models, and fraction operations.

Pre- and posttesting. Trained research assistants adminis-
tered the fractions screener in Week 3 of the school year in 
students’ regular mathematics classroom during the mathe-
matics class period. In Week 4, participants were adminis-
tered the FNLE task and the fraction arithmetic measures in 
their regular mathematics classroom. Research assistants 
administered posttests (FNLE, fraction concepts, and frac-
tion arithmetic) the day after completion of the intervention. 
The delayed posttests, which were identical to the posttests, 
were administered in the same manner 7 weeks after the 
posttest, a time frame that was determined by school 
schedules.

Instructional Approach

Table 1 summarizes the scope and sequence of the interven-
tion lessons. Lesson goals reflect the CCSS-M with respect 
to fraction instruction for third to fifth grades (NGACBP & 
CCSSO, 2010) as well as the three components of fraction 
sense stated earlier. Individual intervention activities were 
designed to also reflect the following instructional 
approaches that aim to improve fraction sense:

Using a meaningful context centered on a visual number 
line. We anchored instruction within a meaningful narra-
tive, namely, a color run race for charity, to help struggling 
learners think about fractions in a practical sense (Bottge 
et al., 2014). The race context allowed the use of the num-
ber line to build fraction concepts (e.g., finding fractions of 
a mile). Number lines encouraged students to (a) think 
about fractions as numbers that have magnitudes just as 
whole numbers do, (b) see relationships between whole 
number magnitudes and fraction magnitudes, and (c) visu-
ally represent relationships between fractions of different or 
equivalent magnitudes. Intervention activities also incorpo-
rated more familiar representations such as fraction bars 
and set models to strengthen understanding and promote 
flexibility (Dienes, 1971).

Presenting a narrow range of denominators. Previous 
research shows struggling learners develop number sense 
when key concepts are introduced with just a few familiar 
numbers (e.g., Dyson, Jordan, Beliakoff, & Hassinger-
Das, 2015). Similarly, our intervention began with the 
familiar denominator of two, or halves (Siegler et al., 
2011). Students consolidated their understanding of frac-
tion concepts (e.g., fraction notation, equal-sized portions, 
the nature of the whole, fraction magnitude, fraction addi-
tion and subtraction) without adding the confusion of 
changing the number of partitions. New denominators 
were introduced one at a time in lessons following a logi-
cal progression (i.e., halves, fourths, eighths, and later 
thirds, sixths, and twelfths).

Enhancing understanding of fraction equivalence through parti-
tioning. Students with mathematics difficulties often use 
inappropriate strategies when approaching problems 
involving fractions, because they have a limited under-
standing of fraction equivalence (Jordan et al., 2017; New-
ton, Willard, & Teufel, 2014). Beginning with the familiar 
fraction of one half, students partitioned linear representa-
tions into two equal lengths or distances. In subsequent les-
sons, students created fourths by separating each half into 
two equal parts, and finally eighths by separating fourths 
into two equal parts. This process encouraged students to 
think about equivalence of fractions with varying denomi-
nators as they marked equivalent fractions on the racecourse 
and to apply this understanding to fraction operations.

Fostering flexibility through mismatch of denominators and par-
titions. Problems such as “Shade 3/4 the rectangle” when 
the rectangle is separated into four equal parts are easy for 
even students who are low-performing (Jordan et al., 2017). 
However, the problem, “Shade 3/4 of a rectangle” when it is 
partitioned into eight equal parts requires deeper knowledge 
(Bright, Behr, Post, & Wachsmuth, 1988). Thus, our inter-
vention provided practice in denominator/partition mis-
match problems.

Working with improper as well as proper fractions. Typical 
fractions instruction, at least in the early stages, focuses on 
fractions less than one (even when a number line approach 
is used; Vosniadou, Vamvakoussi, & Skopeliti, 2008), 
which contributes to the common misunderstanding among 
low achievers that fractions are small numbers less than one 
(Resnick et al., 2016). Early in our intervention, students 
were required to locate fractions on number lines that 
extended beyond the value of one.

Developing multiplicative reasoning and fluency. Students 
engaged in speeded practice of whole number multiplica-
tion problems with products up to 24 to develop fluency 
and lessen the load on working memory. Using these 
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multiplication skills, students also found equivalent frac-
tions as well as whole number/fraction equivalencies and 
mixed number/fraction equivalencies.

Lesson Structure

Each intervention lesson included six predictable activi-
ties. Shorter activities, rather than one long lesson, hold 
students’ attention and provide a variety of contexts for 
learning (Gersten et al., 2009). The six activities were as 
follows:

Warm up. Warm ups were individual activities, which 
reviewed content from the previous lesson(s) to activate 
prior knowledge, encourage cumulative understanding, and 
allow instructors time to work one-on-one with students to 
address individual needs.

Exercises. Exercises consisted of oral counting activities. 
Using a four-mile racecourse as a visual model, students 
counted aloud from left to right using fractions only, focus-
ing attention on increasing fraction magnitude (e.g., one 
fourth, two fourths, three fourths, four fourths, five fourths, 
. . .), or using whole and mixed numbers, focusing attention 

on patterns and regularities in the counting sequence (e.g., 
one fourth, two fourths, three fourths, 1, one and one fourth, 
one and two fourths, one and three fourths, 2, . . .).

Huddle. This was the explicit instruction time of the inter-
vention using the above-mentioned instructional approaches. 
Students worked on a paper-and-pencil or hands-on activity 
during this instructional time. This, together with regular 
feedback from students, allowed instructors to monitor indi-
vidual student understanding throughout the lesson. The 
huddle segment also included fast-paced games that targeted 
fluency with fractions (Fuchs et al., 2014) such as showing a 
fraction and asking, “Is this fraction greater than, less than, 
or equal to one?” The game time provided another opportu-
nity for instructors to monitor individual student progress 
and give feedback.

Practice. Each practice segment had an activity sheet with 
problems similar to those used in the instruction phase of 
the intervention. These problems were interleaved with 
problems from previous activities to provide cumulative 
review and skill maintenance. Students worked indepen-
dently and instructors provided individual corrective answer 
and strategy feedback.

Table 1. Scope and Sequence of the Fraction Intervention Lessons.

Fraction 
sense

Intervention lessons

CCSS-M

1–6 7–12 13–15 16 17–21

Denominators used in lessons

Key topics Halves
Halves
Fourths

Halves
Fourths
Eighths

Thirds
Sixths

Twelfths Review

M Counting fractions by unit fraction increments, by whole and mixed 
numbers.

4.NF.B.3    

M Partitioning into equal portions: Linear, area, and set models 3.NF.A.1     
M & C Locating/marking whole numbers, proper fractions, improper 

fractions, and mixed numbers on a number line racecourse
3.NF.A.2     

C Equivalence—finding multiple fractions for a single distance on the 
racecourse

3.NF.A.3
4.NF.A.1

    

O Addition/subtraction of fractions with like denominators 4.NF.B.3    
O Using multiplication as a shortcut for repeated addition 4.NF.B.4    
O Finding 1/b of a set (multiplication) 5.NF.B.4     
C Identifying if a fraction is less than, equal to, or greater than one 4.NF.A.2    
C Identifying if a fraction is less than, equal to, or greater than one half 4.NF.A.2   
M & O Using division to find whole number equivalencies of improper 

fractions
5.NF.B.3   

O Addition/subtraction using mixed numbers and improper fractions 
with common denominators

4.NF.B.3.  

O Finding a/b of a set when a ≠ 1 (multiplication) 5.NF.B.4.  
C Comparing fraction magnitudes using various strategies 3.NF.A.3

4.NF.A.2
  

O Addition/subtraction of fractions with unlike denominators 5.NF.A.1 

Note. CCSS-M = Common Core State Standards for Mathematics; M = meaning; C = comparison; O = operation.
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Sprint. Students participated in speeded games in an attempt 
to increase multiplication fluency. Multiplication combina-
tions corresponded to fractions covered in that lesson as 
well as those in previous lessons. Students were given 
immediate corrective feedback for errors such that students’ 
final response was always correct.

Cool down. In the final 3 min of each lesson, students were 
given an independent activity, which served as a formative 
assessment to monitor student progress.

Training of Intervention Instructors

Trained research assistants (three graduate students trained 
in development and administration of interventions with 
struggling students, two postdoctoral fellows with expertise 
in mathematics learning, and two former mathematics 
teachers), who also participated in lesson design, delivered 
intervention lessons. Intervention instructors received a 
total of 8 hr of training before the intervention began. 
Training included practice in use of gestures, error correc-
tion procedures, and instructor/student dialogue. Weekly 
1-hr meetings throughout the intervention period provided 
instructors opportunities for debriefing on lessons already 
taught and training on upcoming lessons.

Fidelity of Implementation

Lessons were scripted and audio recorded to ensure fidelity 
of implementation. After the conclusion of the intervention, 
trained research assistants listened to six randomly selected 
lessons per instructor. Required activities completed per 
lesson were recorded on a chart. A percentage of complete-
ness was calculated using a weight of time per activity out 
of a total of 45 min (e.g., if a 5-min activity was not com-
pleted, one ninth or 11% was removed from that lesson 
fidelity). Each lesson was coded by two research assistants 
and any discrepancies found were resolved. Instructors 
administered an average of 93% of all scripted intervention 
activities to students. Missing activities primarily resulted 
from lack of time due to natural classroom disturbances 
(e.g., announcements, fire drills, student tardiness, behav-
ioral issues, etc.).

Data Analysis Procedures

Prior to analyses, data entry for all measures was entered 
and checked for accuracy by two trained research assistants. 
All discrepancies were resolved until there was 100% 
agreement. Chi-square analyses and t tests were conducted 
to ensure equivalence between conditions and between 
schools on pretest measures.

To test overall effectiveness of the intervention, we ran a 
series of one-way ANCOVA for each measure (FNLE, 

fraction concepts, and fractions arithmetic) at immediate and 
delayed posttest controlling for its corresponding pretest 
score (Field, 2009; Maxwell & Delaney, 2004). Effect sizes 
were calculated using Hedges’s g, as recommended for rela-
tively small sample sizes. Hedges’s g can be interpreted using 
Cohen’s (1988) convention of small (.2), medium (.5), and 
large (.8). However, according to What Works Clearinghouse: 
Procedures and Standards Handbook, Version 3.0 (U.S. 
Department of Education, Institute of Education Sciences, 
2014), when evaluating the effectiveness of an intervention, a 
g of .25 is indicative of effective educational practice. 
Cohen’s U3 and improvement indices were calculated to 
determine the percentile rank of students in the intervention 
group who performed at the level of an average control stu-
dent who, by definition, ranks at the 50th percentile (U.S. 
Department of Education, Institute of Education Sciences, 
2014). For example, a U3 of .70 corresponds to an improve-
ment index of 20% (.70 – .50 = .20); that is, the average 
intervention student scored 20 percentile points higher than 
the average control group student.

Results

There were no significant differences between the interven-
tion and control groups at pretest on measures of fraction 
concepts (M

Control
 = 12.89, SD = 2.36; M

Intervention
 = 13.32, 

SD = 2.66), fraction magnitude (M
Control

 = 23.25, SD = 
6.77; M

Intervention
 = 20.47, SD = 8.59), or fraction arithmetic 

(M
Control

 = 3.19, SD = 4.36; M
Intervention

 = 4.20, SD = 1.87; 
ps > .05). Results of six ANCOVAs assessing differences 
in each of the three outcomes at immediate and delayed 
posttest controlling for corresponding pretest along with 
effect size are displayed in Table 2.

The intervention group’s FNLE performance was sig-
nificantly higher than the control group and yielded a large 
effect at posttest, F(1, 36) = 11.316, p = .002, g = .90, and 
delayed posttest, F(1, 36) = 14.459, p = .001, g = 1.02. 
According to U3 indices, the average intervention student 
had higher accuracy/less error on the FNLE task than 83% 
and 86% of the students in the control group at posttest and 
delayed posttest, respectively.

The intervention group’s fraction concepts performance 
was significantly higher than the control group and yielded 
a large effect at posttest, F(1, 49) = 18.540, p < .001, g = 
.99, and a medium-large effect at delayed posttest, F(1, 49) 
= 7.434, p = .009, g = .63. The average intervention stu-
dent had higher performance on the fraction concepts mea-
sure than 85% of the students in the control group at posttest 
and 74% of the students in the control group at delayed 
posttest. Although the effect at delayed posttest was smaller 
than at pretest, it was still medium-large and practically 
meaningful. This is a particularly important finding, as 
many interventions experience a fade-out effect at delayed 
posttest (e.g., Bailey et al., 2016).
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The intervention group’s fraction arithmetic perfor-
mance was significantly higher than the control group and 
yielded a medium-large effect at posttest, F(1, 49) = 4.077, 
p = .049, g = .72, but was no longer significant at delayed 
posttest, F(1, 48) = 0.946, p = .336, g = .35. According to 
U3 indices, the average intervention student had higher per-
formance on the fraction arithmetic task than 69% of the 
students in the control group at posttest.

Discussion

Our intervention, which focused on developing fraction 
magnitude knowledge, improved fraction outcomes for 
sixth graders with or at risk for mathematics difficulties. 
Students who received the intervention outperformed their 
peers in the control group on measures of fraction magni-
tude, fraction concepts, and to a lesser extent, fraction arith-
metic. The findings extend previous work by Fuchs and 
colleagues (Fuchs et al., 2013; Fuchs et al., 2014) who 
found that an intervention with a similar focus improved 
fraction skills in younger children; however, we expand 
upon their work by showing many of the effects of the inter-
vention held over time. We were heartened to see that for 
both fraction magnitude and fraction concepts, students in 
the intervention group continued to outperform the control 
group 7 weeks after the intervention.

Performance on the FNLE task in comparison with a 
normative sample reported in prior research was of particu-
lar interest. In a longitudinal study, Resnick et al. (2016) 
uncovered three empirically distinct growth trajectories on 
a parallel FNLE task starting in fourth but ending in sixth 
grade: students who started accurate and ended accurate 
(Group 1), students who started inaccurate but ended much 
more accurate—although lower than students in Group 1 
(Group 2), and students who started inaccurate and ended 
inaccurate (Group 3). Growth group (i.e., one, two, or 
three) accurately predicted sixth-grade math achievement 
on a standardized state test, with students in Group 3 typi-
cally failing to meet standards. At pretest, our study partici-
pants achieved an average PAE score that was similar to 
students in Resnick et al.’s low Group 3 in sixth grade. At 
posttest, the control group continued to look like Group 3. 

This finding suggests neither classroom instruction nor the 
typical school intervention improved the fraction magni-
tude understanding of students who were low performing. 
However, students who received the intervention in the 
current study received a mean posttest PAE close to the 
average sixth-grade PAE score for children in Resnick’s 
middle growth group (Group 2). This narrowing of the gap 
between a low-achieving group to an average-achieving 
group is yet another indicator of a meaningful intervention 
effect (Lipsey et al., 2012).

Although the effect size for fraction concepts showed a 
slight decrease from post to delayed posttest, the effect was 
still medium-large at delayed posttest. The control group’s 
growth from posttest to delayed posttest in fraction con-
cepts (which brought them closer to parity with students 
who received the intervention) most likely reflects general 
classroom instruction in fractions that was provided during 
the period between the immediate and delayed posttest. 
However, we conjecture fraction concepts learned through 
the intervention helped students benefit from general 
instruction in fractions, reflected by their sustained lead 
over the control group at delayed posttest.

Although fraction arithmetic was not targeted in the 
present intervention, we expected students who received 
the intervention would apply what they learned about 
fraction operations to solve fraction arithmetic problems 
accurately. For example, in our intervention, students 
practiced “trading” equivalent fractions to ensure frac-
tions had same-sized parts (denominators) before adding. 
However, rather than applying these strategies to solve 
fraction arithmetic problems at posttest, students in both 
groups often misapplied procedures that presumably had 
been taught in school (e.g., using the procedure for con-
verting a mixed number to an improper fraction when 
they should have been multiplying a whole number times 
a fraction). Prior work suggests students struggle to apply 
their knowledge of fraction magnitudes to fraction arith-
metic (Bailey, Hansen, & Jordan, 2017). Going forward, 
future interventions should directly address procedures 
taught in classrooms and then scaffold students in con-
necting their new understandings of fraction magnitudes 
to these procedures.

Table 2. ANCOVA Results With Corresponding Pretest of Each Measure as a Covariate and Effect Sizes.

Posttest Delayed posttest

 EMM (SD) EMM (SD)

Measure Intervention Control F p g U3 Intervention Control F p U3 

FNLE 14.31 (8.14) 21.36 (6.91) 11.32 .002 .90 .83 13.53 (8.03) 21.74 (7.65) 14.46 .001 .86
Concepts 17.39 (2.65) 13.90 (4.08) 18.54 <.001 .99 .85 17.91 (3.04) 15.71 (3.77) 7.43 .009 .74
Arithmetic 6.99 (3.45) 5.23 (3.73) 4.08 .049 .48 .69 5.70 (2.27) 5.10 (2.45) 0.95 .336 .60

Note. EMM = estimated marginal means; FNLE = fraction number line estimation.
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Limitations and Future Direction

A limitation of the study was potential variability in instruc-
tion provided in the business-as-usual control condition, a 
problem associated with conducting research in schools. In 
School A, all students in the control group were in a math-
ematics intervention class while only some students in 
School B received a consistent mathematics intervention. 
As such, some of the results could be attributed simply to 
additional mathematics instruction, although the differen-
tial findings according to the intervention emphasis argue 
against this interpretation. Future studies should obtain spe-
cific information as to what topics students were exposed 
during their intervention class as well as data regarding stu-
dents’ SPED and Individualized Education Program (IEP) 
status.

Another limitation was the delayed posttests assessed 
students’ accuracy on conceptual and arithmetic items but 
not on students’ maintenance of specific strategy use. Future 
studies should consider including an analysis of strategy 
use to see whether students maintain or continue to choose 
the strategies they were taught.

Finally, even though use of a fractions screener limited 
our sample to students at risk for difficulties, there was still 
a wide range of abilities in our students. Most of our ran-
domized instructional groups included some students who 
were more advanced than others. Future interventions 
should more thoroughly consider individual differences. 
Collecting a range of cognitive measures could enable us to 
determine whether responses to our intervention might dif-
fer by certain abilities. This in turn might help teachers 
adjust activities to meet the needs of more students.

In conclusion, our intervention, which was situated in a 
meaningful context and focused on a number line represen-
tation of fractions, led to greater fraction magnitude under-
standing and fraction conceptual knowledge more generally, 
compared with business-as-usual practices in school. 
Because fraction magnitude understanding is crucial for 
success in algebra as well as in general mathematics (Siegler 
et al., 2012), the present findings add a key piece to the 
instructional puzzle for helping students with or at risk for 
mathematics difficulties and disabilities.

Declaration of Conflicting Interests 

The author(s) declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of this 
article.

Funding

The author(s) disclosed receipt of the following financial support 
for the research, authorship, and/or publication of this article: This 
research was supported by Awards R305B130012 and 
R324A160127 from the U.S. Department of Education, Institute 
of Education Sciences.

References

Bailey, D. H., Hansen, N., & Jordan, N. C. (2017). The codevelop-
ment of children’s fraction arithmetic skill and fraction mag-
nitude understanding. Journal of Educational Psychology, 
109, 509–519. doi:10.1037/edu0000152

Bailey, D. H., Hoard, M. K., Nugent, L., & Geary, D. C. (2012). 
Competence with fractions predicts gains in mathematics 
achievement. Journal of Experimental Child Psychology, 
113, 447–455. doi:10.1016/j.cedpsych.2012.07.001

Bailey, D. H., Nguyen, T., Jenkins, J. M., Domina, T., Clements, 
D. H., & Sarama, J. S. (2016). Fadeout in an early math-
ematics intervention: Constraining content or preexisting 
differences? Developmental Psychology, 52, 1457–1469. 
doi:10.1037/dev0000188

Booth, J. L., & Newton, K. J. (2012). Fractions: Could they really 
be the gatekeeper’s doorman? Contemporary Educational 
Psychology, 37, 247–253.

Bottge, B. A., Ma, X., Gassaway, L., Toland, M. D., Butler, M., 
& Cho, S. J. (2014). Effects of blended instructional models 
on math performance. Exceptional Children, 80, 423–437. 
doi:10.1177/0014402914527240

Bright, G. W., Behr, M. J., Post, T. R., & Wachsmuth, I. (1988). 
Identifying fractions on number lines. Journal for Research in 
Mathematics Education, 19, 215–232.

Chen, X. (2009). Students who study Science, Technology, 
Engineering, and Mathematics (STEM) in postsecondary 
education: Stats in brief (NCES 2009-161). Washington, DC: 
National Center for Education Statistics.

Cohen, J. (1988). Statistical power analysis for the behavioral sci-
ences (2nd ed.). Hillsdale, NJ: Lawrence Erlbaum.

Cummings, K. D., & Smolkowski, K. (2015). Selecting students 
at risk of academic difficulties. Assessment for Effective 
Intervention, 41, 55–61. doi:10.1177/1534508415590396

DeWolf, M., Grounds, M. A., Bassok, M., & Holyoak, K. J. 
(2014). Magnitude comparison with different types of ratio-
nal numbers. Journal of Experimental Psychology: Human 
Perception and Performance, 40, 71–82.

Dienes, Z. P. (1971). Building up mathematics. London, England: 
Hutchinson Educational.

Doabler, C. T., & Fien, H. (2013). Explicit mathematics instruc-
tion: What teachers can do for teaching students with math-
ematics difficulties. Intervention in School and Clinic, 48, 
276–285.

Dyson, N., Jordan, N. C., Beliakoff, A., & Hassinger-Das, B. 
(2015). A kindergarten number-sense intervention with 
contrasting practice conditions for low-achieving children. 
Journal for Research in Mathematics Education, 46, 331–
370. doi:10.5951/jresematheduc.46.3.0331

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). 
G*Power 3: A flexible statistical power analysis program 
for the social, behavioral, and biomedical sciences. Behavior 
Research Methods, 39, 175–191.

Field, A. (2009). Discovering statistics using SPSS (3rd ed.). 
London, England: SAGE.

Fuchs, L. S., Schumacher, R. F., Long, J., Namkung, J., Hamlett, 
C. L., Cirino, P. T., . . . Changas, P. (2013). Improving at-risk 
learners’ understanding of fractions. Journal of Educational 
Psychology, 105, 683–700. doi:10.1037/a0032446



Dyson et al. 253

Fuchs, L. S., Schumacher, R. F., Sterba, S. K., Long, J., Namkung, 
J., Malone, A., . . . Changas, P. (2014). Does working memory 
moderate the effects of fraction intervention? An aptitude-
treatment interaction. Journal of Educational Psychology, 
106, 499–514. doi:10.1037/a0034341

Gersten, R., Beckmann, S., Clarke, B., Foegen, A., Marsh, L., 
Star, J. R., & Witzel, B. (2009). Assisting students struggling 
with mathematics: Response to Intervention (RtI) for elemen-
tary and middle schools (NCEE 2009-4060). What Works 
Clearinghouse. Retrieved from http://files.eric.ed.gov/full-
text/ED504995.pdf

Gersten, R., Chard, D. J., Jayanthi, M., Baker, S. K., Morphy, P., 
& Flojo, J. (2009). Mathematics instruction for students with 
learning disabilities: A meta-analysis of instructional compo-
nents. Review of Educational Research, 79, 1202–1242.

Gersten, R., Schumacher, R. F., & Jordan, N. C. (2017). Life 
on the number line: Routes to understanding fraction 
magnitude for students with difficulties learning math-
ematics. Journal of Learning Disabilities, 50, 655–657. 
doi:10.1177/0022219416662625

Hansen, N., Jordan, N. C., Fernandez, E., Siegler, R. S., Fuchs, L. 
S., Gersten, R., & Micklos, D. A. (2015). Predictors of fraction 
knowledge in sixth grade. Cognitive Development, 35, 34–49.

Jordan, N. C., Hansen, N., Fuchs, L. S., Siegler, R. S., Gersten, 
R., & Micklos, D. (2013). Developmental predictors of frac-
tion concepts and procedures. Journal of Experimental Child 
Psychology, 116, 45–58. doi:10.1016/j.jecp.2013.02.001

Jordan, N. C., Resnick, I., Rodrigues, J., Hansen, N., & Dyson, 
N. (2017). Delaware longitudinal study of fraction learn-
ing: Implications for helping children with mathematics 
difficulties. Journal of Learning Disabilities, 50, 621–630. 
doi:10.1177/0022219416662033

Keijzer, R., & Terwel, J. (2003). Learning for mathematical 
insight: A longitudinal comparative study on modelling. 
Learning and Instruction, 13, 285–304.

Lappan, G., DifanisPhillips, E., Fey, J., & Friel, S. (2014). 
Connected Mathematics 3: Grade 6. Upper Saddle River, NJ: 
Pearson Education.

Larson, R., & Boswell, L. (2014). Big ideas math: A common core 
curriculum. Erie, PA: Big Ideas Learning.

Lipsey, M. W., Puzio, K., Yun, C., Hebert, M. A., Steinka-Fry, 
K., Cole, M. W., . . . Busick, M. D. (2012). Translating the 
statistical representation of the effects of education inter-
ventions into more readily interpretable forms (NCSER 
2013-3000). Washington, DC: National Center for Special 
Education Research, Institute of Education Sciences, U.S. 
Department of Education. Retrieved from http://ies.ed.gov/
ncser/pubs/20133000/pdf/20133000.pdf

Lortie-Forgues, H., Tian, J., & Siegler, R. S. (2015). Why is learning 
fraction and decimal arithmetic so difficult? Developmental 
Review, 38, 201–221. doi:10.1016/j.dr.2015.07.008

Maxwell, S. E., & Delaney, H. D. (2004). Designing experiments 
and analyzing data: A model comparison perspective (2nd 
ed.). Mahwah, NJ: Lawrence Erlbaum.

Mazzocco, M. M., & Devlin, K. T. (2008). Parts and “holes”: 
Gaps in rational number sense among children with vs. with-
out mathematical learning disability. Developmental Science, 
11, 681–691. doi:10.1111/j.1467-7687.2008.00717.x

National Governors Association Center for Best Practices & 
Council of Chief State School Officers. (2010). Common 
core state standards for mathematics. Common Core State 
Standards Initiative. Retrieved from http://www.corestan-
dards.org/Math/Content/OA/

National Mathematics Advisory Panel. (2008). Foundations 
for success: The final report of the National Mathematics 
Advisory Panel. Washington, DC: U.S. Department of 
Education.

Newton, K. J., Willard, C., & Teufel, C. (2014). An examination 
of the ways that students with learning disabilities solve frac-
tion computation problems. The Elementary School Journal, 
115, 1–21. doi:10.1086/676949

Ni, Y., & Zhou, Y. D. (2005). Teaching and learning fraction and 
rational numbers: The origins and implications of whole num-
ber bias. Educational Psychologist, 40, 27–52. doi:10.1207/
s15326985ep4001_3

Ramani, G. B., & Siegler, R. S. (2008). Promoting broad and stable 
improvements in low-income children’s numerical knowledge 
through playing number board games. Child Development, 
79, 375–394. doi:10.1111/j.1467-8624.2007.01131.x

Resnick, I., Jordan, N. C., Hansen, N., Rajan, V., Rodrigues, J., 
Siegler, R. S., & Fuchs, L. S. (2016). Developmental growth 
trajectories in understanding of fraction magnitude from 
fourth through sixth grade. Developmental Psychology, 52, 
746–757. doi:10.1037/dev0000102

Reys, B. J., Kim, O., & Bay, J. M. (1999). Establishing fraction 
benchmarks. Mathematics Teaching in the Middle School, 4, 
530–532.

Rinne, L. F., Ye, A., & Jordan, N. C. (2017). Development of 
fraction comparison strategies: A latent transition analy-
sis. Developmental Psychology, 53, 713–730. doi:10.1037/
dev0000275

Rittle-Johnson, B., Siegler, R. S., & Alibali, M. W. (2001). 
Developing conceptual understanding and procedural skill 
in mathematics: An iterative process. Journal of Educational 
Psychology, 93, 346–362.

Rodrigues, J. (2017). Developing fraction screeners to identify 
children at risk for mathematics difficulties (Unpublished 
doctoral dissertation). University of Delaware, Newark.

Rodrigues, J., Dyson, N., Hansen, N., & Jordan, N. C. (2016). 
Preparing for algebra by building fraction sense. Teaching 
Exceptional Children, 49, 134–141.

Schneider, M., Grabner, R. H., & Paetsch, J. (2009). Mental num-
ber line, number line estimation, and mathematical achieve-
ment: Their interrelations in grades 5 and 6. Journal of 
Educational Psychology, 101, 359–372.

Schneider, M., & Siegler, R. S. (2010). Representations of the 
magnitudes of fractions. Journal of Experimental Psychology: 
Human Perception and Performance, 36, 1227–1238. 
doi:10.1037/a0018170

Siegler, R. S., Duncan, G. J., Davis-Kean, P. E., Duckworth, K., 
Claessens, A., Engel, M., . . . Chen, M. (2012). Early predic-
tors of high school mathematics achievement. Psychological 
Science, 23, 691–697.

Siegler, R. S., Fuchs, L., Jordan, N., Gersten, R., & Ochsendorf, 
R. (2015). The center for improving learning of fractions: A 
progress report. In S. Chinn (Ed.), The Routledge interna-

http://files.eric.ed.gov/fulltext/ED504995.pdf
http://files.eric.ed.gov/fulltext/ED504995.pdf
http://ies.ed.gov/ncser/pubs/20133000/pdf/20133000.pdf
http://ies.ed.gov/ncser/pubs/20133000/pdf/20133000.pdf
http://www.corestandards.org/Math/Content/OA/
http://www.corestandards.org/Math/Content/OA/


254 Remedial and Special Education 41(4)

tional handbook of dyscalculia and mathematical learning 
difficulties (pp. 292–303). New York, NY: Routledge.

Siegler, R. S., Thompson, C., & Schneider, M. (2011). An inte-
grated theory of whole number and fractions development. 
Cognitive Psychology, 62, 273–296. doi:10.1016/j.cog-
psych.2011.03.001

Stafylidou, S., & Vosniadou, S. (2004). The development of 
students’ understanding of the numerical value of fractions. 
Learning and Instruction, 14, 503–518. doi:10.1016/j.learn-
instruc.2004.06.015

Steedly, K., Dragoo, K., Arafeh, S., & Luke, S. (2008). Effective 
mathematics instruction. Evidence for Education, 3, 1–12.

Think Through Learning. (2016). Available from https://www.
thinkthroughmath.com

U.S. Department of Education, Institute of Education Sciences. 
(2014). What works clearinghouse: Procedures and standards 

handbook (Version 3.0). Retrieved from https://ies.ed.gov/
ncee/wwc/Docs/referenceresources/wwc_procedures_v3_0_
standards_handbook.pdf

U.S. Department of Education, Institute of Education Sciences, 
National Center for Education Statistics, National Assessment 
of Educational Progress. (1990–2009). 1990-2009 mathemat-
ics assessment. Retrieved from http://nces.ed.gov/nationsre-
portcard

Vosniadou, S., Vamvakoussi, X., & Skopeliti, I. (2008). The 
framework theory approach to conceptual change. In S. 
Vosniadou (Ed.), International handbook of research on con-
ceptual change (pp. 3–34). Mahwah, NJ: Lawrence Erlbaum.

Wittenberg, L., Economopoulos, L., Bastable, V., Bloomfield, 
K. H., Cochran, K., Earnet, D., . . . Sillman, K. (2012). 
Investigations in number, data, and space (Grade 3). 
Glenview, IL: Pearson Education.

https://www.thinkthroughmath.com
https://www.thinkthroughmath.com
https://ies.ed.gov/ncee/wwc/Docs/referenceresources/wwc_procedures_v3_0_standards_handbook.pdf
https://ies.ed.gov/ncee/wwc/Docs/referenceresources/wwc_procedures_v3_0_standards_handbook.pdf
https://ies.ed.gov/ncee/wwc/Docs/referenceresources/wwc_procedures_v3_0_standards_handbook.pdf
http://nces.ed.gov/nationsreportcard
http://nces.ed.gov/nationsreportcard

