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Regular Article

The difficulty students experience with mathematical word 
problems has long been recognized, both in research and in 
practice (Hudson & Miller, 2005; Jitendra & Xin, 1997). 
Students with or at risk for learning disabilities (LD) find 
word problems to be particularly daunting, as these types of 
problems require not only reading and computation profi-
ciency but also problem representation and solution planning 
(Xin, Jitendra, & Deatline-Buchman, 2005). These skills rep-
resent consistent areas of deficit for students with LD 
(Montague & Applegate, 1993), especially when word prob-
lems are linguistically complex (Fuchs & Fuchs, 2002). Yet 
problem solving is a critical skill, as evidenced by its promi-
nence on national and international assessments (e.g., National 
Assessment of Educational Progress [NAEP], Program for 
International Student Assessment [PISA]), evaluations of 
workplace competency (e.g., Workforce Readiness Report), 
and college preparatory coursework (Common Core State 
Standards [CCSS] Initiative, 2014). Research on math prob-
lem solving has increased over the past 20 years in response to 
these changes and the policy reports that have urged greater 
emphasis on problem-solving skills (Bottge & Cho, 2013).

In the field of special education, research has identified 
strategy instruction as a powerful means of developing pro-
ficiency in complex skills such as problem solving (Griffin 
& Jitendra, 2009; Montague, Krawec, Enders, & Dietz, 
2013; Pressley & Hilden, 2006; Swanson, Hoskyn, & Lee, 
1999). In this approach, students learn how to apply strate-
gic tools during a task (e.g., note-taking, summarizing, 
paraphrasing, estimating) and monitor their thinking during 
task execution using meta-cognitive processes such as self-
questioning, self-checking, and self-correcting. Although 
the specific cognitive components and structure differ 
across interventions, there is general consensus about the 
cognitive strategies important for students with LD who 
struggle in math problem solving, including paraphrasing 
for problem comprehension (Swanson, Moran, Bocian, 
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Lussier, & Zheng, 2013), visualizing relationships among 
problem parts (Jitendra, Griffin, Deatline-Buchman, & 
Sczesniak, 2007; Krawec, 2014; van Garderen, 2006), and 
creating a viable solution plan (Fuchs & Fuchs, 2007). 
Yet although there is a strong body of research on middle 
and high school grades (e.g., Jitendra et al., 2009; Jitendra 
et al., 2014; Montague et al., 2013) as well as in Grades 1 
through 3 (e.g., Bryant, Bryant, Williams, Kim, & Shin, 
2013; Jitendra et al., 2007; Owen & Fuchs, 2002), there is 
much less research at the pivotal fifth and sixth grades, 
when students must bridge arithmetic to algebra, that 
domain of math long recognized as the gatekeeper to post-
secondary academic trajectories (Paul, 2005). Problem-
solving strategies provide a means to solving algebraic 
problems and thus aiding students in developing algebraic 
proficiency.

The purpose, then, of the present study was to determine 
the effectiveness of specific modifications for fifth and 
sixth graders to an intervention shown to be effective in 
improving the problem-solving performance of students 
with LD in Grades 7 through 12. In 1986, the efficacy of the 
original intervention was first established with high school 
students with LD; participants improved both their prob-
lem-solving performance as well as their meta-cognitive 
knowledge of effective strategy use (Montague & Bos, 
1986). A follow-up study tested the same intervention with 
middle school students with LD (Montague, 1992). Using a 
single-subject design, the author found that although the 
intervention was successful in improving the problem-solv-
ing performance of seventh and eighth grade students, sixth 
grade students never achieved mastery on the problem-
solving measures utilized despite additional treatment ses-
sions. Montague suggested that because “the sixth grade 
students remained noticeably deficient in their knowledge, 
use, and control of problem representation strategies, an 
adaptation of strategy instruction that … focuses on concept 
development, use of manipulatives during practice sessions, 
and a progression from simple to complex problems may be 
more appropriate” (p. 240). Subsequent research using 
increasingly rigorous designs, including quasi-experimen-
tal and randomized controlled trials, validated Montague’s 
(1992) findings on the effectiveness of the intervention for 
seventh and eighth graders with LD and found that it also 
improved the performance of both AA and LA math stu-
dents without LD (Montague, Enders, & Dietz, 2009, 2011; 
Montague et  al., 2013). Practical effects of studies were 
consistently large (d = .674 to .979). However, in the 22 
years since Montague’s (1992) initial findings and despite 
the positive impact of the intervention on older students, no 
research has investigated the modifications necessary to 
improve the problem-solving performance of younger stu-
dents (i.e., those in fifth and sixth grades).

There are two reasons why this particular study is impor-
tant. First, as described earlier, prominent researchers in the 

field of special education who have focused their efforts on 
problem solving have tended to target either Grades 2 and 3 
(e.g., Bryant et al., 2013; Fuchs & Fuchs, 2007; Griffin & 
Jitendra, 2009; Jitendra et al., 2007; Powell & Fuchs, 2010) 
or middle grades (e.g., Jitendra et al., 2009; Montague et al., 
2013). Second, results of the 2013 NAEP showed that 
almost half of fourth graders with disabilities performed at 
the below basic level compared to 14% of their nondisabled 
peers; in eighth grade, the percentage of students with dis-
abilities performing below basic rose to 65% compared to 
21% of eighth graders without disabilities. Though students 
with disabilities in fourth grade are performing significantly 
more poorly than their nondisabled peers, that achievement 
gap further widens by eighth grade. As math problem solv-
ing is a critical skill to determine mathematical proficiency, 
it is imperative that interventions in math focus on problem 
solving and target students between fourth and eighth grade 
with the intention of reducing (and, ultimately, eliminating) 
that achievement gap. The modified problem-solving inter-
vention in the present study was designed to do just that. 
The following section begins with a definition of problem 
solving, followed by a detailed description of the cognitive 
and meta-cognitive components of Montague’s (2003) orig-
inal problem-solving intervention and its instructional char-
acteristics. The modifications made to address the specific 
needs of students in fifth and sixth grades are then 
provided.

Problem Solving

Because the focus of this intervention is on computational 
problem solving, it is necessary to first provide a definition 
of the term. According to the Organization for Economic 
Cooperation and Development (OECD, 2013), problem 
solving “involves a set of critical control processes that 
guide an individual to effectively recognize, formulate and 
solve problems. This skill is characterized as selecting or 
devising a plan or strategy to use mathematics to solve 
problems arising from a task or content, as well as guiding 
its implementation” (p. 31). Though this definition is some-
what circular (defining problem solving as solving prob-
lems), it does highlight how it is done. The present 
intervention explicitly teaches these “critical control pro-
cesses” to which OECD refers. For this intervention, prob-
lem solving consists of single- and multistep problems 
using the four operations with whole numbers and decimals. 
Open-ended problems were not included.

It is important to note that problem solving is often char-
acterized as “engaging in a task for which the solution 
method is not known in advance” (National Council of 
Teachers of Mathematics [NCTM], 2000, p. 52). This state-
ment implies that to label a task as problem solving, one 
must first consider the individual attempting the problem. 
Problems that are straightforward and procedural to a 
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proficient problem solver may, for a struggling student, meet 
NCTM’s definition of problem solving as a task with an 
unknown solution method (Sharpe, Fults, & Krawec, 2014).

The Problem-Solving Intervention

The intervention implemented in this study aligns with the 
problem-solving model used by OECD (2013) for PISA. It 
identifies four phases: (1) exploring and understanding, (2) 
representing and formulating, (3) planning and executing, 
and (4) monitoring and reflecting. Figure 1 shows the rela-
tionships among the phases with the seven cognitive strate-
gies of the problem-solving intervention embedded within 
Phases 1 through 3. Phase 4 represents the meta-cognitive 
component, which supersedes the other phases, monitoring 
their accuracy. Phase 4 reflects the meta-cognitive compo-
nents of the intervention that are embedded within each 
cognitive strategy.

Cognitive processes.  As depicted in Figure 1, the interven-
tion is comprised of cognitive processes that are integral to 
the development and application of strategic knowledge of 
mathematics and essential to successful math problem solv-
ing. The ultimate goal of the program is to have students 
internalize the cognitive processes so that they become 
automatic during problem solving. Because struggling stu-
dents lack the knowledge and/or the utilization of key strat-
egies (Krawec, Huang, Montague, Kressler, & Alba, 2013; 
Montague & Applegate, 1993), this intervention makes 
their application explicit for students. Keeping in mind that 
problem solving is a recursive activity (i.e., meta-cognitive 
cues may direct the student to start again, revisit a previous 
step, or jump ahead to a later one), the intervention teaches 
students the following:

1.	 Read the problem by reading, rereading, and identi-
fying relevant/irrelevant information.

2.	 Paraphrase the problem by putting it into their own 
words while maintaining its meaning.

3.	 Visualize the problem by forming a schematic rep-
resentation of critical problem parts.

4.	 Hypothesize a problem solution, determining the 
operation(s) and number of steps.

5.	 Estimate the answer as a way to confirm the solution 
plan and the outcome.

6.	 Compute the answer by using the correct algorith-
mic procedures.

7.	 Check the accuracy of the solution process and 
product.

Meta-cognitive strategies.  Whereas cognitive processes 
are proactive in nature, meta-cognitive strategies require 
reflectivity and reactivity. Problem solvers reflect on what 
they are doing and react to what they have done. These 
meta-cognitive (i.e., self-regulation) strategies emphasize 
self-awareness of cognitive knowledge, deployment of 
cognitive processes and strategies during problem solv-
ing, and control of processes and strategies for purposes 
of regulating, evaluating, and monitoring performance 
(Berardi-Coletta, Dominowski, Buyer, & Rellinger, 1995). 
Problem solvers use self-regulation strategies to tell them-
selves what to do, ask themselves questions, recall what 
they know, detect and correct errors, and monitor perfor-
mance. As such, in Figure 1, the meta-cognitive processes 
(i.e., say, ask, and check) are reflected in the monitoring 
and reflecting phase and activated throughout the problem-
solving process.

Instructional characteristics.  In addition to the instruc-
tional content of the intervention, there are key instructional 
characteristics aligned with best practices for students with 
LD. The methodology for teaching students the inter-
vention routine is explicit instruction, which is based on 
developmental theories and incorporates scientifically 
demonstrated instructional principles and procedures (for a 
review, see Fuchs, Fuchs, Schumacher, & Seethaler, 2013; 
Grouws, 1992; Montague, 2003). Explicit instruction uti-
lizes validated teaching strategies such as cueing, modeling, 
rehearsal, and feedback and is characterized by structured 
and organized lessons, scaffolded supports, guided and 
distributed practice, immediate and corrective feedback on 
learner performance, positive reinforcement, overlearning, 
and mastery (Montague, Warger, & Morgan, 2000).

Modifications for Grades 5 and 6

Several features of the intervention were targeted based on 
previous research, current understanding of the develop-
mental characteristics of fifth and sixth grade students, and 
a pilot study, resulting in the following five areas targeted 
for modifications: (1) explicitness of instruction, (2) empha-
sis on meta-cognition, (3) focus on problem-solving prereq-
uisites, (4) duration of the initial intervention lessons, and 

Figure 1.  A Problem-Solving Model Based on the PISA 
Framework (OECD, 2013) and Montague’s (2003) Problem-
Solving Processes.
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(5) the use of visual supports. We increased the explicitness 
of instruction for fifth and sixth grade students by expand-
ing the original 1-day lesson on the comprehensive prob-
lem-solving routine into three separate lessons: modeling 
the routine, paraphrasing, and visualizing. Each lesson built 
on the previous one, modeling the interactive and recursive 
nature of the strategies during problem solving. The role of 
meta-cognition in the intervention was also expanded. As 
internalization of meta-cognitive skills is typically estab-
lished between the ages of 11 and 14 (Kass & Maddux, 

2006), for students in fifth and sixth grades, additional sup-
port was necessary to scaffold the development of meta-
cognition and then gradually shift to its independent and 
flexible use. Students were given additional meta-cognitive 
prompts in a logical sequence within each cognitive strat-
egy (e.g., instead of the self-instructive prompt to “make a 
drawing or a diagram,” students first asked themselves, 
“What am I looking for? Am I looking for the total?” before 
continuing with prompts to make a drawing). Figure 2 dis-
plays the modified cue cards.

Figure 2.  The Modified Cue Cards for Grades 5 and 6. From Solve It! Teaching Mathematical Problem Solving in Inclusive Classrooms–
Grades 5-6 (p. 30), by J. Krawec and C. Warger, 2015, Reston, VA: Exceptional Innovations, Inc. Copyright 2015 by Exceptional 
Innovations, Inc. Reprinted with permission.
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The pilot study also identified deficits in fifth and sixth 
grade students with LD related to the prerequisite skill of 
concepts of operations. As such, an additional lesson was 
developed to precede the initial intervention. Prior to any 
specific problem-solving instruction, students received one 
lesson on the conceptual basis of each of the four opera-
tions, with subsequent lessons revisiting these concepts to 
reinforce learning (i.e., reinforcing the definitions by incor-
porating them into think alouds, directing students to the 
operation decision tree, etc.). Finally, several visual cues 
were added to the intervention to support students’ para-
phrasing, visualizing, and planning. An online appendix 
includes the Concepts of Operations lesson as well as the 
visual cues used.

In summary, we extended the initial instructional ses-
sions from 3 to 6 days, expanded the focus on paraphrasing 
and visualizing strategies, increased the explicitness of the 
meta-cognitive components, taught and then reinforced 
concepts of the four arithmetic operations, and added visual 
supports to aid students’ use of the intervention compo-
nents. (The script for the weekly practice sessions, which 
followed initial instructional sessions, was not altered.) 
Table 1 provides an overview of the specific changes to the 
intervention. As with the original intervention, the practice 
sessions were conducted weekly for the 6 months following 
initial instructional sessions.

The following research questions guided the study:

1.	 What are the effects of the modified problem-solv-
ing intervention on students’ problem-solving prog-
ress over time, as measured by the curriculum-based 
measures (CBMs)?

2.	 Do these effects differ by ability (AA, LA with and 
without LD)?

3.	 Do teachers perceive the intervention as being 
socially valid?

Method

Participants

Initially, four schools with kindergarten through eighth grade 
(K8) were selected to participate in this research study. Each 
school was matched to another on variables of school perfor-
mance (as measured by the school grade assigned by the 
state), socioeconomic status (SES; as measured by percentage 
of school population receiving free/reduced lunch), and ethnic 
diversity. One school from each matched pair was randomly 
assigned to the intervention condition. However, prior to the 
start of the study, one school decided to withdraw from par-
ticipation. It was replaced with one elementary and one mid-
dle school, which were similar in terms of student SES, school 
performance grade, and ethnic diversity. Thus, five schools 
(three K8 schools, one elementary school, one middle school) 
participated in the study. Because the withdrawal of the origi-
nal K8 school occurred after the summer professional devel-
opment for intervention teachers, the replacement elementary 
and middle schools had to be assigned to the comparison con-
dition; thus, random assignment was part of the intended 
design but not upheld.

Two teachers participated at each K8 school (one fifth 
grade and one sixth grade teacher), along with a fifth grade 
teacher at the elementary school and a sixth grade teacher at 
the middle school; in total, eight teachers participated. 
Teachers within participating schools were selected by the 
school principal based on the following criteria: the teacher 
must be “high quality” as determined by the nominating 
administrator, certified in mathematics education (i.e., having 

Table 1.  Modifications to the Original Intervention.

Component Original intervention: 7th–12th grades Modified intervention: Fifth and sixth grades

Initial instructional sessionsa 1: Introduction (50 min)
2: Modeling the routine (50 min)
3: Application (50 min)

1: Concepts of operations (50 min)
2: Introductionb (50 min)
3: Modeling the routine (50 min)
4: Paraphrasing (50 min)
5: Visualizing (50 min)
6: Application (50 min)

Visual cues Student cue cards
Class charts

Student cue cards
Class charts
Operations decision tree
Paraphrasing frameworkc

Visualizing frameworkc

Meta-cognitive prompts “Say,” “ask,” “check” for each cognitive strategy More explicit prompts (i.e., multiple “say” and/or 
“ask” prompts within each cognitive strategy)

aInitial instructional sessions do not include the 50-min weekly practice sessions that follow. The weekly practice session script was not modified 
from the original intervention and is included as is in both interventions. bThe concepts of operations lesson is included in an online appendix. cThe 
paraphrasing and visualizing frameworks are included in an online appendix.
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passed the state subject area math exam for teaching Grades 5 
through 9), teaching at least one class period that included LA 
students and students with LD, and for the intervention teach-
ers, able to attend the one and one-half day professional devel-
opment workshop on the intervention. Two fifth and two sixth 
grade teachers participated in the intervention condition (n = 
4) and two fifth and two sixth grade teachers participated in 
the comparison condition (n = 4).

A research assistant presented the study to students from 
each participating class and handed out student assent forms 
and parent consent forms. All students in the participating 
inclusive classrooms were eligible to participate in the larger 
project; for the present study, only students with LD (district-
identified with LD and below grade-level score of 1 or 2 of 
possible 5 on the state math assessment the previous year), LA 
students (no disability and below grade-level score of 1 or 2 on 
the state math assessment the previous year), and AA students 
(no disability and on grade-level score of 3 on the state math 
assessment the previous year) were included in the analyses. 
Across all schools, 386 students participated in the overall 
project, but 79 were removed for the following reasons: dis-
ability status other than LD (n = 25), high-achieving/gifted (n 
= 31), and insufficient demographic information (n = 23). 
Demographic data for the 307 participating students are pre-
sented in Table 2.

Measures

Five CBMs of math problem solving were developed by the 
research team and calibrated using Item Response Theory 

methods to achieve equivalent difficulty level. Each CBM 
was created by combining two 5-item blocks from a pool of 
nine blocks composed of 45 discrete word problems in all. 
Each five-item block contained approximately one 1-step 
problem, three 2-step problems, and one 3-step problem 
(for a more thorough description, see Montague, Penfield, 
Enders, & Huang, 2010). The internal consistency of the 
measures ranged from .82 to .84. Each of the five measures 
consisted of 10 one-, two-, and three-step textbook-type 
math problems, which used all four operations and included 
whole numbers and decimals.

The social validity scale is a researcher-developed 4-point 
Likert-style questionnaire with 17 items that were developed 
following Carter’s (2010) guidelines. Teachers responded to 
statements such as “The target problem-solving skills 
emphasized in this intervention are important” and “My 
ability to teach math problem solving increased as a result of 
this intervention.” Intervention teachers completed the ques-
tionnaire during the final month of the school year. In addi-
tion to the questionnaire, they were provided space to expand 
on any of the 17 questions or to add comments.

Procedures

The modified intervention includes seven scripted lessons 
(the six initial instructional sessions: concepts of operations, 
intervention introduction, modeling the routine, paraphras-
ing, visualizing, and application; and the script for the 
weekly practice sessions), class charts of the cognitive/meta-
cognitive routine and the operations decision tree, and stu-
dent cue cards. All intervention materials including class 
sets of practice problems were provided for the school year. 
The scripted lessons were intended to cover a 50-min class 
period and incorporated explicit instructional procedures for 
helping students acquire, apply, maintain, and generalize 
problem-solving processes, strategies, and skills (see 
Montague, 2003). The six initial lessons in the intervention 
were implemented over 6 consecutive school days in mid-
October, followed by weekly practice sessions using word 
problems aligned with the district pacing guide. The focus of 
the weekly practice sessions varied depending on student 
need. Early in the year, students worked through only one or 
two word problems, with substantial time dedicated to ele-
ments of the routine (e.g., paraphrasing, visualizing) and dis-
cussion of alternative solution paths. Over the course of the 
year, teachers were able to include four or five problems in a 
session as students became more proficient in their problem 
solving. Likewise, student groupings changed over time. 
Teachers had students work in small groups early in the year 
but transitioned over time to pairs and eventually indepen-
dent work. Except for holidays, conflicts with other school 
activities, and testing, practice sessions occurred each week 
for the duration of the intervention; teachers taught between 
12 and 16 practice sessions. All instructional sessions, 

Table 2.  Demographic Information of Participating Students.

Intervention (n = 191) Comparison (n = 116)

Variable n (%) n (%)

Grade
  Fifth 55 (29) 68 (59)
  Sixth 136 (71) 48 (41)
Ability level
  AA 69 (36) 60 (52)
  LA 105 (55) 42 (36)
  LD 17 (9) 14 (12)
Gender
  Male 100 (52) 53 (46)
  Female 91 (48) 63 (54)
Ethnicity
  Hispanic 147 (77) 93 (80)
  Black 10 (5) 6 (5)
  White 34 (18) 17 (15)
Free/reduced lunch
  Yes 111 (58) 90 (78)
  No 80 (42) 26 (22)

Note. AA = average achieving; LA = low achieving; LD = learning 
disabilities.
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including the six initial sessions and the subsequent weekly 
practice sessions, were observed for treatment fidelity. 
Students in the comparison group received typical class-
room instruction in math problem solving. Research assis-
tants also observed in comparison classrooms to determine 
the specific nature of instruction as well as to identify any 
overlap with the intervention condition. CBMs were admin-
istered to each teacher’s participating math class periods five 
times: prior to intervention, 1 month following, and then 
every other month for the remainder of the school year.

Intervention Fidelity

Intervention classrooms.  Observation checklists for the 
initial 6-day intervention plus the subsequent practice ses-
sions were developed based on the content, components, and 
procedures associated with the intervention and thus include 
criteria for both teacher adherence to the lesson content (e.g., 
provides the definition for paraphrasing) and teacher compe-
tence of implementation related to the critical teaching tech-
niques (e.g., provides immediate and corrective feedback). 
Each checklist contained between 13 and 16 items that were 
scored as either “yes” or “no.” That is, the behavior was either 
demonstrated or was not. Intervention teachers were given 
verbal feedback following the observation and expected to 
use that feedback to improve subsequent instruction. Level 
of treatment fidelity and interrater agreement were averaged 
across the observations for the intervention group and were 
calculated by dividing number of agreements by agreements 
plus disagreements multiplied by 100. For the intervention 
group observations, fidelity averaged 92.0% (interrater agree-
ment = 94.0%).

Comparison classrooms.  In order to determine whether 
any of the critical intervention components were also pres-
ent in comparison classroom instruction, detailed observa-
tions were conducted four different times over the course 
of the year to determine comparison teacher instructional 
practices across the school year. Qualitative analyses of the 
observations revealed that most incorporated at least one of 
the intervention strategies into instruction, with paraphras-
ing (underlining and restating), rereading, and planning the 
most frequently utilized instructional content, and perfor-
mance feedback, practice with peers, and active student par-
ticipation the most frequently used instructional approach. 
Only one comparison teacher consistently emphasized the 
superficial and ineffective keyword strategy as a primary 
teaching tool.

Analyses

Statistical analyses were conducted using the Mplus 7.3 
(Muthen & Muthen, 2014; Muthen & Muthen, 2012) and 
the SPSS 17.0 software packages. Only five schools, with 

two classrooms in K8 schools and one each in the elemen-
tary and middle school, participated in this study; little 
school-level variance could be modeled, so we dropped it 
from the model. We also excluded from subsequent analysis 
those students who had missing data on the student-level 
predictors measured (e.g., gender, race, free/reduced lunch, 
etc.) The data were consistent with a two-level growth 
curve model in which repeated measures (Level 1) were 
nested with students (Level 2). A Level 2 dummy variable 
that represented participation in the study (1 = intervention 
school and 0 = comparison school) was added as the predic-
tor. Our primary interest was to investigate whether the two 
conditions differentially improved during the school year. 
Furthermore, the interaction terms were added to examine 
whether the ability group (LA, AA, and LD) moderated the 
impact of the intervention effect. Internal consistency of the 
CBMs ranged from .82 to .84. The equated CBM scores 
were used in this study (Montague et al., 2010).

Mplus allows for estimation of models with missing data 
using maximum likelihood estimation under missing com-
pletely at random and missing at random assumption. The 
goodness of fit of the estimated models was evaluated with 
five indicators, χ-square test, comparative fit index (CFI), 
Tucker Lewis Index (TLI), root mean square error of 
approximation (RMSEA), and standardized root-mean 
square residual (SRMR). These statistical indices were used 
to compare model fit between different models. Good fit 
values were considered greater than .95 for CFI and TLI 
and less than .08 for RMSEA and SRMR (Browne & 
Cudeck, 1993; Hu & Bentler, 1999).

Results

The purpose of this study was to examine whether the inter-
vention improved the mathematical problem solving of fifth 
and sixth grade students of varying ability. Two-level piece-
wise growth model analyses were used to accommodate the 
nested data structure and determine the effects of the inter-
vention on students’ performance on problem solving. The fit 
indices were used to access the overall latent growth model 
fit, including χ-square test, SRMR, RMSEA, CFI, ad TLI.

The following model-building process was conducted. 
First, unconditional models were estimated in order to identify 
sources of the score variation and two sources were identified, 
within- and between-student variability. Then both within-stu-
dent and between-student variability were examined to evalu-
ate between-student variability in growth trajectories. Finally, 
analyses focused on the fit of linear, quadratic, and piecewise 
models of growth and the comparison of these competing 
models (see Table 3). Initial examination of time-specific 
CBM means suggested that a linear latent growth model might 
not be appropriate as mean values increased until the fourth 
time point and then showed a downturn after this point, as seen 
in Figure 3. Student scores in both comparison and 
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intervention groups dropped on the last CBM, which was 
administered in the final week of the academic school year. 
The results of the fit indices for three growth models (i.e., 
latent, quadratic, and piecewise) prompted us to pursue nonlin-
ear growth models with slopes at the student level, which fit 
the data significantly better than the other two models.

Piecewise trajectory modeling is applied to capture the 
nonlinear function through the use of two or more linear 
piecewise splines by dividing a time series into two mean-
ingful phases to capture key features of change in each 
phase. Because the study’s four estimated time points were 
not equally spaced prior to the transition, we set the value of 
our first time point at 1 and then set values for the subse-
quent time points in relation to their relative distance to the 
first time point. After the transition, the slope for the fourth 
time point was fixed at 0 and the fifth point at 1.

We estimated a two-level growth model with the repeated 
measures over time being the first level and students the 
second level to evaluate whether the comparison and inter-
vention groups differentially improved in math problem 
solving over the course of the school year. We used the vari-
able Timeti  to create two predictor variables TimeOneti  
and TimeTwoti , which enabled us to capture individual 
growth rate in two phases. The two-level growth model 
expresses the outcome variable as a function of temporal 
predictor variable that captures the passage of time after 

controlling for student-level covariates. The first model is 
expressed as follows:
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where CBMti  is the outcome score for student i at time t and 
Timeti  is the value of the temporal predictor for student i at 
time t. The parameters π0i, π1i, and π2i are growth parameters. 
π0i is the intercept, π1i is the expected change in the outcome 
variable for an increment in the Time variable before the tran-
sition, π2i is the expected change in the outcome variable for 
an increment in the Time variable after the transition, and eti  
is a residual. The growth parameters contained in the within-
student model are treated as outcomes in a between-student 
model. The covariates included two dummy codes represent-
ing three-category ability variables (LA vs. AA, LD vs. AA), 
a dummy code representing free or reduced lunch, a gender 
dummy code, two dummy codes representing a three-cate-
gory ethnicity variable (African American vs. White, 
Hispanic vs. White), state math assessment achievement 
scores, and state reading assessment achievement scores 
(state assessment scores were standardized to have a mean of 
0 and standard deviation of 1). These variables were grand 
mean centered in order to control for student-level differ-
ences in the covariates (Ender & Tofighi, 2007).

In the first phase, the intervention group improved at a 
significantly higher rate than the comparison group (see 
Table 4). The effect size comparing intervention and com-
parison groups using Cohen’s (1988) d was .43. In the sec-
ond phase, there was no significant difference in rate of 
growth between comparison and intervention groups. In the 
second model, the interaction term was introduced in order 
to investigate whether ability group (AA, LA, and LD) mod-
erated the impact of the intervention effect. The moderating 

Table 3.  Comparison of Three Growth Models.

Model type χ2 p RMSEA CFI TLI SRMR

Linear growth 109.447 <.001 .078 .892 .844 .028
Quadratic growth 150.228 <.001 .131 .810 .564 .022
Piecewise growth 42.703 .03 .044 .976 .952 .024

Note. RMSEA = root mean square error of approximation; CFI = 
comparative fit index; TLI = Tucker Lewis Index; SRMR = standardized 
root-mean square residual.

Figure 3.  Data-Implied Growth Trajectories of Treatment 
and Comparison Groups Across the Five Curriculum-based 
Measures (CBMs).
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influence of ability group on the intervention was evaluated 
after investigating the intervention effect. The results showed 
the interactions between experimental condition and ability 
group were not significant, indicating that ability group had 
no significant impact on the intervention effect. In other 
words, AA students did not respond differently to the inter-
vention than LA students or those with LD.

Social Validity

Teachers rated the social validity of the intervention using 
the social validity questionnaire, which addressed their per-
ception of the value of the intervention in terms of feasibil-
ity, usability, and its potential to be incorporated into the 
larger curricular structure. Responses across teachers were 
very consistent. Overall, teachers found the intervention to 
be effective for their students and a useful addition to their 
math instruction. All recognized that the intervention tar-
geted critical problem-solving skills and complemented the 
existing curriculum. All four intervention teachers strongly 
agreed that the professional development prior to the school 
year helped them implement the intervention with fidelity. 
Of particular value to these participating teachers were the 
processes of paraphrasing and visualizing; they reported 
that students responded well to the visualizing instruction 
and that the intervention improved students’ problem repre-
sentation abilities. Further, 100% of the teachers found the 
intervention easy to implement in their classrooms, and 

three of four said they would recommend the intervention to 
other teachers of students with LD. However, teacher 
responses did vary on the degree to which the intervention 
fit their existing math schedules. Not surprisingly, the two 
teachers on block scheduling (i.e., students receive math 
instruction every other day for longer periods) found it eas-
ier to implement than teachers on traditional scheduling 
who saw students every day for shorter periods. Interestingly, 
only one of the teachers agreed that the intervention had 
improved her own ability to teach problem solving. Because 
we had no measure of teachers’ initial instructional style or 
problem-solving approach, we could not corroborate this 
perception.

Discussion

Overall, significant findings indicated the effectiveness of the 
modifications to the problem-solving intervention to improve 
the performance of students of varying ability. However, find-
ings of the present study do not fully replicate previous research 
on this intervention (e.g., Montague et al., 2013); specifically, 
the performance of the comparison group in the present study 
showed growth over time that was similar to that of the inter-
vention group. Similar to previous studies, though, no signifi-
cant Growth × Ability interactions were detected, indicating 
that the intervention was equally effective across LA and AA 
students and those with LD. The focus of the discussion will 
center on the following two findings: the significant 

Table 4.  Two-Level Parameter Estimates Controlling for Student-Level Covariates.

Parameter Est. SE p 95% LCL 95% UCL

Slope 1
Condition .084 .033 .012 .029 .138
LA vs. AA .102 .097 .293 −.058 .262
LD vs. AA .046 .108 .672 −.132 .223
Free/reduced lunch −.059 .014 .000 −.082 −.036
Gender .098 .020 .000 .066 .131
African American vs. White −.001 .154 .993 −.255 .252
Hispanic vs. White .032 .058 .578 −.063 .127
FCAT reading −.002 .001 .044 −.003 .000
FCAT math −.003 .003 .240 −.008 .001

Slope 2
Condition −.090 .144 .531 −.327 .146
LA vs. AA −.274 .235 .244 −.660 .113
LD vs. AA −.060 .331 .857 −.603 .484
Free/reduced lunch −.058 .177 .745 −.349 .234
Gender .044 .173 .801 −.240 .327
African American vs. White .039 .161 .809 −.225 .303
Hispanic vs. White .182 .115 .112 −.006 .371
FCAT reading −.002 .009 .801 −.016 .012
FCAT math −.003 .012 .778 −.023 .017

Note. Est. = estimate; SE = standard error; LCL = lower control limit; UCL = upper control limit; LA = low achieving; AA = average achieving; LD = 
learning disabilities; FCAT = Florida Comprehensive Assessment Test. 
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improvement of the intervention group over the course of the 
year and growth over time of the comparison group.

Improved Problem-Solving Performance

Despite growth over time in both experimental conditions, 
it must be noted that the intervention group, whose perfor-
mance at the outset was below that of the comparison group, 
improved significantly (d = .43) through the first phase of 
the results (i.e., CBMs 1 through 4). Although the number 
of students with LD participating in the study was too low 
to conduct reliable statistical analyses, mean performance 
growth showed that students with LD in the intervention 
group performed 20% better than students in the compari-
son group on the final CBM. Despite this difference, stu-
dents with LD in the intervention group still did not, on 
average, meet mastery criterion (set at 70%). That is, the 
intervention improved their problem-solving performance 
but not enough to reach a level of mastery widely accepted 
as proficient.

These results, particularly that students with LD 
responded to intervention but did not meet mastery levels, 
are not uncommon in special education research imple-
mented by teachers themselves; some well-established 
interventions have demonstrated significant student growth 
but low overall accuracy (e.g., 45%) (Jitendra, Dupuis, 
Star, & Rodriguez, 2014; Owen & Fuchs, 2002). Thus, an 
important first step is identifying interventions that improve 
performance over that of the comparison group; the second 
and equally important step, then, is to raise that perfor-
mance to grade-level proficiency. Further research is 
needed on the present intervention, focusing specifically 
on students with LD, to determine the specific components 
of the modified intervention that contribute to student 
growth as well as whether increasing the intensity of 
instruction for students with LD will result in problem-
solving proficiency.

Comparison Group Growth

Previous studies that implemented the original problem-
solving intervention with middle and high school students 
showed relatively flat growth in the comparison group over 
time (Montague et al., 2013). Though we anticipated a simi-
lar trend in the present study, an explanation for comparison 
group growth may be provided through analyses of com-
parison classroom observation measures over time. As 
noted previously, comparison classrooms were observed to 
determine the type of problem-solving instruction deliv-
ered. Results showed that various effective problem-solving 
strategies were being taught in some classrooms. Previous 
research that utilized treatment fidelity checks in compari-
son classes noted only a 2.8% fidelity to the treatment 
across comparison teachers (Montague et  al., 2009); 

however, in the present study, at least one aspect of the 
instructional content as well as the instructional approach 
were utilized by three of the four comparison teachers. 
Although a percentage-of-overlap value would be helpful to 
determine the degree of impact, the treatment fidelity 
checklists for the practice sessions did not sufficiently 
reflect specific components of the intervention (e.g., 
prompting use of cognitive strategies of paraphrasing, mod-
eling the solution plan, etc.). Although we cannot assign a 
discrete value to the percentage of overlap, comparison stu-
dent performance may have increased over time due to 
some instructional features (identified in the detailed obser-
vations of practice in the comparison group) that were 
shared between the two experimental conditions. The 
underlying cause of this substantial increase of intervention 
components in comparison classrooms across years may be 
related to the changing curricular demands in math educa-
tion; that is, the 6-year span between implementation of the 
two studies represents a great deal of change in the national 
approach to the teaching of mathematics. Development of 
the CCSS was initiated in 2009, with adoption by states 
beginning in 2011 (CCSS Initiative, 2014). The emphasis of 
the CCSS on problem solving (e.g., the prominence of 
problem-solving skills and processes throughout the eight 
standards for mathematical practice) and the current ubiq-
uity of the CCSS in the curriculum may now be making an 
impact on general teaching practice.

Recent special education research in other academic 
domains, including fractions and reading comprehension, 
has shown a similar change in the comparison group profile 
(Lemons, Fuchs, Gilbert, & Fuchs, 2014). The authors iden-
tified a dramatic decrease in the effectiveness of their inter-
vention across five randomized controlled trials spanning 9 
years and determined that performance of students after 
intervention was maintained or improved across the years, 
whereas the trend across the comparison groups dramati-
cally increased in the most recent years. They cautioned that 
these “data highlight the importance of considering time 
and place and the possibility of a changing counterfactual 
when interpreting experimental and quasi-experimental 
research, thereby leading to more nuanced understandings 
of education science” (p. 244).

Limitations

Several limitations of the study are apparent. First, due to 
one school’s last-minute decision not to participate, we 
were unable to randomly assign schools to conditions. 
Although math ability across conditions was equal, student 
performance on the first problem-solving CBM was not, 
with the intervention group scores significantly lower than 
those of the comparison. Second, critical characteristics of 
the problem-solving intervention were present in the com-
parison condition. Although this finding is actually positive 
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in its implications for quality instruction in typical class-
rooms, it complicated analyses and made clear conclusions 
difficult. In the first phase, the intervention group showed 
significant growth over that of the comparison group, but 
we cannot confidently attribute that growth to the problem-
solving intervention due to the shared elements across con-
ditions. The final limitation of the study is that we 
administered the fifth CBM during the final week of the 
school year. Although students showed a relatively steady 
increase over the course of the year, performance on the 
final CBM was noticeably poorer. In fact, teachers in both 
conditions warned us of a potential fall-off in student per-
formance, citing a lack of student academic engagement 
and focus due to the end of the school year (which was rid-
dled with assemblies, field trips, and fun class activities). 
Future research should position the final assessment no 
later than 1 month prior to the close of the school year.

Instructional Implications

From a policy standpoint, it is exciting to see that research-
validated teaching strategies and techniques are finding 
their way into typical classroom instruction and that student 
performance is responding. Yet the results of the present 
study indicate that these changes are not comprehensive 
enough, as significant growth over time in the intervention 
group demonstrates the effectiveness of the intervention 
and its modifications to improve students’ problem solving 
over and above that which occurs in typical classroom 
instruction. However, that many of the students with LD did 
not meet mastery indicates that further research is neces-
sary. A component analysis that identifies the instructional 
modifications that improve practice will help to clarify 
ways in which instruction can be made more intensive for 
students not responding to the intervention as designed. As 
this intervention was implemented in a whole class setting 
with content integrated into the general curriculum and pac-
ing guide, it reflects the structure of a Tier 1 intervention in 
a response to intervention (RTI) model of instruction. In the 
same way that RTI provides nonresponders in the first tier 
with intensified quality, research-based instruction, this 
intervention may best serve the needs of all students (but 
particularly those with LD) if it also offers more intensive 
small group intervention that focuses on the modified ele-
ments most critical to improved performance.

Conclusion

Conducting school-based research is a major endeavor not 
only for researchers but also for administrators and teach-
ers. The purpose of the present study was to conduct a rela-
tively small-scale study in general education math classes 
in five schools to investigate the efficacy of an intervention 
that had been validated with students with LD. Although the 

results were generally positive, several limitations were 
noted that should be addressed in future studies. The inter-
vention improved students’ math problem solving and the 
growth of students with LD was particularly encouraging 
following intervention, but many of these students still did 
not meet mastery. Thus, although the modifications to the 
intervention were effective in improving the performance 
over that of the comparison group, more intensive interven-
tion may be necessary to increase performance of students 
with LD to mastery level (i.e., 70%).

Although this study cannot identify the intervention as a 
research-validated package that teachers can immediately 
implement, it does provide insight into the strengths of the 
modifications made and it highlights areas that must be fur-
ther differentiated from typical classroom instruction in 
order to bring about the necessary improvement in perfor-
mance. This intervention provides a solid argument for 
whole class instruction, with the understanding that future 
research should examine more intensive instruction using 
smaller groups of students who do not sufficiently respond 
to the general intervention. The goal remains to improve 
fifth and sixth grade students’ math problem solving in order 
to perform better overall in mathematics, which should have 
a positive impact on their grades, success in school, gradua-
tion rate, and ultimately on their postsecondary outcomes.
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