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TEACHING WORD PROBLEMS USING SBI

Teaching Students with Mild Intellectual Disability to Solve Word Problems Using
Schema-Based Instruction
Abstract

This study, designed using a multiple baseline across students, examines the effectiveness of a
modified schema-based instructional approach to improve the mathematical word-problem-
solving performance of three students with mild intellectual disability, two of them with autism
spectrum disorder. Following the intervention, the three students improved their performance
when solving addition and subtraction change word problems, in particular, their performance in
inconsistent change word problems. The effects of the instruction were generalized to two-step
addition and subtraction word problems for the three participants. Moreover, the results were
generalized to an untrained setting, and were maintained eight weeks after the instruction. The
implications of these findings for teaching problem-solving skills to students with intellectual

disability, in particular to those with autism spectrum disorder, are discussed.
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Teaching Students with Mild Intellectual Disability to Solve Word Problems Using
Schema-Based Instruction

In different countries, many students with intellectual disability learn mathematics in
general and/or special education classrooms. It is important to know methods for teaching this
subject that may help them to progress not only in terms of academics, but also in terms of using
mathematics outside the classroom, so that they can gain independence in their daily lives (Kasap
& Ergenekon, 2017). More information is needed on how they learn mathematics and how to
provide effective instruction that is adapted to their needs (Bowman et al., 2019; Desmarais et al.,
2019; Xin, 2019).

In previous decades it was thought that students with intellectual disability only learn
mathematical procedures and, to a lesser extent, gain an understanding of the concepts, which is
why the emphasis in their teaching-learning process has often focused on practicing mechanical
exercises (Baroody, 1999; Jitendra et al., 2002). This implies that they cannot advance in the
matter itself, as this requires a conceptual understanding. However, this belief seems to be
changing in recent years, at both the classroom and research level (Bowman et al., 2019).

Students with Mild Intellectual Disability (MID), meaning those with an IQ between 50-
75 according to the American Association on Intellectual and Developmental Disabilities (2011),
are also likely to experience slow academic growth, exhibit low performance in many academic
areas, have difficulties with problem solving and abstract reasoning, and experience deficits in
working memory (Hord & Bouck, 2012). Some studies have shown that students with MID can
achieve success in mathematics if they receive appropriate instruction (Bowman et al., 2019),
although there is still a lack of knowledge and attention to evidence-based mathematical practices

(Bouck et al., 2018).
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Arithmetic word problems constitute one of the main tasks in the teaching of
mathematics. Solving them requires creating a mental representation of the word problem
structure, selecting the appropriate arithmetic operation to find the unknown, executing the
selected operation, reactivating the mental representation by inserting the answer that was
calculated, and verifying if the answer is correct (De Corte et al., 1985).

Students with intellectual disability (ID) and/or autism spectrum disorder (ASD) have
difficulties following these steps and need adaptations that help them understand the information
given (for example, using a simple linguistic structure or familiar vocabulary) and visual aids
during the problem-solving process (Bruno et al., 2021; Jitendra et al., 2002; Polo-Blanco et al.,
2022).

Researchers have shown that students with ID and/or ASD improve their problem solving
when they follow an adapted instruction, such as the schema-based instruction methodology
(SBI) (Alghamdi et al., 2020: Desmarais et al., 2019; Gevarter et. al., 2016; Jitendra et al., 2002;
Kasap & Ergenekon, 2017; Rockwell et al., 2011; Xin & Jitendra, 1999). SBI is an instructional
approach that uses schematic diagrams associated with problem structures to provide a visual
representation that aids students and emphasizes conceptual understanding by creating links
between the problem elements and its solution (Desmarais et al., 2019; Xin & Jitendra, 1999).

Addition and subtraction problems exhibit different structures called combination, change
and comparison (Riley et al., 1983). Researchers have shown that addition and subtraction
problems differ in their level of difficulty depending on their structure and the location of the
unknown (Carpenter & Moser, 1984). This research focuses on change problems, which involve
an initial quantity that is either increased or decreased by an action, resulting in a different final
quantity. There are three types of change problems, depending on the location of the unknown

quantity: FAU (final amount unknown), CAU (change amount unknown), and AU (initial
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amount unknown). Each of these types can also be of type “get more” or “get less”, depending on
the action of the verb. For example, John has 13 marbles. He lost 7 marbles. How many marbles
does John have now? is a “get less” problem of type FAU. For typically-developing students, it
has been shown that the FAU problems are the easiest, followed by the CAU and the IAU
problems (Carpenter & Moser, 1984; Riley et al., 1983). Problems can also be classified as
consistent or inconsistent. Inconsistent problems are those in which the required arithmetic
operation is contrary to the statement’s relational term. For example, the following IAU problem:
Dan had some marbles. He found 9 more marbles. Now he has 15 marbles. How many marbles
did he have to start with? is a “get more” problem that requires a subtraction to find the solution,
so it is an inconsistent problem (Lewis & Mayer, 1987). There are three types of inconsistent
change problems, namely those of type: CAU “get more”, AU “get more” and IAU “get less”.

Inconsistent problems have been extensively analyzed in the research literature that focus
on linguistic factors that affect problem-solving performance for typically-developing students
(Daroczy et al., 2015; De Koning et al., 2017; Hegarty et al., 1995; Lean et al., 1990; Lewis &
Mayer, 1987; Pape, 2003). All these researchers have found that inconsistent word problems are
more difficult than consistent problems for typically-developing students. This conclusion has
been explained by the fact that many students base their solution plan on direct translation
strategies in which they associate keywords with arithmetic operations — i.e., the keywords less or
more with the arithmetic operation of subtraction or addition, respectively—, whereas successful
strategies are based on constructing a model of the situation described in the problem.

In the case of students with learning difficulties or low performance, the consistency
effect has been analyzed by a few researchers, who have also revealed that students experience
more difficulties with inconsistent word problems. These studies have connected reading

comprehension and word-problem solving development, and they have oriented instruction to
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improve students’ language skills (De Koning et al., 2017; Fuchs et al., 2009; Schumacher &
Fuchs, 2012; Van der Schoot et al., 2009). Recently, Fuchs et al. (2019) developed a model that
connects reading comprehension and schema-based word-problem solving via oral language
comprehension for students with comorbid difficulty in reading comprehension and mathematics.
This approach is being tested in contexts using Spanish-speaking learners of English.

The consistency effect has been scarcely analyzed for students with ID. Parmar et al.
(1996) compared arithmetic word problem performance in mild disability and general education
students in grades 3 through 8, finding an overall significant difference for the disability and
grade factors: students with disabilities performed at a considerably lower rate than did students
without disabilities. Moreover, students with disabilities did not increase their scores across the
grade levels at the same rate. Cawley et al. (2001) and Parmar et al. (1996) analyzed, in
particular, IAU “get more” and IAU “get less” word problems, concluding that cue words
misguide students with disabilities as, for example, they identify the word “left” with “subtract”
in problems like the following: 4 boy had 3 apples left after he gave 2 apples to a friend. How
many apples did the boy start with? (Parmar et al, 1996, p. 417).

In the case of students with ID and/or ASD, SBI has been shown effective for teaching
addition and subtraction problems. For example, Rockwell et al. (2011) studied the use of SBI to
teach the three types of addition and subtraction problems to a 10-year-old student with ASD.
Kasap and Ergenekon (2017) analyzed its effectiveness when teaching comparison problems to
three students with ASD ages 9, 11 and 14. Similarly, Desmarais et al. (2019) compared the
effectiveness of using SBI to solve change problems with different unknown locations, in three
groups of three students ages 7 and 8 with ID and ASD, who performed poorly in mathematics.
The use of SBI improved problem solving in the three groups, and indicated the need to continue

research in this direction, given the small sample sizes in the various studies. Jitendra and her
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collaborators have extensively tested the effectiveness of SBI in different levels and contexts. For
example, concerning additive problems, Jitendra et al. (2013) showed that third-grade students at
risk for mathematics difficulties (MD) outperformed students in a control group on a word
problem solving test, although no significant effects were observed in the maintenance session
eight weeks after the intervention.

Given the unique characteristics that are usually present in students with ASD, some
researchers have incorporated evidence-based practices for students with this disorder to
traditional SBI (Wong et al., 2015). Some authors resort to a modified schema-based instruction
(MSBI) approach that incorporates the use of visual supports, task analysis (as a heuristic in place
of a mnemonic) and systematic prompting to traditional SBI. For example, Root et al., (2016)
demonstrated that MSBI was effective in teaching change problems to three students with ASD
and moderate ID. Browder et al. (2018) used an MSBI approach that included pictorial task
analysis, graphic organizers, and systematic prompting with feedback to teach addition and
subtraction word problems to eight students with moderate ID. Along similar lines, Cox and Root
(2020) demonstrated the efficiency of the MSBI approach to teach mathematical problem-solving
flexibility and communication to two middle school students with ASD.

In an effort to supplement the existing evidence, in this paper we analyze how a MSBI
approach helps improve the ability of students with MID to solve addition and subtraction change
problems, focusing our attention on inconsistent problems. Specifically, we consider the
following research questions: (1) Is the MSBI approach effective in teaching addition and
subtraction change problems to students with MID? (2) In particular, is the MSBI approach
effective when teaching inconsistent change problems? (3) Will improvement in problem-solving
performance generalize to two-step problems? (4) Will improvement in problem-solving

performance be maintained over time?
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Method
Participants and Setting

Three male students with MID, two of them diagnosed with ASD, participated in the
study. The inclusion criteria for the study were: (1) be diagnosed with MID, 1Q between 50-55
and 70 (AAIDD, 2011), (2) exhibit difficulties solving addition and subtraction word problems of
all types (change, combine and compare), as identified by their tutors, (3) obtain a minimum
score of 50 in the Test of Early Mathematics Ability (TEMA-3, Ginsburg & Baroody, 2007) to
ensure the pre-requisite knowledge of numerical addition and subtraction facts; and (4) obtain a
score of at most 50% on an initial test with the three types of addition and subtraction change
problems (varying the unknown), designed in this study. The Test of Early Mathematics Ability
TEMA-3 is a validated test with a Cronbach’s alpha of 0.92.

The three students were enrolled in the same special education center. Student A was a
14-year-old Caucasian male. He was diagnosed with autism in a social security unit by a child
psychiatrist. The results of the Childhood Autism Rating Scale (Schopler et al., 1988) placed him
in the range of mild to moderate autism. He had an IQ of 55 (WISC-1V). Since the age of 13, he
had been in a combined education (special and general) program, attending the special education
school where the study took place 3 days a week. At the start of the study, he obtained a score of
71 (mathematical age over 10 years) on the TEMA-3 mathematical proficiency test (Ginsburg &
Baroody, 2007), scoring 100% in number facts, number skills and number comparison, 88% in
calculation skills and 71% in concepts. He scored 50% in the initial assessment with change
problems.

Student B, a 13-year-old Caucasian male, was diagnosed with ASD by a child
psychiatrist, and had an IQ of 54 (WISC-V). The results of the Childhood Autism Rating Scale

(Schopler et al., 1988) placed him in the range of severe autism. He had been enrolled full time in
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a special education school since the age of 11. He obtained a score of 56 on the TEMA-3 test
(mathematical age of 7 years and 8 months), scoring 96% in number skills, 78% in number facts,
71% in concepts and 50% in number comparison and calculation skills. He scored 33% on the
change problem test.

Student C, a 17-year-old Caucasian male, was identified as having an intellectual
disability (IQ = 58, WISC-1V). He had been enrolled in a special education school full time since
the age of 12. He scored 50 on the TEMA-3 test (equivalent mathematical age of 7 years), with
96% in number skills, 60% in concepts, 50% in number comparison and calculation skills and
44% in number facts. He scored 10% on the change problems initial assessment.

Dependent and Independent Variables

The dependent variable reflects the students’ success rate in solving addition and
subtraction change word problems. Performance is measured through two indicators: explicitly
identifying the arithmetic operation needed to solve the problem (identify if the numbers given in
the problem have to be added or subtracted) and providing the correct numerical answer to the
problem (correctly execute the arithmetic operation needed to obtain the numerical solution).

The independent variable is the problem-solving intervention delivered using a modified
schema-based instruction (MSBI) approach (Browder et al., 2018; Cox & Root, 2020). This
intervention is detailed in the procedure section.

Design and Data Collection

A multiple baseline design across students was employed to assess the effectiveness of the
modified schema-based instruction on the performance of addition and subtraction change
problems. The phases of the experiment included: baseline, instruction on each type of change
problem sequentially introduced (first FAU, second CAU, third IAU), generalization (to an

untrained setting and to two-step problems) and maintenance (eight weeks after instruction). In
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order to show evidence of the dependence between instruction and student performance, and in
keeping with the multiple baseline design, the intervention was introduced to different
participants at different points in time. Each student was introduced to the intervention after a
stable baseline. A baseline was considered stable when there was no more than a one-point
difference between the scores of the last two baseline probes.

Probes and Scoring

Two types of probes were conducted in the different phases of the experiment: one-step
problem-solving probes and two-step problem-solving probes. One-step problem-solving probes
were administered during the baseline, instruction, generalization to untrained settings and
maintenance phases. These problem-solving probes consisted of six one-step change problems of
the “get more” and “get less” varieties, which included the three change types (FAU, CAU, IAU).
During the instruction phase, all the probes contained six change problems of the type being
taught until that moment. Two-step problem solving probes consisted of change problems with a
final, unknown amount. In order to include every possible combination of “get more” and “get
less”, these probes consisted of eight problems. Two of these probes were administered: the first
one during the baseline phase, and the second one during the generalization phase.

All the problems were randomly ordered in each probe. The number sets considered in the
problems contained addends with no result higher than 15, and they did not contain repeated
addends (4+4=8) or sums equal to 10 (6+4=10) in order to avoid easy numerical combinations
(Carpenter & Moser, 1984).

Considering the phases in the problem solving processes that involve in (1) understanding
the vocabulary or the real situation to which the problem refers and select the appropriate
arithmetic operation required for finding the unknown, and (2) execute and interpret the selected

operation (De Corte et al., 1985), the scoring for the one-step problem probes was as follows:
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each problem was worth a total of 2 points: 1 point for correctly identifying the arithmetic
operation needed to solve the problem, and 1 point for providing the correct numerical answer to
the problem. In the two-step problems, each problem was worth a maximum of 3 points: 1 point
for correctly identifying each of the operations and 1 point for the correct result.

Procedures

Baseline. During baseline, the instructor provided the student with a sheet with the
problems to be solved. He told the student to solve it as well as possible and encouraged him to
ask questions about the meaning of the words in the problem he did not understand. No other
feedback was provided.

Instructional procedures. Two teachers with more than eight years of experience
teaching students with disability provided the instruction. Student A and student C were taught
by the same instructor. Both instructors knew the students and provided them with extracurricular
support. None of the instructors were the students’ regular teachers. Before the experiment, the
researchers explained the phases of the study to the instructors to ensure that the correct
instruction process was followed. They were taught how to use the schemas using the self-
instruction list, and how to structure the instructional sessions through a model, lead and test
format (explained in detail below). One of the authors had weekly meetings with both instructors.
During these meetings, the most important aspects of the previous session were discussed, and
the instructors were provided with a script containing the teaching instructions for the following
session. These scripts contained flexible instructions to adapt the instruction to the difficulties of
the students (e.g.: “if the student does not identify the larger amount in the problem, use the
manipulatives to model the situation”). The sessions were held early in the morning during

school hours in a room without distractions. One session per week was held for each student.
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The MSBI approach was adapted from Cox and Root (2020) and Browder et al. (2018)
and included: (1) explicit instructions on using a task analysis (a self-instruction sheet that
incorporated visual representations for each step), (2) use of schematic diagrams and
manipulatives, and (3) use of systematic prompting and feedback. The self-instruction sheet that
accompanied the stories and, later, the problems (see Figure 1), was designed following similar

studies (Root et al., 2016) and incorporated pictograms! to provide visual support.

STEPS TEACHER’S INSTRUCTIONS

1. READ AND
UNDERLINE

“Read the problem and underline
the verb. Is it a “get more” or a “get
less” problem?”

“Circle the largest amount. If it is a
get less problem, the initial amount

2. CIRCLE THE
LARGEST

is the largest one, if it is a get more
problem, the final amount is the
largest one.”

“Fill in the schema with the
3. FILLIN THE SCHEMA amounts given in the problem, or

leave it empty for the unknown.”

4. FIND THE
OPERATION +

“Find the operation to solve the
problem.”

LU “Solve the operation to find the
5. SOLVE unknown of the problem and write
the complete solution”

“Check if the solution is correct.
6. CHECK THE

() Read the problem again. Does it
SOLUTION @ make sense?”

Figure 1. Self-instruction list for solving one-step change problems.
The instruction was carried out over two phases: phase I, the problem-schema instruction;
and phase II, the problem-solving instruction (Xin, 2008). In phase I, change story situations

were presented to students. No unknown information needed to be obtained; the students just had
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to place the numbers given in the problem into the correct place in the change schematic diagram.
In phase II, change problems were presented to the students for them to solve.

As in similar MSBI studies (Cox & Root, 2020), the sessions followed a model, lead and
test format. First, the instructor modeled how to follow the steps of the self-instruction sheet in
order to fill in the schema for the given story or problem. After that, the instructor led the student
in guided practice solving other change story situations (phase I) or problems (phase II). For each
of them, the worksheet containing the story or the problem and the schematic diagram (see Figure

2) was provided to the student, together with the self-instruction sheet (see Figure 1).

Something happens

In the beginning At the end

15 8

Largest amount

Figure 2. Change story diagram.

Finally, the instructor tested the student’s ability to flexibly solve the stories (phase I) and
problems (phase II) through independent practice. During this part, no feedback was provided to
the students except for expressions of encouragement.

Phase I. Problem-schema instruction: change story situations. The students were instructed on
the use of schematic diagrams for change story situations without an unknown (Figure 1). During
this phase, the instructor showed the student how to follow steps 1, 2 and 3 of the self-instruction
sheet (see Figure 1) in order to fill in the schema with the values provided in the story. In this
way, the student first underlined the action (step 1). Next, the instructor asked the student to

circle the largest amount (step 2). As in similar studies (Jitendra et al., 1999), the identification of
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the largest amount in the story was emphasized, noting the information provided by the action of
the verb. Thus, in the story situation: Pedro had 15 candies, he ate 7 and now he has 8, since the
verb implies “get less”, they were asked: “when did he have more, at the beginning or at the
end?” and then a circle was drawn around the larger quantity (Figure 2). Finally, the student
placed the three numbers in the corresponding boxes of the schematic diagram (step 3). If the
student showed difficulties understanding the story, the instructor used manipulatives to represent
the situation. As in previous MSBI studies (Cox & Root, 2020), during this guiding phase, the
instructor immediately provided error correction through modeling.

At the end of each session in change story situations, and after solving six stories guided
by the instructor, the student independently solved another six stories, placing the numbers and
circle in the corresponding places in the schematic diagram. Once the students mastered the use
of schematic diagrams for stories (100% correct), phase 11 was commenced.

Phase II. Problem-solving instruction: change problems. Instruction on using schematic
diagrams to solve each type of word problem in terms of the location of the unknown (FAU,
CAU, IAU) was provided separately to each student, based on preliminary difficulty studies
(Riley et al., 1983). As in phase I, the instructor first provided each student a demonstration and
model for a change problem. In this case, the instructor followed the six steps of the self-
instructional sheet in Figure 1 to show how to solve the problem. After that, the student was
guided to solve a maximum of eight problems. These problems were solved by constantly
interacting with the student, encouraging him to follow the six steps and explaining the meaning
of the words he did not understand or correcting his mistakes. As in the previous phase, the
situation in the problem was modeled using manipulatives when the student showed problems
understanding it. At the end of each instructional session, the students solved a probe with six

change problems, independently, without interacting with the instructor. If the student scored
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over 75% on the probe, the next problem type was introduced in the following instruction
session. Details on the instruction on each problem type are provided below.

(1) Instruction on FAU problems: These sessions included instructional problems of type
“get more” and “get less” with unknown the final amount. During the session, after reading each
problem, the student placed the two numbers in the schematic diagram and wrote the question
mark in the unknown position. Then, as was done in the instructional sessions on stories, he was
asked to circle the larger amount (the teacher asked: “when is there more, at the beginning or at
the end?”’) using the information given by the action of the verb. In this type of direct problem,
which is more familiar to students, and in keeping with instructions from similar studies (Jitendra
et al., 1999), emphasis was placed on the procedure to identify the operation in order to ingrain it
for subsequent problem types. Thus, after placing the two numbers of the problem in the diagram
and circling the larger amount, they were told: “if the question mark is in the circle, the two
numbers have to be added; if there is a number in the circle, the two numbers have to be
subtracted”. The instructor interacted with the student during this process to verify the student’s
understanding of the steps.

After completing the instruction in each session, the student solved a probe with six FAU-
type problems, three “get more” and three “get less”.

(2) Instruction on CAU problems: The instruction sessions included FAU review
problems and CAU (“get more” and “get less”) problems. In these sessions, inconsistent
problems (CAU “get more”), in which the operation is contrary to the action of the verb,
appeared for the first time. To practice these problems, the instructor emphasized numbered steps
1 (Read and underline), 2 (Circle the largest), 4 (Find the operation) and 6 (Check the solution)
(see Figure 1), in order to help them overcome the difficulties inherent to inconsistent problems.

For example, in “Peter had 6 pencils, he bought some more and now he has 9. How many pencils
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did he buy?” the student underlined the verb, and, since it was a “get more” verb, circled the final
amount (9). The instructor indicated: the largest amount is circled. Since it is a number, the two
numbers have to be subtracted to find the unknown: 9-6 = 3. Once the result was obtained, the
student checked the solution (step 6) by incorporating it into the problem and seeing if the
resulting story made sense.

In the CAU problems sessions, the probe consisted of one FAU problem and five CAU
problems.

(3) Instruction on IAU problems: In the IAU instruction sessions, the following problems
were practiced: FAU and CAU review problems, and “get less” and “get more” problems, the
latter inconsistent. As in the CAU instruction, after circling the initial amount, the student was
told: if the unknown is circled (example: I have some candies, I lose 3, and I end up with 12, how
many did I have to start with?), since this is a get less problem, the initial amount, which is the
unknown, is circled. Since there is no number in the circle, addition is required to find the
solution: 3+12 = 15.

At the end of these sessions, the student independently completed a probe that consisted
of one “get less” FAU problem, one “get more” CAU problem, and four AU problems (two “get
more”, two “get less”). Once the student passed the probes for the IAU sessions with a score of
75%, an instruction session with all the problem types was included (see the last session of the
intervention phase in Figure 3 for all three students). In this session, the schematic diagrams were
deleted from the sheet. The evaluation probes for this session included six problems without
schematic diagrams: two FAU, two CAU and two TAU (one “get more” and one “get less”).

Generalization and maintenance. After the instruction, the generalization to an
untrained setting and to two-step problems was assessed. To evaluate the generalization to an

untrained setting, once the instruction was completed, the students solved a probe with six one-
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step problems (two FAU, two CAU and two IAU, one “get more” and one “get less” of each
type) in their usual classroom, accompanied by other students and their teacher, who was not the
same teacher who had provided the instruction. In another additional session, the generalization
to two-step problems was assessed by means of a probe similar to the one conducted in the
second baseline session, which contained eight FAU problems, with every “get more” and “get
less” variant. Finally, in order to check if the acquired knowledge was maintained over time, the
students completed a probe with six, one-step change problems, eight weeks after the instruction.
Reliability

All the sessions were videotaped. Interobserver reliability data were collected during the
baseline, instruction generalization and maintenance phases. A graduate student in education,
who did not know the hypotheses of the study, recoded 30% of the students’ performance in the
evaluation probes. Interobserver agreement was calculated during each phase by dividing the
number of agreements by the number of agreements plus disagreements and multiplying by 100.
Interobserver reliability was 100% during baseline, 92% during instruction, 98% in the
generalization probes, and 100% during maintenance. The mean interobserver reliability
agreement for each student across all phases was 98% for Student A, 93% for Student B and
100% for Student C. Procedural reliability measured the instructor’s performance regarding the
planned behaviors, which were: the instructor (1) provides the agreed number of problems, with
the agreed amounts; (2) provides the agreed material for the session; (3) lets the students solve
problems independently; (4) follows the self-instruction sheet; (5) emphasizes the key aspects of
each problem type; and (6) congratulates and/or encourages the student once the problem is
solved. Procedural agreement was calculated by dividing the number of observed teacher

behaviors by the number of planned behaviors and multiplying by 100 for 33% of the
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instructional sessions. The procedural reliability was 94% for Student A, 94% for Student B and
100% for Student C.
Social Validity

As already noted, during the instruction, one of the authors conducted weekly interviews
with the instructors to better coordinate and track the instructional process. During these
interviews, aspects related to the use of schematic diagrams, the students’ acceptance of the
methodology, difficulties with specific problems, the students’ behavior, the motivation they
exhibited and potential ways to adapt the instruction to each student were discussed. In addition,
the instructors kept a written record of relevant issues for each session.

At the end of the study, the instructors answered an open response questionnaire to assess
aspects involving: (1) the effectiveness of the MSBI methodology; (2) the students’ acceptance
and motivation; (3) the incorporation of the methodology into their teaching practice; and (4)
suggestions for improvement.

Results

The results indicate that all three participants improved their performance solving one-
step addition and subtraction change word problems after following a schema-based instruction.
The data collected are shown in Figures 3 and 4. In Figure 3, the horizontal axis depicts the
sessions and the vertical axis depicts the participants’ percentage of correct answers during the
baseline, intervention, generalization and maintenance sessions. Figure 4 shows the students’
performance in the group of inconsistent change word problems solved during the phases.

A visual analysis of the data presented in Figure 3 shows predictable baseline patterns for
every student, with high variability between them in terms of their problem-solving skills. While
in the baseline sessions student A achieved a stable success rate of between 60% and 70%,

students B and C obtained results below 50%. Students B and C were introduced to intervention
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after a stable baseline (no more than a one-point difference between the last two consecutive
baseline sessions), and once the previous student had shown improvement in his performance.
This occurred after 7 baseline sessions for student B and after 9 baseline sessions for student C.
As Figure 4 shows, in the inconsistent problems, all three students had percentages below 50%
during the baseline. In the baseline session corresponding to two-step problems, all the students
obtained percentages below 50% (0% in the case of student C) (Figure 3).

During the intervention phase, after the first intervention session, devoted to learning
change stories, the three students obtained a 100% success rate (Figure 3). This performance was
maintained in the following intervention session, in which all the proposed problems were of the
FAU type (therefore, all consistent). These results allowed us to immediately introduce CAU
problems in the third intervention session. This stage of the instruction led to a significant
decrease in the performance of the three students, particularly of students B and C. This decrease
coincides with the initial introduction of inconsistent problems in the intervention sessions.
However, we note that all the students attained a 100% success rate in just one additional
intervention session. When the IAU problems, all of them inconsistent, were introduced in the
fifth intervention session, only student B showed a significant decrease in performance, but
managed to obtain a score in excess of 80% in the following two sessions, as did students A and
C (100% in the case of student A).

To calculate the effect size, we used the percentage of non-overlapping data PND
proposed by Scruggs et al. (1987). The PND index was determined by dividing the number of
data points in the intervention phase that exceeded the highest data point in the baseline phase by
the total number of data points in the intervention phase, and multiplying it by 100. The PND
indexes between the baseline and intervention phases were: 100% for student A (very effective),

66.7% for student B (moderately effective) and 83.3% for student C (effective).
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Figure 3. Percentage of the correct score during the baseline, intervention, generalization, and
maintenance sessions. Note. FAU = final amount unknown; CAU = change amount unknown;

TIAU = initial amount unknown.



TEACHING WORD PROBLEMS USING SBI 22

During the generalization phase, in the first generalization session, which involved
solving the problems in an untrained setting, students A and C obtained 100% success and
student B exceeded 80%.

In the second generalization session, devoted to solving two-step problems, two of the
students achieved 100% success. The performance of the third student was also noteworthy
(96%). Finally, in the maintenance session, held eight weeks after the last intervention session,

all three students attained 100% scores in inconsistent problems.

Figure 4. Percentage of correct score in consistent and inconsistent problems.

Integrating the information from all phases of the study revealed proof of the effects of
the instruction at different points in time. Data show that there were important positive
differences in the correct response percentages between the baseline sessions and the two first
intervention sessions. After the introduction of CAU problems, the results initially worsened,
followed by a significant improvement in the next intervention session. Even though each student
had different prior knowledge, all three of them achieved percentages above 80% in the two last
intervention sessions, in which they solved every type of addition change problem. The
generalization results can be considered successful, since two of the students achieved a 100%

success rate in both of the two variations introduced. Finally, the results of the maintenance phase
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show 100% success for the three students.

Focusing on the inconsistent change word problems (Figure 4), while in the baseline
phase the three students had low success percentages with these problems (33%, 33% and 8%),
their performance improved in the intervention phase (94%, 54% and 81 %), reaching 100%
success in the generalization and maintenance phases.
Social Validity

The two instructors positively assessed the effectiveness of the MSBI methodology,
noting the improvement observed in student performance. The two thought the methodology was
suitable for use in a classroom with students with intellectual disability, and highlighted how
helpful the schematic diagrams proved in helping them build a mental representation of the
problem, arrange the numbers in the problem and understand the story. The instructor of student
B stressed that, due to that student’s problems concentrating, the use of simple schematic
diagrams and of clear and brief instructions had been very beneficial. In addition, he mentioned
having observed an improvement in his attitude as the instruction progressed and he began to
understand the problems. The instructor of students A and C also noted the behavioral aspects,
commenting that they were coming to the sessions very happy. They even opted for the
instruction over other school activities that they liked and that took place at the same time.
During the sessions, they seemed focused on the task and interested in doing it well. Finally, the
students were clearly satisfied that they had been able to find the right answer by themselves. The
instructor stated that he would use this methodology with students with similar characteristics,
being careful to adapt certain aspects as needed for each student.

Discussion
The study findings showed that the schema-based approach was effective in teaching

individuals with MID to solve addition and subtraction change word problems (in particular,
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inconsistent problems), in generalizing to two-step change problems, and in helping them retain
their skills eight weeks after the instruction was completed. Although the results were positive for
the three students, the specific traits of each were evidenced in their very different characteristics
during the learning process, which were addressed at different times during the instructional
process.

Student A only exhibited difficulties understanding the wording of inconsistent CAU
problems, which led him to choose the wrong operation; he did not exhibit any problems
arranging the numbers in the schema, or performing the arithmetic operation. Consequently, he
did not use the concrete material and only needed to rely on the self-instruction sheet (see Figure
1), especially when inconsistent problems were introduced. Even then, it was enough for the
instructor to show that the operation is not determined by the action of the verb, and to point out
to him which place in the schematic diagram contained the largest amount, to help him overcome
that difficulty.

Student B did not, in general, exhibit many difficulties understanding the problems. After
reading the text of the problems, he often said or wrote the correct numerical solution without
explicitly showing his calculation strategy; subsequently, he erroneously selected the arithmetic
operation needed to solve the problem. This way of working is indicative of a student who can
gain a good understanding of the problem but who ignores the arithmetic operation, and who
therefore relies on calculation strategies based on counting. These strategies are not effective for
large numbers and, in any case, are not helpful in furthering the search for the operation (Xin,
2019). To help him overcome these difficulties, he was asked to choose the operation (addition or
subtraction) explicitly before providing the numerical solution to the problem, to carry out the
selected operation and to check the answer by re-reading the problem. Carrying out these three

steps on the self-instruction sheet helped the student overcome his difficulties.
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Student C exhibited numerous difficulties understanding the problem in virtually every
problem type, but in those cases where he could identify the operation, he was able to execute it
correctly. He therefore exhibited an adequate procedural knowledge of arithmetic operations, but
an inability to recognize when they are required in real situations. The challenge for this student
was to help him gain an adequate understanding of the situation in the problem. In this case, and
given that the student was very disciplined in following instructions, the instructor used the self-
instruction sheet to solve the problems step by step and accompanied it with concrete material to
model the situation.

The results obtained in this study complement those of previous research on the
effectiveness of the SBI methodology for teaching problem-solving skills to students with
learning difficulties. For example, in the study by Rockwell, Griffin and Jones (2011), all types
of addition and subtraction problems were used in an individual with ASD, who was instructed
on problems with the unknown in the final position. This was also the case in the study by Kasap
and Ergenekon (2017), which delved into addition and subtraction comparison problems. The
performance on change problems was specifically analyzed in the work by Desmarais et al.
(2019), but they focused mainly on observing how the calculation strategies used by students to
obtain a numerical solution to the problems evolved. Other studies have complemented SBI
instruction with other instructional methods. For example, Jitendra et al. (2013) employed a
small-group SBI tutoring intervention with third-grade students at risk for MD, demonstrating
that this method conducted by trained tutors helped improve student performance. Other
modified SBI approaches have been followed by Cox and Root (2020) and Browder et al. (2018).
These authors have demonstrated that modified SBI — including pictorial task analysis, graphic
organizers, systematic prompting with feedback, and the use of concrete and virtual

manipulatives — may help to improve the performance of students with disabilities and autism.



TEACHING WORD PROBLEMS USING SBI 26

While these approaches provide effective methods, more evidence-based mathematical practices
for students with mild intellectual disability are needed in order to delve into how SBI instruction
may be adapted to specific student characteristics. Our work adds to the findings of these studies
that use the MSBI approach. Our main contribution lies in our detailed analysis of addition and
subtraction change problems, which shows the specific instructional aspects that helped to
overcome the difficulties encountered by every student, especially in the case of inconsistent
problems. The gradual incorporation of these problems, and the follow-up of the steps that guided
the instruction, allowed the students to improve their understanding of the situations and
operations involved, despite their initial differences.
Implications for Practice

The majority of the change problems that are presented to students (with and without
intellectual disability) are consistent (Parmar et al., 1996; Vicente et al., 2018). This has the result
of promoting the use of direct-translation strategies, which consists of solving the problem by
counting based on some keyword in the problem. These strategies circumvent the student’s need
to create a mental representation of the word problem structure and to have good reading
comprehension (Boonen et al., 2016), causing them to make mistakes when solving inconsistent
problems. The results of this work show that, through proper instruction, the participating MID
students were able to improve their performance when solving change word problems, in
particular, inconsistent problems.

As we have seen, the study relied on making simple adaptations for each student in
relation to the instruction provided. Based on a common approach, each participant required
different reinforcements and adaptations of the instruction in order to develop the desired

problem-solving skills. It is essential that teachers present a sufficient variety of problems, know
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these teaching methods and make careful plans that are tailored to the specific needs of each
student (Polo-Blanco & Gonzalez, 2021; Polo-Blanco et al., 2019; 2021).
Limitations and Future Research

One of the limitations of this study is that a single case study is considered in the research,
meaning the results cannot be generalized to other individuals with intellectual disability.
Moreover, although the study evaluated the generalization of the effects of the instruction to the
solving of two-step problems, the generalization to other types of addition and subtraction
problems, such as comparison problems, could also be evaluated.

Some researchers who use an MSBI approach (Spooner et al., 2017) propose including a
component that involves generalizing problem-solving skills to real-life activities. Although the
acquisition of academic skills is important, in the case of students with intellectual disability
and/or autism, it is essential to work on generalizing these skills to functional situations and
everyday life (Bouck et al., 2018). It is therefore necessary to consider how to meaningfully
transfer the academic skills gained to non-school contexts, and to conduct studies to evaluate this
transfer of skills. These aspects were not assessed in the present study.

As concerns inconsistent problems, although this study provides evidence of improved
performance in solving this problem type, it only evaluates difficulties with addition and
subtraction problems. Future research should thus replicate the results obtained so as to evaluate
the effectiveness of the schema-based methodology when solving these types of problems with

other arithmetic operations.
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