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Abstract
Mathematics learning standards across the United States include conceptual knowledge 
of numbers and use of modeling and explanation within computation. The concrete-
representational-abstract (CRA) sequence and the Strategic Instruction Model (SIM) 
have been shown to be effective in increasing students’ fluency in computation, including 
multiplication with regrouping, with a focus on conceptual knowledge. To date, the CRA-
SIM multiplication research has not included a comparison to another method. The 
purpose of this study was to fill this gap by comparing CRA-SIM to Direct Instruction (DI). 
Twenty-nine elementary- and middle-level students with and without disabilities received 
either CRA-SIM or DI.  While each program resulted in increased fluency in multiplication 
with regrouping, CRA-SIM led to slight increases in fluency compared to DI. Implications 
and program components that influenced these results will be discussed.  
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Mathematics standards adopted by most 
states across the United States include 
mathematical practices intended to lead 

students toward effective mathematical thinking 
and application within real-world situations (Com-
mon Core State Standards Initiative [CCSSI], 2010). 
Mathematical practices, in turn, include identifica-
tion of meaning within problems so that reasonable 
solutions can be developed. Evaluation of possible 
solutions requires deep knowledge and understand-
ing of numbers and operations such that multiple 
pathways toward a solution can be generated and 
then judged for reasonableness (Barlow & Harmon, 
2012). 

In order for students to engage in these practic-
es, instruction must emphasize conceptual under-
standing, perseverance in problem solving, as well 
as proficiency in procedural knowledge and fluency 
in operations (National Mathematics Advisory Pan-
el, 2008). It is important for students to have con-
ceptual knowledge because poor conceptual under-

standing often leads to confusion or error patterns 
as mathematics problem solving becomes more 
complex (Kroesbergen, van’t Noordende, & Kolk-
man, 2014). Therefore, development of conceptual 
understanding should begin in the early grades and 
continue as more complex mathematical processes 
are introduced (Witzel, Ferguson, & Mink, 2012). 
Further, mathematics interventions for students 
who struggle should include modeling and empha-
sis on conceptual understanding as fluency develops 
(Dacey & Drew, 2012; Kiuhara & Witzel, 2014).

As operations become more complex, algorithms 
are included as one way to solve problems. Within the 
standards adopted by most states across the nation, 
students are required to show fluency in standard 
algorithms, including multiple-step processes 
associated with multiplication with regrouping 
and long division. When designing interventions 
that lead to fluency in using traditional algorithms, 
conceptual understanding as to how and why these 
algorithms work may be included.
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Teaching Conceptual Understanding of 
Numbers and Operations

The use of the concrete-representational-
abstract (CRA) instructional sequence is one way 
to build or reinforce conceptual understanding 
of numbers and operations. To assist students in 
learning and remembering procedural steps, CRA 
has been combined with the Strategic Instruction 
ModelTM (SIM), a model in which students learn to 
systematically complete complex academic tasks 
through explicit instruction and programmed 
generalization with procedural knowledge acquired 
through a streamlined set of steps, usually in the form 
of a mnemonic device (Deshler & Schumaker, 1986). 

The combination of CRA and SIM (CRA-SIM) 
works as follows. First, students learn to compute 
problems using concrete objects through explicit in-
struction (i.e., teacher demonstration, guided prac-
tice, and independent practice). Next, students solve 
problems by drawing representations of numbers, 
fading their dependence on physical objects.  After 
having mastered computation using drawings, stu-
dents learn a strategy for following algorithmic pro-
cedures in the form of a device that aids memory. This 
mnemonic strategy provides students with a scaffold 
from modeling problems with drawings to solving 
problems using numbers only. The goal of CRA-SIM 
is to develop computational fluency based on con-
ceptual understanding of numbers and operations. 

CRA-SIM. Mercer and Miller (1992) began the 
line of CRA-SIM research with the development of a 
curriculum called the Strategic Math Series, in which 
the researchers taught basic addition, subtraction, 
multiplication, and division using CRA-SIM.  With-
in separate curriculum materials, students learned 
to perform basic operations using concrete objects, 
drawings, and a procedural mnemonic strategy called 
“DRAW” for solving problems using numbers only. 
The  procedural steps were as follows: (a) discover the 
sign; (b) read the problem; (c) answer or draw and 
check; and (d) write the answer. Mercer and Miller 
(1992) found that CRA-SIM was more effective than 
traditional basal mathematics curriculum materials. 

In a later study, Miller and Mercer (1993) inves-
tigated the effects of CRA-SIM for elementary stu-
dents with specific learning disabilities (SLD), and 
obtained similar results with regard to effectiveness. 
Additional studies have demonstrated positive ef-
fects using CRA-SIM to teach basic operations as 
well as more advanced skills such as fractions and 
algebraic equations (Harris, Miller, & Mercer, 1995; 

Morin & Miller, 1998), and integers, fractions, and 
algebra (Maccini & Hughes, 2000; Maccini & Ruhl, 
2000; Witzel, Mercer, & Miller, 2003).  

The most recent CRA-SIM research focused on 
computation involving regrouping, first with addition 
and subtraction and then with multiplication. For 
example, Flores (2009, 2010) taught subtraction with 
regrouping to elementary students experiencing failure 
in mathematics  using explicit instruction combining 
CRA methods and the DRAW mnemonic strategy. 
Results of this multiple-probe-across-students study 
showed a functional relation between CRA-SIM and 
subtraction with regrouping across all students.  

In another study, Miller and Kaffar (2011) 
compared CRA-SIM to traditional basal materials, 
teaching addition with regrouping to students with 
learning difficulties in mathematics.  Whereas the 
comparison group received 16 lessons from a tra-
ditional second-grade basal series, the CRA-SIM 
group received 16 lessons, including explicit in-
struction using the CRA sequence and a procedural 
mnemonic strategy (Read the problem, Examine the 
ones column, Note ones in the ones column, Ad-
dress the tens column, Mark tens in the tens col-
umn, Examine and note hundreds and exit with a 
quick check; RENAME). The researchers extended 
the regrouping research by having students use 
place-value mats to organize base-ten blocks and 
drawings during the concrete and representational 
stages of instruction. After solving addition with re-
grouping problems with objects and drawings, stu-
dents learned the mnemonic strategy, RENAME, as 
they transitioned to problem solving using numbers 
only in the abstract phase.  Compared to the basal 
group, students in the CRA-SIM group demonstrat-
ed significant gains in addition with regrouping.  

Using a multiple-probe-across-students design, 
Mancl, Miller, and Kennedy (2012) extended the line 
of CRA-SIM subtraction with regrouping research to 
include students with SLD. The students solved prob-
lems using base-ten blocks and a place-value mat 
at the concrete level of instruction. During the rep-
resentational phase, they learned to solve problems 
using pictures and a place-value mat. The researchers 
taught the RENAME strategy between the represen-
tational and abstract phases of instruction; finally, 
students progressed to problem solving using num-
bers only. The results indicated a functional relation 
between CRA-SIM and accuracy in subtraction.

Flores, Hinton, and Strozier (2014) taught sub-
traction with regrouping and multiplication with re-
grouping using a multiple-probe-across-behaviors 
design. Students receiving tier three intervention 
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within a response to intervention prevention frame-
work (Vaughn & Fuchs, 2003) learned subtraction 
with regrouping in the tens place, subtraction with 
regrouping in the tens and hundreds places, and 
multiplication with regrouping using one-digit and 
two-digit multipliers (bottom number). The algo-
rithms were taught using base-ten blocks during the 
concrete phase and drawings during the represen-
tational phase. The students learned the RENAME 
strategy and applied it when solving problems during 
the abstract phase. A functional relationship was 
found between CRA-SIM and students’ regrouping 
performance across subtraction and multiplication.

In an extension of this line of CRA multiplica-
tion research, Flores, Schweck, and Hinton (2014) 
included elementary students with SLD.  Focusing 
solely on problems with two-digit multipliers, their 
study added place-value mats, which students used 
to organize base-ten blocks and drawings during the 
concrete and representational phases.  Using a mul-
tiple-probe-across-students design, results showed 
a functional relation between CRA-SIM and multi-
plication with regrouping performance. 

Finally, Flores and Franklin (2014) explored CRA 
research on methods implemented by practitioners 
instead of a researcher or graduate assistant, with 
findings that indicated CRA improves student per-
formance for multiplication of two-digit numbers.

Direct Instruction. As indicated, the research 
supporting CRA-SIM for teaching multiplication 
with regrouping has demonstrated promising re-
sults for small groups of students. However, to date, 
no study has compared CRA-SIM to another meth-
od as a way of showing its effectiveness compared 
to other evidence-based practices with a focus on 
multiplication with regrouping. 

One form of instruction classified as an evi-
dence-validated instructional method for students 
who struggle with mathematic concepts is Direct 
Instruction (DI) (Gersten et al., 2009). DI has been 
found to be effective in teaching mathematics for at-
risk students and students with disabilities (Przycho-
dzin, Marchand-Martella, Martella, & Azim, 2004). 
DI programs are comprehensive and establish long-
term goals that address strands, or skill sets embed-
ded in larger concepts. For example, Corrective Math-
ematics addresses skill sets of solving for facts, place 
value, operations, and word problems within the 
larger idea of what addition, subtraction, multiplica-
tion, and division imply (Przychodzin et al., 2004). 

When applying DI, the following procedures 
are used (Watkins & Slocum, 2004).  First instruc-

tion organizes central concepts and strategies to 
ensure efficient student learning. Second, clear and 
systematic methods of teacher communication are 
implemented to decrease misunderstanding. Third, 
instruction includes structured verbal exchanges be-
tween teachers and students, which increase student 
engagement, progress monitoring, and repeated 
practice. Fourth, instruction strategically integrates 
skills to ensure efficient learning and understand-
ing. Fifth, instructional concepts are arranged in 
strands, in which learning develops throughout the 
program while continually reviewing and generaliz-
ing information. 

Similar to CRA-SIM, researchers have demon-
strated positive effects of using DI to teach opera-
tions as well as more advanced mathematics such as 
fractions (Adams & Engelmann, 1996). Studies ex-
amining fraction instruction have included students 
with and without SLD in grades seven and higher 
(Flores & Kaylor, 2007; Kelly, Gersten, & Carnine, 
1990; Scarlato & Burr, 2002). Since several skill sets 
are addressed in DI research, it is difficult to hone in 
on specific operations; nevertheless, studies have ad-
dressed embedded skills such as multiplication. Most 
DI research makes comparisons to basal programs 
used within the school systems and involves solving 
word problems using mathematic operations. 

Darch, Carnine, and Gersten (1984) taught 
word problems with addition, subtraction, multi-
plication, and division operations to students in the 
fourth grade who demonstrated a deficit in addition, 
subtraction, multiplication, or division, and in solv-
ing for word problems. Seventy-three participants 
were randomly assigned to one of four groups: (a) 
DI method with fixed amount of practice, (b) bas-
al instruction with fixed amount of practice, (c) DI 
method with extended practice, and (d) basal in-
struction with extended practice.  The students who 
received DI outperformed peers who received basal 
instruction in solving word problems. The DI meth-
od with extended practice group scored the highest 
of all four groups. 

In a later study, Wilson and Sindelar (1991) 
compared the effectiveness of using a DI and a bas-
al program to teach addition and subtraction word 
problems.  The study included 62 students with SLD 
in mathematics within nine elementary schools. Par-
ticipants were able to solve addition and subtraction 
facts with at least 80% accuracy and read at least at a 
1.5 grade level. Students were randomly assigned to 
three groups: (a) DI with word problem types taught 
individually, (b) DI with word problem types inte-
grated, and a (c) basal program with word problems 
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taught individually. Students who received DI made 
substantial increases in solving mathematical word 
problems involving addition and subtraction com-
pared to students who received the basal program 
instruction.  

Other researchers (Woodward & Brown, 2006) 
compared instructional approaches using the lens of 
standards-based curriculum. Specifically, Woodward 
and Brown (2006) examined a DI curriculum and a 
curriculum that was not explicit, but followed the 
National Teachers of Mathematics Standards 2000 
guidelines.  Participants, who were in the sixth grade, 
included students with and without disabilities, and 
were recommended by teachers for intensive, reme-
dial instruction. The students had difficulty solving 
whole-number problems using the four basic op-
erations (i.e., addition, subtraction, multiplication, 
and division) and place value. Results of the study 
showed that students who received DI instruction 
significantly outperformed the comparison group 
on posttest measures of the four basic operations 
and place value.  

The purpose of the current study was to extend 
the CRA-SIM literature by comparing its effects to 
DI, an established, evidence-validated, and explicit 
instructional method. 

Method

Participants

Participants were 29 students in the United 
States in grades four through seven enrolled  in re-
medial summer programs based on their lack of re-
sponse to instruction and their performance on the 
annual state assessment, indicating that they had 
not made adequate progress toward mastering state 
standards. Fifteen of the students had identified 
disabilities and were eligible for special education 
services under the categories of specific learning 
disabilities (7), emotional behavioral disorders (3), 
autism spectrum disorders (1), and other health im-
pairments (4). 

The criteria for student participation were as 
follows: (a) parental permission to participate in 
research, and (b) meeting placement guidelines in 
the DI Corrective Mathematics Multiplication (En-
gelmann, & Carnine, 2005) program, which meant 
students had to demonstrate proficiency in basic 
multiplication, addition with regrouping, and multi-
plication involving one-digit numbers. The students 
were matched as pairs by assessment performance, 

Table 1 
Student Demographic Information by Group

Demographic Information DI Group CRA-SIM Group
Gender            Male 10 9
                          Female 5 5
Grade                Grade 4 6 8

Grade 5 5 5
Grade 6 3 1
Grade 7 0 1

Ethnicity            White 11 13
African American 2 1
Latino/a 1 1

Disability          Speci!c Learning Disability 4 3
Emotional Behavioral Disorder 2 1
Autism Spectrum Disorder 1 0
Other Health Impairment 1 3
None 6 8

Computation Achievementa Standard Score = 82
Range = 72-98

Standard Score = 81
Range = 68-99

aStandard score from Operations Subtest, KeyMath Diagnostic Assessment (Connolly, 2007).
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disability category when possible, ethnicity, and 
grade. The members of each pair were randomly as-
signed to either the CRA-SIM (15 students) or DI 
(14 students) groups through a coin toss. Statistical 
analysis showed there were no differences between 
the groups. Student characteristics by group are pre-
sented in Table 1.

Setting

The study was conducted in remedial summer 
intervention programs at a combined elementary 
and middle school. The annual programs are a col-
laborative effort between a university and a local 
school district in a small Midwestern city. Students 
attended the program for four and one half hours per 
day, four days per week for six weeks. District teach-
ers provided general instruction in reading, written 
expression, and mathematics. In addition, university 
graduate students pulled children out for up to two 
periods per day to provide more intensive mathe-
matics interventions. The graduate students were 
certified teachers enrolled in a special education li-
censure program for specific learning disabilities; five 
teachers had recently completed a bachelor’s degree 
and initial certification with less than one year of 
teaching experience, and one teacher had 17 years of 
general education teaching experience. 

Instruction occurred in separate classroom set-
tings for 50 minutes each day.  For both DI and CRA-
SIM, the students received small-group instruc-
tion with four to six students in each group. Across 
groups, students were seated at tables or desks sur-
rounding the teacher, who provided instruction us-
ing a white board and materials appropriate for each 
intervention. 

Materials

Direct Instruction materials. The teacher 
materials consisted of the Corrective Mathematics 
Multiplication presentation book (Engelmann & 
Carnine, 2005). The teachers used the script with-
in the book and the white board to implement the 
program. The student materials consisted of the 
Corrective Mathematics Multiplication student work-
book. The student lesson materials involved a page 
with multiple sections in which students completed 
short activities related to multiplication and multi-
plication with regrouping procedures; the students 
practiced multiplication facts, mental computation, 

application of place value, addition with regrouping, 
word problems, and multiplication with regrouping 
within each lesson.  The materials also included a 
section in which students recorded points that could 
be earned for completion and accuracy within each 
lesson section. 

Although it was not part of the curriculum, the 
students in the DI group also completed a learning 
contract prior to instruction, whereby they agreed to 
work hard to learn multiplication, and, in turn, their 
teachers agreed to work hard to provide instruction. 
The contract was added to the program because CRA-
SIM includes a contract, and the researchers wanted 
equivalent student motivation within each group. 

CRA-SIM materials. The teacher materials in-
cluded (a) an instructional manual describing pro-
cedures and teacher behaviors for each lesson, in-
cluding suggested scripts and answer keys; (b) a set 
of oversized magnetic base-ten blocks to be used for 
teacher demonstration; and (c) a reproduction of the 
place-value mat projected on the white board and 
Smart Board™ to organize magnetic blocks or draw 
representations.  

Each student used the following materials: (a) 
learning contract signifying a commitment to learn 
a new way of multiplying; (b) a set of base-ten bocks 
made of foam; (c) a laminated multiplication mat 
that was used to organize base-ten blocks, learn-
ing sheets for each lesson, and a progress chart that 
was used to monitor daily progress during guided 
and independent practice. The learning sheets were 
divided into three sections: demonstration, guided 
practice, and independent practice. Within each sec-
tion, problems were written with both words and 
mathematical symbols (e.g., There are 32 classrooms 
and each has 24 students. How many students in 
all? __ groups of __, 32 x 24). The problems with-
in learning sheets 1 through 12 consisted of only 
multiplication problems. Beginning with lesson 13, 
instruction included discrimination between mul-
tiplication problems and addition or subtraction 
problems. Learning sheets for lessons 14-16 con-
sisted of words without written problems requiring 
that students determine the appropriate operation 
as well as computation. Maintenance lessons began 
with lesson 17, which did not have demonstration, 
just guided and independent practice. Finally, les-
sons 18-20 involved only independent practice. In 
addition to learning sheets, student materials in-
cluded progress charts, which were used to record 
accuracy of computation for each lesson.
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Assessment materials. Assessment materials 
were two timed assessments developed by the first 
author. Probes consisted of sheets of paper with 20 
problems requiring multiplication with regroup-
ing. Both probes included similar problems, but the 
problems were not presented in the same order to 
ensure students would not memorize answer pat-
terns from pretest to posttest. 

Reliability of the researcher-developed probes 
was assessed prior to the study; results from the 
internal consistency test revealed Cronbach’s alpha 
coefficient of r = .83 for all probe items. Timed as-
sessments were used since previous CRA research 
used fluency as a dependent measure.

Assessment Procedures

Students completed timed probes before and af-
ter the DI or CRA-SIM interventions, as follows. The 
teachers gave each student a probe and told them 
that they would be taking a timed test and were to 
begin when a timer started. Students were also told  
to answer as many problems as possible until they 
were told to stop and the timer sounded. After these 
instructions, the teachers told the students to begin, 
and started a timer set for two minutes. When the 
timer sounded, the teachers told students to put 
their pencils down and collected the completed 
probes. The probes were analyzed by counting the 
number of correct digits written below the answer 
line, meaning the numbers used in calculating the 
problem as well as the final answer. 

Instructional Procedures 

Difference between DI and CRA-SIM proce-
dures. Both DI and CRA-SIM are explicit instruc-
tional methods, but differ in several ways. DI requires 
more frequent choral responding than CRA-SIM, 
which affords students more opportunities to prac-
tice correct responses when solving operations with 
multiplication with regrouping. DI also offers more 
opportunities for students to practice with repetition 
solving problems using the procedural components 
of the standard algorithm. CRA-SIM, on the other 
hand, places heavy emphasis on conceptual under-
standing by making models and drawings of quan-
tities, and demonstrating the operation as students 
solve problems. Once students have solving prob-
lems in a manner that requires multiple representa-
tions of the numbers and operations (e.g., base-ten 

blocks, drawings, and numbers), they are allowed to 
solve problems using numbers only, with a focus on 
the procedures of the standard algorithm.

DI. The procedures for the DI group were followed, 
as prescribed by the program (Engelmann & Carnine, 
2005). Each instructional period lasted 50 minutes; the 
size of the instructional group influenced the lesson 
length since individual turns and responses required 
more time. The students sat at tables or desks around 
the teacher. The teachers used the program script to 
present instruction. Instruction began with lesson 28, 
the entry point into the program for students who have 
mastered basic multiplication and need instruction in 
regrouping. Seventeen lessons that involved multipli-
cation with regrouping (lessons 28-44) were imple-
mented. Lessons included multiple skills that involved 
review of multiplication facts, reading and writing 
numbers, multiplication with single- and multi-dig-
it multipliers, and word problems involving addition, 
subtraction, and multiplication. 

A typical lesson went as follows. The first part 
was rehearsal of basic multiplication facts. Students 
completed addition with regrouping. Another sec-
tion provided instruction in place value and reading 
numbers (e.g., 2,006 read as “two thousand six”). 
Here students completed word problems that in-
volved addition, subtraction, and multiplication.

The section of the lesson devoted to multiplica-
tion with regrouping procedures provided students 
with tasks that were progressively more complex. 
Multiplication problems were written using grids 
that separated numbers by place value, and small 
boxes were written above the problem to be used 
for regrouping. The students were presented with a 
partially completed multiplication problem that had 
two-digit multipliers (bottom number). 

Instruction began with the teacher’s verbal 
description of how to multiply the numbers in the 
multiplicand (top number) by the number in the 
ones place of the multiplier (bottom number). Next, 
the program presented students with a problem 
written with grids, regrouping boxes, and completed 
computation using the number in the ones place of 
the multiplier. The students computed the rest of the 
problem using the number in the tens place of the 
multiplier and added the results to arrive at the final 
answer. Next, the program presented students with 
problems written with grids and regrouping boxes, 
but students computed the whole problem. Final-
ly, the grids were removed, and students computed 
problems that included regrouping boxes. A visual 
representation of problem presentation for each 
program is presented in Figure 1.
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Direct Instruction

CRA-SIM  Problem Solved Within Concrete Phase

CRA-SIM  Problem Solved Within Representational Phase

Figure 1. Visual presentation of instructional aids within each program.

Instruction involved activities requiring both oral 
and written responses using the student workbooks. 
Throughout each lesson, the program includes a 
point system whereby students earn points for com-
pleting lesson components correctly. The teachers 
implemented this reinforcement system across all 
lessons. Students were asked to respond to questions 

or engage in tasks as a group and individually. The 
teachers used signals to prompt group responses. 
The teachers followed the prescribed error-correc-
tion procedures for the following errors: responses 
prior to the teacher’s signal, late responses, failure to 
complete tasks, and incorrect responses. Correction 
procedures included modeling the correct response, 
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leading the students in the correct response, and ask-
ing students to respond independently.

CRA-SIM instruction. For CRA-SIM, the 
teachers implemented instruction according to the 
intervention manual. The manual includes suggested 
scripts for each lesson intended to provide guidance 
but not to be read word for word. Each lesson consists 
of five parts: the advance organizer, demonstration, 
guided practice, independent practice, and post-
organizer. During the advance organizer, the teachers 
provided the students with an overview of the lesson 
activities and stated expectations for student behavior. 
During the demonstration, the teachers showed the 
students how to solve problems through physical as 
well as mental processes by thinking aloud. Students 
were asked to participate by responding to questions 
related to prior knowledge or repeating words or 
phrases used by the teacher. 

Guided practice involved problem solving by 
both the teacher and the students. The teachers 
completed problems with the students’ assistance. 
That is, the students told the teachers how to 
complete each step of the problem and, when 
necessary, the teachers provided verbal prompts. 
Independent practice involved student completion 
of problems without the teachers’ assistance. During 
this stage, the teachers monitored students’ work and 
provided feedback when errors occurred, but did not 
complete portions of problems or prompt students 
during their work. The lesson ended with a post-
organizer, in which the teachers briefly reviewed the 
lesson activities and provided group feedback. 

The teachers measured students’ progress using 
the number of correct digits written within the last 
problem completed during guided practice as well 
as the independent practice problems. There was no 
timing component to these portions of the lesson, 
but number of digits correct was used rather than 
the number of problems correct because it is a more 
sensitive measure of improvement. Lesson mastery 
was defined as 80% of digits correct. The students 
tracked their own progress after each lesson by 
marking their percent of digits correct on a chart.

The intervention was divided across 20 lessons, 
17 of which were completed within this study. Prior 
to the first lesson, students took a pretest, discussed 
their performance with the teacher, and made a 
commitment to learning a new way of solving 
multiplication problems. The first five lessons involved 
solving multiplication problems with regrouping 
using base-ten blocks and a multiplication mat; 
instruction began with one-digit multipliers in lesson 

1, and became more complicated with each lesson 
until problems included two-digit multipliers in 
lesson 5. After the advance organizer, the teachers 
demonstrated problems using large base-ten block 
magnets and the multiplication mat on a white 
board, large enough for students to see. The teachers 
read the written problem, emphasizing that there 
were groups of items/people and each containing the 
same amount and that this could be solved through 
multiplication. The teachers set out the multiplicand 
(top number) on the mat using base-ten blocks and 
used the digit in the ones place of the multiplier 
(bottom number) to make groups. They told students 
about a rule, “if there are ten or more, go next door.” 
If the groups of ones combined to make 10 or more, 
the ones blocks were exchanged for tens blocks and 
placed in the tens’ place of the mat. The teachers 
wrote a small number (crutch number) over the digit 
in the tens’ place of the written problem to indicate 
regrouping. The teachers marked the remaining ones 
on the written problem and moved to the digit in the 
tens’ place of the multiplicand. 

The teachers made groups of tens using the 
digit in the ones’ place of the multiplier. When 
combining the groups, they added the crutch 
number previously added to the tens’ place during 
regrouping. Upon adding the number, the teachers 
crossed out the crutch number, telling the students 
that they did not want that number to confuse them 
later. The teachers applied the “ten or more” rule by 
exchanging 10 tens blocks for hundreds, if necessary. 
They marked the written problem. The teachers told 
the students that they were finished multiplying by 
the bottom number in the ones’ place. They crossed 
out the digit in the ones’ place of the multiplier 
and wrote a zero in the ones’ place underneath the 
first row of answers, emphasizing that they were 
multiplying by tens. Then they multiplied the digit in 
the ones’ place of the multiplicand by the digit in the 
tens’ place of the multiplier. They made groups of 
tens and put them on the mat. They applied the  “ten 
or more” rule if necessary and marked the problem. 
Then the teachers told the students that they were 
working the hundreds’ place. The teachers showed 
the students the problem (e.g., 30x20, 30 groups 
of 20) and demonstrated that this resulted in six 
hundred using the blocks (30 groups of 20 made 60 
tens blocks, which were combined into 6 hundreds 
blocks). The teacher told the students that 30 groups 
of 20 is the same as 3 groups of 2 hundreds. 

After the teachers multiplied the multiplicand 
by both numbers in the multiplier using blocks and 
completed the written problem, they combined the 
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blocks within each row of answers, beginning with 
the ones column. After combining blocks in each 
column, the teachers  marked the written problem. 
Finally, the teachers checked the students’ work by 
comparing the blocks with the written answers. 
The teachers demonstrated three problems. Guid-
ed practice involved completion of three problems 
through cooperation with students and assistance 
with verbal prompts. Finally, the students complet-
ed three problems independently.

Lessons 6 through 10 involved the use of draw-
ings to represent the problem on the multiplication 
mat rather than base-ten blocks. The procedures 
described above were followed again. Ones were 
drawn using horizontal lines (groups) with short 
vertical tallies (items in each group). Tens were 
drawn using long vertical lines. Hundreds were 
drawn using squares. Visual representations of the 
instructional aids used in each program were pre-
sented in Figure 1; CRA-SIM representations show 
a completed problem rather than the entire process 
of manipulating objects and drawings.

During lesson 11, the students learned the 
strategy for solving regrouping problems. The 
RENAME strategy was taught and practiced until 
the students could recite the steps upon seeing the 
mnemonic device. This lesson served as a bridge 
between problem solving using representations and 
problem solving using abstract symbols or numbers 
only. With lesson 12, students solved problems 
using the RENAME strategy without concrete or 
representational tools. 

Lessons 13 through 16 involved solving prob-
lems at the abstract level as well as discriminating be-
tween multiplication and other operations. It also in-
cluded learning an additional strategy: Find what you 
are solving for, Ask yourself, “What are the parts of 
the problem?,” Set up the numbers, Tie down the sign 
(FAST). The students practiced FAST RENAME until 
they could recite each the steps of FAST RENAME 
upon presentation of the mnemonic device. Lessons 
14 through 16 involved solving problems using num-
bers only. These lessons also included discrimination 
between word problems (addition, subtraction, or 
multiplication), identifying the appropriate operation 
as well as computation of the problem. 

When demonstrating problem solving, the 
teacher emphasized analysis of the words within 
problems and thinking about the whole problem. 
For example, if groups of items were being joined 
together, were there multiple groups with the same 
amount in each (multiplication) or were groups of 
different sizes combined (addition)? The inclusion 

of different types of problems was similar to the DI 
lessons and ensured that students understood real-
world application of multiplication rather than simply 
assuming that word problems within a multiplication 
lesson would require multiplication.

Lessons 17 through 20 were maintenance les-
sons. Lesson 17 involved guided practice with two 
problems, and the remainder of the lesson was in-
dependent practice. Lessons 18 through 20 involved 
only independent practice; however, the study end-
ed with Lesson 17. 

Treatment Integrity

Treatment integrity was measured using check-
lists completed after the researchers watched both 
live and videos of instruction. Twenty-five percent 
of the lessons were observed, with one observation 
and simultaneous video recording each week so that 
observations were spread throughout the interven-
tion.  Using a checklist based on checklists used in 
previous DI and CRA-SIM research (Flores , Hinton, 
& Stonier, 2014a; Marchand-Martell et al., 1995), 
the observer indicated whether 15 teacher behav-
iors that were required throughout the lesson were 
present or not. Teacher behaviors included (a) orga-
nization; (b) accurate presentation of lesson using 
scripts (DI) or suggested scripts (CRA-SIM); (c) ac-
curate use of program procedures; (d) accurate cor-
rection and feedback procedures; (e) accurate use of 
program materials; (f) appropriate pacing and affect 
such as smooth phrasing, eye contact with students, 
and engaging tone of voice; and (g) maintenance 
of progress monitoring (CRA-SIM) or point system 
(DI).  One of the authors observed a lesson live, 
another observed the recordings and calculated in-
terobserver agreement. Interobserver agreement for 
treatment integrity scoring was 98%. 

The treatment integrity for the DI group was 
96%, with scores ranging from 80% to 100%. The 
behaviors lacking were related to organization, cor-
rection procedures, and management of choral re-
sponses. The treatment integrity for the CRA-SIM 
group was 93%. The behaviors lacking here were 
related to organization, pacing, procedures, and 
teacher affect. 

The researchers met with the teachers after poor 
ratings (i.e., poor ratings were defined as scores below 
80% for not having materials ready, not modeling or 
solving problems with students; and displaying disin-
terest to students’ reactions and cues) to provide feed-
back and practice; to ensure remediation, the research-
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ers observed the subsequent lesson (this follow-up 
observation was not included in treatment integrity).  

Interscorer Reliability and Social Validity

The teachers and a researcher scored the as-
sessment probes, calculating the number of cor-
rect digits written. A researcher compared scores 
and calculated interscorer reliability by dividing the 
number of agreements and the sum of agreements 
and disagreements. Interscorer reliability was 97%. 

Social validity was measured using both teach-
er and student surveys. After the study, teachers and 
students completed a survey regarding their satisfac-
tion with and the effectiveness of the multiplication 
interventions. Both surveys included questions about 
liking instruction, increasing their multiplication 
skills, and whether they would recommend the in-
struction type for other students. Specific questions 
were related to each type of instruction, such as the 
type of instructional materials (multiple skills in one 
lesson for DI or use of base-ten blocks and drawings 
for CRA-SIM), procedures such as frequent choral 
responding, and use of motivational systems such as 
earning points and using a progress chart. 

Students. Survey questions were read aloud to 
the students, who completed them as a group with-
out providing their names. The DI student survey re-
sults indicated that 93% of students increased their 
multiplication skills and liked the materials. Most 
(71%) students liked the fast pace of instruction, the 
point system, as well as the lesson format, which in-
volved different types of activities in each lesson. The 
students’ responses were more divided regarding 
choral responses; 57% reported that this was difficult. 

The CRA-SIM student survey results indicated 
that all of the students in this group perceived that their 
multiplication skills increased. Most (93%) students 
reported that they liked the lesson format and would 
recommend it for other students. More than half (60%) 
of the students did not like using blocks and reported 
that manipulation of blocks with the place-value mat 
was difficult. However, 100% of the students liked solv-
ing problems using drawings on the place-value mat, 
and 93% reported that they would continue to use the 
RENAME strategy to solve problems. Most (93%) stu-
dents liked the progress chart. 

Teachers. The teachers all reported that the stu-
dents were in need of a multiplication with regroup-
ing intervention and that the programs were bene-

ficial. The DI teachers agreed that the lesson design 
with multiple skills was effective and also liked the 
scripted lessons, but they were split in their responses 
about other components of the program. Two teach-
ers liked the pacing, frequent questioning, and cho-
ral response, and felt DI was easy to implement. The 
other teacher did not like these features of the pro-
gram, and reported that she would not use it again. 

The three CRA teachers’ responses were similar 
to each other. That is, the teachers reported that the 
three phases of instruction were beneficial for stu-
dents, the program was easy to implement, and they 
would use it again. Both CRA-SIM teachers report-
ed that their least favorite part of the program was 
management of materials at the concrete level.

Results

Prior to the intervention, the researchers 
established that the DI and CRA-SIM groups were 
equivalent with regard to pretest performance and 
mathematics achievement, defined as standard scores 
on the Operations subtest of the KeyMath-3 (Connolly, 
2007). A one-way analysis of variance (ANOVA) was 
conducted, with the between-subjects factor being 
group (DI or CRA-SIM) and the within-subjects factors 
being the number of correct digits written on the pretest 
and the operations standard score on the KeyMath-3. 

Results of the ANOVA indicated that there were 
no significant differences between groups with re-
gard to pretest performance, F(1, 27) = 0.10, p = 0.75. 
Similarly, there were no differences between groups 
with regard to computation achievement, F(1, 27) = 
0.05, p = 0.82. Therefore, both groups were equiv-
alent. The means and standard deviations are pre-
sented in Table 2.

The researchers analyzed data for all students 
present for the pre- and posttest using a repeated-
measures ANOVA. A two-way ANOVA was 
conducted with the between-subjects factor being 
group (DI or CRA-SIM) and the within-subjects 
factor or dependent variable being number of digits 
correct as written on timed probes before and after 
the intervention. The means and standard deviations 
for number of digits correct are presented in Table 2. 

The results of the ANOVA indicated a signifi-
cant change in student performance across groups, 
Wilks’ Λ = 0.495, F(1, 27) = 27.54, p < 0.000, multivar-
iate η2 = 0.51. The results also revealed a significant 
effect for group, meaning that there was a difference 
between groups, Wilks’ Λ = 0.78, F(1, 27) = 7.61, p < 
0.01, multivariate η2 = 0.22. 
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Discussion

The purpose of the study was to compare 
CRA-SIM to another explicit evidence-validated 
practice, DI, in the form of Corrective Mathematics 
Multiplication (Engelmann & Carnine, 2005). Both 
instructional programs were implemented with fi-
delity by teachers in natural settings within a sum-
mer intervention program. The average fluency for 
both groups increased, and participation in either 
intervention resulted in moderate gains (η2 = 0.51). 
While there was a larger increase for students with-
in the CRA-SIM group, the effect size was minimal 
(η2 = 0.22). For 12 of the students in the CRA-SIM 
group, their fluency score increased, and of those, 
9 students demonstrated increases of more than 
20 correct digits (range of 21-58). In the DI group, 
the fluency of 9 students increased, and of those, 2 
demonstrated increases of 20 and 23 correct digits, 
respectively. 

Three students in the CRA-SIM group and 
six students in the DI group did not demonstrate 
progress. The researchers informally compared the 
characteristics of these students to students whose 
fluency increased in an attempt to find a reason for 
this finding. The presence of disability did not differ 
since students with the same disabilities within their 
instructional groups showed increases from 15 to 39 

digits.  In addition, KeyMath scores for these stu-
dents were similar; the lowest standard score within 
the group of non-responders was 69, but some stu-
dents with KeyMath scores of 72 and 73 increased 
their fluency by 12 to 44 digits. Students who did 
not demonstrate progress were in grades four and 
five across both groups, but their same-age peers 
showed increases. Finally, three non-responding 
students from each group had five or more absenc-
es whereas students who demonstrated increases 
in fluency had one or fewer absences. As a result, 
exposure to instruction through attendance likely 
influenced student progress.

In addition, results indicated that (a) more 
than half (60%) of the students did not like using 
blocks and reported that manipulation of blocks 
with the place-value mat was difficult; (b) 100% of 
the students liked solving problems using drawings 
on the place-value mat; and (c) 93% reported that 
they would continue to use the RENAME strategy 
to solve problems.  Base ten-blocks are used at the 
beginning of the intervention to represent quanti-
ties and operations in a concrete manner as students 
solve problems and write the numbers that corre-
spond to the concrete representations. Perhaps it 
was difficult and cumbersome for students to ma-
nipulate and trade out blocks to regroup at the be-
ginning of the intervention.  Using base-ten blocks 
may also be viewed negatively by students, as a sign 

Table 2
Means and Standard Deviations for the Two Groups

Analysis of Group Equivalence Mean Standard Deviation 
Pretest (correct digits written on 2-minute probe)

DI 15.29 15.36
CRA-SIM 17 13.83

Standard Score on Operations Subtest KeyMath-3
DI 82.14 6.92
CRA-SIM 81.47 9.1

Number of Digits Written Correctly on Timed Test Mean Standard Deviation E"ect Size

DI Group
Pretest 15.29 3.9
Posttest 22.0 4.52

η2 = 0.22
CRA-SIM Group

Pretest 17 3.77
Posttest 38.6 4.52
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that they need help to solve the operation. When 
drawing representations or using RENAME to solve 
problems, students do not trade out quantities to 
regroup, which can make it obvious to others what 
they may know or not know. Instead, they draw out 
how the quantities were regrouped on their person-
al mat, or solve problems using RENAME and num-
bers only on their paper. 

The students within the CRA-SIM group demon-
strated learning, consistent with previous CRA-SIM 
research related to multiplication with regrouping 
(Flores & Franklin, 2014 ; Flores, Hinton, & Strozier, 
2014; Flores, Schweck, & Hinton, 2014). The students’ 
performance on probes was also consistent with pre-
vious research. Students’ fluency did not show in-
creasing trends until the end of the abstract phase. In 
the current study, the abstract phase was presented, 
but there was not time for further practice. 

The results of this study are significant because 
CRA-SIM was compared to a research-validated ex-
plicit practice, whereas previous studies in this line 
of research have only documented student prog-
ress and response to CRA-SIM. Findings showed 
that CRA-SIM was as effective as DI and result-
ed in slight gains in fluency, or students’ ability to 
solve problems accurately and quickly. This finding 
is significant because CRA-SIM was compared to 
a research-validated intervention program with an 
emphasis on explicit, teacher-directed instruction 
in very specific task-oriented skills systematically 
leading to fluent procedural knowledge. The DI pro-
gram also included frequent choral responding, so 
students had more opportunities to practice correct 
responses. This is a different approach than CRA-
SIM, which does not include these features; how-
ever, students in the CRA-SIM group made at least 
as much or more progress in fluency. The CRA-SIM 
intervention emphasizes conceptual understanding 
and mathematical thinking as students make mod-
els and representations while computing problems, 
and this approach resulted in equivalent gains in 
procedural fluency. 

Both programs were explicit; the DI program 
was likely more explicit and provided more practice 
and repetition with regard to the procedural compo-
nents of the algorithm using numbers only. Howev-
er, the DI program lacked conceptual instruction us-
ing base-ten blocks, place-value mats, drawings, and 
a mnemonic for remembering the algorithmic pro-
cedures – components of CRA-SIM that may have 
increased students’ conceptual understanding of the 
algorithmic procedures, influencing overall progress 
and progress toward mastery of the procedures. 

Throughout instruction, video evidence from 
fidelity measures showed students in the CRA-SIM 
group answering questions and verbally describing 
the conceptual underpinnings of computation pro-
cedures. In addition, researchers engaged in infor-
mal interactions with students in CRA-SIM and DI 
groups regarding their approach to computation. The 
researchers asked students to talk aloud while solv-
ing a problem using numbers only. Students in the 
CRA-SIM group consistently referred to numbers 
based on their value (e.g., 20 x 40 with the answer 
being 8 hundred) whereas students in the DI group 
referred to these as the written numerals in the algo-
rithm (e.g., 2 x 4). Although students in both groups 
wrote the number eight correctly in the hundreds 
place of the problem, the CRA-SIM group appeared 
to be more aware of the algorithm’s meaning.

Limitations

The current study is limited in terms of the 
length of implementation, approximately four and 
one half weeks of instruction with 17 lessons. Both 
programs include additional lessons to which stu-
dents were not exposed. Additional time may have 
allowed for greater gains in students’ multiplication 
performance. Thus, future research should be im-
plemented without the time limits imposed by the 
summer programs within this study. Implementa-
tion during a traditional school year would allow 
for a natural implementation over the course of a 
grading period. 

The study is also limited in terms of the number 
and representativeness of the subjects. As a result, 
future research should include larger groups of stu-
dents receiving both interventions as well as stu-
dents from different regions of the country.

Conclusions and Implications 

The current research provides additional ev-
idence that CRA-SIM is an effective intervention 
with regard to multiplication with regrouping. This 
is the first study of multiplication with regrouping 
that involved groups of this size and comparison 
with an evidence-validated explicit practice. It is dif-
ficult to conclude that previous CRA-SIM multiplica-
tion-with-regrouping results would generalize due to 
the use of single-case methods and the small number 
of studies conducted. The current study strengthens 
this line of research and has greater implications 
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for generalization since a larger number of children 
demonstrated progress, as much progress as an evi-
dence-validated practice. CRA-SIM was implement-
ed within a class period, four days per week – that is, 
within instructional limits similar to those within typ-
ical elementary and middle schools, especially when 
specific intervention periods are designated. In addi-
tion, the CRA-SIM and DI interventions were easily 
implemented based on teachers’ reports. 

This study provides data for informed deci-
sion making with regard to curricular choices for 
intervention. Both interventions were effective, al-
though differing in the way conceptual knowledge 
is included. That is, the DI program addresses con-
ceptual understanding through verbal description 

whereas the CRA-SIM program addresses concep-
tual understanding through student manipulation 
of base-ten blocks and drawings. CRA-SIM may 
be preferable for students who need extra scaffold-
ing in their abstract thinking, provided through the 
concrete and representational phases of instruction. 
CRA-SIM also allows for student demonstration of 
mathematical practices (CCSSI, 2010) that call for 
modeling and explanation of problem solving. DI 
does not preclude this, but the physical process of 
modeling is not included. Overall, then, for the pur-
poses of using interventions consistent with stan-
dards for mathematical practices, CRA-SIM may be 
preferable, but additional research is necessary to 
draw those conclusions.  

References

Adams, G., & Engelmann, S. (1996). Research on Direct Instruc-
tion: 25 years beyond DISTAR. Seattle, WA: Educational 
Achievement Systems.

Barlow, A. T., & Harmon, S. (2012). CCSSM: Teaching in 
grades 3 and 4. Teaching Children Mathematics, 18, 498-
507. doi:10.5951/teacchilmath.18.8.0498

Common Core State Standards Initiative (CCSSI). (2010). 
Common core state standards for mathematics. Washing-
ton, DC: National Governors Association Center for Best 
Practices and the Council of Chief State School Officers. 
Retrieved from http://www.corestandards.org/assets/
CCSSI_Math%20Standards.pdf 

Connolly, A. J. (2007). Key Math Diagnostic Assessment. Minne-
apolis, MN: Pearson.

Dacey, L., & Drew, P. (2012). Common core state standards for 
mathematics: The big picture. Teaching Children Mathe-
matics, 18, 378-383. doi:10.5951.18.6.0378

Darch, C., Carnine, D., & Gersten, R. (1984). Explicit instruc-
tion in mathematics problem solving. Journal of Educa-
tional Research, 77, 351-359. https://doi.org/10.1080/0022
0671.1984.10885555

Deshler, D. D., & Schumaker, J. B. (1986). Learning strate-
gies: An instructional alternative for low achieving ad-
olescents. Exceptional Children, 52, 583-590. https://doi.
org/10.1177/001440298605200611

Engelmann, S., & Carnine, D. (2005). Corrective mathematics: 
Multiplication. Columbus, OH: SRA/McGraw-Hill.

Flores, M. M. (2009). Teaching subtraction with regrouping to 
students experiencing difficulty in mathematics. Prevent-
ing School Failure, 53(3), 145-152. https://doi.org/10.3200/
PSFL.53.3.145-152

Flores, M. M. (2010). Using the concrete-representational-ab-
stract sequence to teach subtraction with regrouping to 

students at risk for failure. Remedial and Special Education, 
31(3), 195-207. doi:10.1177/0741932508327467

Flores, M. M., & Franklin, T. M. (2014). Teaching multiplica-
tion with regrouping using the concrete-representa-
tional-abstract sequence and the Strategic Instruction 
Model. Journal of the American Academy of Special Edu-
cation Professionals, 6, 133-148. https://doi.org/10.1111/
ldrp.12032

Flores, M. M., Hinton, V. M., & Strozier, S. D. (2014). Teaching 
subtraction and multiplication with regrouping using the 
concrete-representational-abstract sequence and stra-
tegic instruction model. Learning Disabilities Research & 
Practice, 29(2), 75-88. https://doi.org/10.1111/ldrp.12032 

Flores, M., M., & Kaylor, M. (2007). The effects of a direct in-
struction program on the fraction performance of mid-
dle school students at-risk for failure in mathematics. 
Journal of Instructional Psychology, 34, 84-94.

Flores, M. M., & Kaffar, B. J. (2018). Multiplication with re-
grouping: Standard algorithm. Lawrence, KS: University 
of Kansas Center for Research on Learning.

Flores, M., M., Schweck, K. B., & Hinton, V. M. (2014b). Teach-
ing multiplication with regrouping to students with 
specific learning disabilities. Learning Disabilities Re-
search & Practice, 29(4), 171-183. https://doi.org/10.1111/
ldrp.12043

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). Washington, 
DC: U.S. Department of Education, National Center for 
Education Evaluation and Regional Assistance, Institute 
of Education Sciences. Retrieved from http://ies.ed.gov/
ncee/wwc/publications/practiceguides/.



40     International Journal for Research in Learning Disabilities Vol. 4, No. 1

Flores, Ka!ar, and Hinton

Harris, C. A., Miller, S. P., & Mercer, C. D. (1995). Teaching 
initial multiplication skills to students with disabil-
ities in general education classrooms. Learning Dis-
abilities Research & Practice, 10(3), 180-195.

Kiuhara, S. A., & Witzel, B. S. (2014). Focus on inclusive 
education: Math literacy strategies for students with 
learning difficulties. Childhood Education, 90, 234-238. 
doi:10.1080/00094056.2014.912067

Kelly, B., Gersten, R., & Carnine, D. (1990). Student er-
ror patterns as a function of curriculum design: 
Teaching fractions to remedial high school students 
and high school students with learning disabilities. 
Journal of Learning Disabilities, 23, 23-29. https://doi.
org/10.1177/002221949002300108

Kroesbergen, E. H., van’t Noordende, J. E., & Kolkman, 
M. E. (2014). Training working memory in kinder-
garten children: Effects on working memory and 
early numeracy. Child Neuropsychology, 20, 23-37. 
doi:10.1080/09297049

Maccini, P., & Hughes, C. A. (2000). Effects of a prob-
lem-solving strategy on the introductory algebra per-
formance of secondary students with learning dis-
abilities. Learning Disabilities Research & Practice, 15, 
10-21. https://doi.org/10.1207/SLDRP1501_2

Maccini, P., & Ruhl, K. L. (2000).  Effects of graduated in-
structional sequence on the algebraic subtraction of 
integers by secondary students with learning disabil-
ities.  Education and Treatment of Children, 23, 465-489. 

Mancl, D. B., Miller, S. P., & Kennedy, M. (2012). Using the 
concrete-representational-abstract sequence with 
integrated strategy instruction to teach subtraction 
with regrouping to students with learning disabili-
ties. Learning Disabilities Research and Practice, 27(4), 
152-166. doi:10.1111/j.1540-5826.2012.00363.x

Marchand-Martella, N., Lingnugaris-Kraft, B., Pettigrew, 
T., & Leishman, R. (1995). Direct instruction supervi-
sion system. Logan UT: Utah State University.

Mercer, C. D., & Miller, S. P. (1992). Teaching students with 
learning problems in math to acquire, understand, 
and apply basic math facts. Remedial and Special Edu-
cation, 13(3), 19-35. doi:10.1177/074193259201300303

Miller, S. P., & Kaffar, B. J. (2011). Developing addition 
with regrouping competence among second grade 
students with mathematics difficulties. Investigations 
in Mathematics Learning, 4(1), 24-49. https://doi.org/1
0.1080/24727466.2011.11790308

Miller, S. P., & Mercer, C. D. (1993). Using data to learn 
about concrete-semiconcrete-abstract instruction for 
students with math disabilities. Learning Disabilities 
Research & Practice, 8(2), 89-96.

Morin, V. A., & Miller, S. P. (1998).  Teaching multiplication 
to middle school students with mental retardation. 
Treatment of Children, 21(1), 22-36.

Przychodzin, A., Marchand-Martella, N., Martella, R., & 
Azim, D. (2004). Direct Instruction mathematics pro-
grams: An overview and research summary. Journal of 
Direct Instruction, 4(1), 53-84. Retrieved from http://
www.adihome.org/articles/JDI_04_01_05.pdf

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

National Council of Teachers of Mathematics. (2000). 
Principles and standards for school mathematics. Reston, 
VA: Author.

Scarlato, M. C., & Burr, W. A. (2002). Teaching fractions 
to middle-school students. Journal of Direct Instruc-
tion, 2(1), 23-38. Retrieved from https://www.nifdi.
org/research/journal-of-di/volume-2-no-1-winter-
2002/434-teaching-fractions-to-middle-school-stu-
dents/file

Vaughn, S., & Fuchs, L. (2003). Redefining learning dis-
abilities as inadequate response to instruction. The 
promise and potential problems. Learning Disabil-
ities Research and Practice , 18, 137-146. https://doi.
org/10.1111/1540-5826.00070

Watkins, C. L., & Slocum, T. A. (2004).  The components of 
direct instruction. In N. E. Marchand-Martella, T. A. 
Slocum, & R. C. Martella (Eds.), Introduction to Direct 
Instruction (pp. 29-65). Boston, MA: Pearson.

Wilson C. L., & Sindelar, P. T. (1991). Direct instruction 
in math word problems: Students with learning dis-
abilities. Exceptional Children, 57, 512-519. https://doi.
org/10.1177/001440299105700605

Woodward, J., & Brown, C. (2006). Meeting the curricu-
lar needs of academically low-achieving students in 
middle grade mathematics. The Journal of Special Edu-
cation, 40(3), 151-159.

Witzel, B. S., Ferguson, C. J., & Mink, D. V. (2012). Number 
sense: Strategies for helping preschool through grade 
3 children develop math skills. Young Children, 67(3), 
89-94. Retrieved from http://www.naeyc.org/yc/pas-
tissues/2012/may

Witzel, B. S., Mercer, C. D., & Miller, M. D. (2003).  Teaching 
algebra to students with learning difficulties in an in-
clusive setting.  Learning Disabilities:  A Contemporary 
Journal, 3(2), 49-60. doi:10.1111/1540-5826.00068


