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W
ord problems are 
an essential com-
ponent of provid-
ing a context for 

computation but are also rec-
ognized as an enduring struggle 
for students (Loveless et al. 2008; 
OECD 2015). Students are chal-
lenged to solve these story-based 
problems, often resorting to trial 
and error or to the practice of 
selecting the operation that rep-
resents “what we have been doing 
all week.” Even when students are 
given a problem that does not 
make sense—such as the infa-
mous “If there are 25 sheep and 
5 dogs in a flock, how old is the 
shepherd?” problem—students 
calculate a solution using noth-
ing more than the numbers in the 
problem coupled with the knowl-
edge of the operation used in the 
most recent lessons (Caldwell, 
Kobett, and Karp 2014). In a won-
derful video by Robert Kaplinsky 
(2013) on how his eighth-grade 
students tried to solve a version 
of this problem, one student even 
articulates that she decided to 
divide on the basis of the lack of 
such words as sum, product, or 
difference in the problem. PA
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Another student, in describing the solution 
process, said, “First you find all the numbers 
in the problem. Then you look for an impor-
tant word, like ‘in all.’ Then you use the chart 
to know what to do. Like, ‘in all’ just tells you 
that it is the whole bunch of stuff. Put together. 
That’s why it says, ‘in all!’”

Some keywords are clearly mathemati-
cal in nature, such as product and sum, but 
others (e.g., those just mentioned as well as 
of, left, and altogether) are not specific math-
ematical terminology. Students are taught 
that if they see these words to respond with 
a particular operation, yet that message 
cannot be generalized and is confusing. For 
example, research by Prediger (2011) found 
that when students were questioned about 
their approach to selecting an operation for 
a fraction word problem and given an oppor-
tunity to select multiple words indicating the 
operations, 56 percent revealed that when 
they see the word of in the problem, that is 
a signal to multiply. Interestingly, 51 percent 
suggested the word of also means to divide, 
and 33 percent indicated it can mean subtrac-
tion. Schoenfeld (1982) found that students 
exhibited a wrong-operation error when they 
subtracted when a word problem included a 
scenario about Mr. Left! 

To some degree, the initial use of a key-
words strategy is reinforced by basic story 
problems that are essentially computation 
wrapped in words. These formulaic and 
straightforward problems turn up in textbooks 
and consequentially appear to be success-
fully solved with keywords (Sulentic-Dowell, 
Beal, and Capraro 2006). This issue is further 
compounded because in primary grades stu-
dents are often working within only simple, 
one-step word problems, which are much 
easier to form in ways in which keywords 
strategies can appear successful. For many 
years, researchers and mathematics educa-
tors have alerted practitioners in elementary 
schools and teacher educators in mathematics 
methods courses to avoid using the keywords 
strategy (e.g., Clement and Bernhard 2005; 
Hegarty, Mayer, and Monk 1995; Heng and 
Sudarshan 2013; Karp, Bush, and Dougherty 
2014; Sowder 1988). Here are five limitations 
that explain the reasoning behind avoiding 
this strategy (adapted from Van de Walle, Karp, 
and Bay-Williams 2019):

An emphasis on seeking out keywords is 
frequently taught to students as an important 
or reliable approach to solving word problems. 
But this approach is a mistake. Let’s be clear: 
We are not talking about a strategy of looking 
for essential information to make sense of the 
situation but instead a strategy where students 
seek keywords with a direct connection to a par-
ticular operation. For example, some might say 
(or some commercially available posters might 
encourage) that when you see the words or 
phrases all together, in all, or more, you should 
add; and the words left, remain, or fewer indicate 
the need to subtract. The problem is that these 
are not unfailingly true rules (see fig. 1). 

When students were asked to explain their 
thinking, one student said, “When you see ‘in 
all,’ it makes it an easier problem ’cause you 
know it has to be addition. It can’t be anything 
else.” Consideration of the context and the 
relationship among the quantities expressed 
in the problem was ignored and thus caused a 
misinterpretation. 
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 1 Teaching students to find keywords as a problem-solving 

strategy is a mistake because these are not unfailingly true 
rules, as this student work demonstrates. 

(a)

Marik has 3 packages of crayons. There are 11 crayons in each 
package. How many crayons does he have in all?

(b)

Marik has 3 packages of crayons. There are 11 crayons in each 
package. How many crayons does he have in all?

(c)

Ms. Adan bought 3 boxes of crayons with 8 crayons in each box. 
Mr. Logan bought 4 boxes of crayons with 6 crayons in each box. 
Who has more crayons? How many more crayons? 



lem states in all, which gives students an 
immediate clue to add the numbers (Drake 
and Barlow 2007/2008):

There are seven cartons of books in the 
classroom. Each carton holds twelve 
books. How many books are there in all?

3. Many problems do not include keywords, 
and when students are faced with a prob-
lem without keywords, they are lost. They 
have no effective strategy. Students cannot 
discern how to enter the problem. For 
example, consider the problem below:

Forty-five children ride to school.  
If eighteen take the bus, how many  
come by car?

4. Keywords cannot be used with multistep 
problems, which begin when two-step 
problems are introduced (in second grade 
in CCSSI 2010). When problems have two 
or more steps and students rely only on 
keywords, they cannot infer which opera-
tion to perform first from simply identify-
ing keywords. This approach often results 
in students completing steps that do not 
make sense within the context. 

1. A keywords strategy does not necessitate 
any attempt to make sense of the actual 
problem presented, which negates the 
key feature of understanding the prob-
lem as advocated in the first of the Stan-
dards for Mathematical Practice (SMP 1, 
CCSSI 2010). We know that mathematics 
is unlike general reading, in which one or 
more words can be skipped and the “gist,” 
or essence, of the paragraph can still be 
distilled. Instead, mathematics requires 
the analysis of each word and the ability to 
identify the structure of the problem. Such 
questions as the following are considered: 
Is this word problem a result-unknown 
problem? Am I trying to find an unknown 
group size? The goal of a word problem 
is to have students practice connecting 
contextual situations of word problems to 
common additive (addition and subtrac-
tion) and multiplicative (multiplication 
and division) structures. 

2.  Students are incorrectly influenced by 
keywords that are taken out of the full 
context.For example, in a problem such as 
the following, students often will suggest a 
total of nineteen books because the prob-
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5. Students using a keywords approach are 
not practicing how to read mathematical 
situations and make sense of them using 
prior knowledge. From being taught a key-
words strategy, students glean the impli-
cations that “you don’t have to read; you 
don’t have to think. Just grab the numbers 
and compute” (Hyde 2006, p. 3).

What now? Moving away  
from a keywords strategy
The work of Jordan and Hanich (2000) revealed 
that even when problems were read to stu-
dents to avoid reading challenges, students 
with weak reading skills still performed at a 
lower level than other students. Instead of 
looking for ways to bypass or work around 
these challenges, teachers must deploy strate-
gies that support students’ sense making—
including their heightened awareness and use 
of operation sense. We advocate for the use of 
strategies and modifications of problems in 
place of the ineffective and harmful keywords 
strategies so that students become more 
familiar with types of problems and ways to 
think about problem situations. 

• Increase readability: Researchers have 
identified that the readability of word 
problems has an effect on students’ perfor-
mance, particularly for low-SES and low-
proficiency students (Walkington, Clinton, 
and Shivraj 2017). This quality of ease of 
reading can be influenced by the length 
of the problem, the difficulty of the words 
used, and whether second-person pro-
nouns that directly address the reader, such 
as you or your, are used. These researchers 
found that modifying problems by changing 
them to second-person pronouns, placing 
the reader into the problem, such as “round 
your answer” or “give your answer,” makes 
the situation more concrete and more easily 
accessed by learners. 

• Ensure topic relevance: It is common 
sense, but if a problem is relevant to 
students, they will better understand the 
context, are more likely to be engaged, and 
have the potential to be more successful.

• Support reading and understanding of 
mathematics words: To develop the dis-

tinction between words that have different 
meanings in mathematical situations than 
in conversation, students should learn 
these sometimes-confusing words. Vocabu-
lary is at the core of content literacy. This 
emphasis on interpreting words that are 
spelled the same but have different mean-
ings in mathematics includes such words as 
table, face, product, mean, degree, similar, 
digit, even, odd, series, right, yard, volume, 
factor, base, foot, expression, and hand (of a 
clock). Prepare students for these words in 
advance so that the focus of instruction can 
move toward understanding the situation 
in the word problem rather than under-
standing how language is used specific to 
mathematical situations. 

• Use concrete materials rather than 
abstract words: Using manipulatives can 
help support students’ thinking as they use 
concrete materials to represent the situa-
tion in the context of the word problem. 

• Have students imagine the situation: 
Instruct students to think about and articu-
late the situation in the problem. Get them 
to focus on the quantitative relationships 
rather than ignoring the context and focus-
ing on a quick numerical answer. 

Modeling may be viewed as the link 
between the “two faces” of mathematics, 
namely its grounding in aspects of reality, 
and the development of abstract formal 
structures. (Greer 1997, p. 300)

• Employ schema-based instruction: Having 
students carry out the action in the problem 
with a schema supports the identification 
of the problem structure and thereby the 
approach that leads to a solution (Jitendra 
and Star 2011). Students need to discuss the 
relationships inherent in these structures 
and need to describe the situation. In this 
way, they can meaningfully retrieve which 
operation to use by connecting the new 
problem to related schemas.

• Have students put the problem into their 
own words: Ask students to paraphrase  
the word problem to support their full  
compre hension of the situation and what 
is being asked. 
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• Have students work backward: Have 
students create their own word problems. 
For example, first give students an equa-
tion or picture, and then have them write 
a word problem to match. For students to 
fully understand the way actions in word 
problems are written, they need to become 
writers of the problems. 

• Act out the problem: Especially for younger 
students, role playing the situation in the 
problems is a meaningful way to under-
stand what is being asked. Although all 
students can benefit, this strategy can be 
particularly useful with students who are 

not yet efficient readers, writers, or draw-
ers of mathematical situations. 

• Include an advanced organizer: Moving the 
question to the beginning of the problem 
sends a message of what will be looked for. 
This approach particularly supports students 
who struggle (Thevenot et al. 2007). All the 
other information is then sorted according 
to this desired outcome. For example, the 
traditional form of word problems would be 
reworded to (or reread as): How many more 
stickers does Emma have than Jack? Emma 
has 14 stickers. Jack has 8 stickers. Some-
times this approach involves anticipation 
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K–5 trajectory of sequenced approaches to solving word problems

Kindergarten
1. Discuss what the problem is asking.

2. Act out the problem (teacher 
purposefully selects and uses problems 
that work well for role playing). 

3. Teacher writes the corresponding 
equation until students can do so. 

4. Student records the equation and 
the solution. 

Grade 1
1. Discuss what the problem is asking.

2. Act out the problem in concrete ways, 
either role playing or using materials. 

3. Represent the quantitative relationships 
in the problem by using graphic 
organizers or schema—such as Start, 
Change Result, Part-Part-Whole— 
or create a sketch or illustration to 
represent the problem.

4. Determine the corresponding equation.

5. Record the equation and the solution. 

Grades 2–3
1. Identify important information.

2. Imagine the situation. 

3. Act out the problem by role playing. 

4. Strategically select a tool to model the 
problem, such as concrete materials, 

a schema, or the creation of a sketch 
or illustration as a representation of 
the problem.

5. Determine the corresponding equation. 

6. Record the equation and the solution, 
including the appropriate unit.

7. Explain your solution process orally and 
in writing, including why you chose it. 

Grades 4–5
1. Identify important information.

2. Imagine the situation. 

3. Strategically select a tool to model the 
problem, such as concrete materials, 
a schema, or the creation of a sketch 
or illustration as a representation of 
the problem.

4. Create a representation to model the 
situation in the problem. 

5. Write the corresponding equation. 

6. Record the solution, including the 
appropriate unit.

7. Explain your thinking orally or in 
writing, including why you chose 
the solution process and how you 
determined your answer is reasonable.

8. Check your computations. Is this the only 
answer, or are there other solutions? 
What is another solution strategy?

A trajectory of sequenced actions, by grade bands, can frame students’ growth 
and development in learning to make sense of problems. 
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guides as a way to “scaffold text comprehen-
sion” (Adams, Pegg, and Case 2015, p. 501). 

• Give students a problem without a  
solution or without numbers: Have 
students read a problem and then provide 
them with several solutions from anony-
mous students from another class. Some-
times pose problems that have no solutions 
(such as the classic Shepherd problem men-
tioned previously), or present solutions that 
are all incorrect. Also, pose word problems 
without numbers and then ask such ques-
tions as, “Should the answer be greater than 
the initial amount? Less than?” Engaging in 
this practice encourages students to focus 
on the context of the problem rather than 
on the numbers in the problem. Removing 
the numbers also creates parameters that 
help students determine if the answer they 
got is reasonable.

• Give students a problem without a  
question: Give students a word problem 
that presents only a situation. For example, 
Jonas had some books. He gave Kaitlin 
seven books. He now has eight books. Ask 
students to first identify possible questions 
that could be asked about the problem and 
then solve them.

Additionally, a purposeful, systematic 
approach should develop to meet SMP 1: 
Make sense of problems. We provide a trajec-
tory of sequenced actions, by grade bands, 
to frame students’ growth and development 
(see fig. 2). 

The goal is understanding 
At the elementary school level, student suc-
cess with word problems depends not on 
quickly computing a solution to the problem 
but instead on understanding the situation 
and identifying the right approach or correct 
operation. Working toward that goal through 
the use of multiple strategies will scaffold  
students’ attention to the structure of math-
ematics and how they can begin to see math-
ematics in the situations they encounter in 
life. We hope this article has convinced you to 
remove keywords strategies from your class-
room instruction and instead focus on strat-
egies to promote understanding and sense 
making, as described here. 

BIBLIOGRAPHY
Adams, Anne E., Jerine Pegg, and Melissa Case. 

2015. “Anticipation Guides: Reading for 
Mathematics Understanding.” Mathematics 
Teacher 108, no. 7 (March): 498–504.

Andrews, Delise, and Beth M. Kobett. 2017. 
“Discourse through the Lens of K–Grade 2/
Grades 3–5 Content: Demystifying Word-
Problem Structures.” Presentation at 
the NCTM Discourse Institute: Facilitating 
Meaningful Mathematical Discourse,  
Baltimore, MD, July 17–19. 

Caldwell, Janet H., Karen Karp, and Jennifer M. 
Bay-Williams. 2011. Developing Essential 
Understanding of Addition and Subtraction, 
Pre-K–Grade 2, Reston, VA: National Council 
of Teachers of Mathematics.

Caldwell, Janet H., Beth Kobett, and Karen Karp. 
2014. Putting Essential Understanding of 
Addition and Subtraction into Practice, Pre-K–
Grade 2. Reston, VA: National Council of 
Teachers of Mathematics. 

Clement, Lisa, and Jamal Z. Bernhard. 2005. “A 
Problem-Solving Alternative to Using Key-
words.” Mathematics Teaching in the Middle 
School 10, no. 7 (March): 360–65.

Common Core State Standards Initiative (CCSSI). 
2010. Common Core State Standards for 
Mathematics (CCSSM). Washington, DC: 
National Governors Association Center for 
Best Practices and the Council of Chief State 
School Officers. http://www.corestandards 
.org/wp-content/uploads/Math_Standards.pdf

Drake, Jill Mizell, and Angela T. Barlow. 
2007/2008. “Assessing Students’ Levels of 
Understanding Multiplication through Prob-
lem Writing.” Teaching Children Mathematics 
14, no. 5 (December/January): 272–77.

Greer, Brian. 1997. “Modelling Reality in the 
Mathematics Classroom: The Case of Word 
Problems.” Learning and Instruction 7, no. 4 
(December): 293–307.

Hegarty, Mary, Richard E. Mayer, and Christopher 
A. Monk. 1995. “Comprehension of Arith-
metic Word Problems: A Comparison of 
Success ful and Unsuccessful Problem Solvers.” 

Common Core 
Connections

K.OA.2 1.OA.1 1.OA.2
2.OA.1 3.OA.3 3.OA.8
4.OA.2 4.OA.3 5.NF.2



www.nctm.org Vol. 25, No. 7 | teaching children mathematics • May 2019 435

Journal of Educational Psychology 87  
(March): 18–32. 

Heng, Mary Anne, and Akhila Sudarshan.  
2013. “Bigger Number Means You Plus!”— 
Teachers Learning to Use Clinical Interview to  
Understand Students’ Mathematical Think-
ing.” Educational Studies in Mathematics 83, 
no. 3 (July): 471–85.

Hyde, Arthur A. 2006. Comprehending Math: 
Adapting Reading Strategies to Teach Math-
ematics, K–6. Portsmouth, NH: Heinemann.

Jitendra, Asha K., and Jon R. Star. 2011. “Meet-
ing the Needs of Students with Learning Dis-
abilities in Inclusive Mathematics Classrooms: 
The Role of Schema-Based Instruction on 
Mathematical Problem-Solving.” Theory into 
Practice 50, no. 1 (January): 12–19. 

Jordan, Nancy C., and Laurie B. Hanich. 2000. 
“Mathematical Thinking in Second-Grade 
Children with Different Forms of LD.” Journal 
of Learning Disabilities 33, no. 6 (November): 
567–78. 

Kaplinsky, Robert. “How Old Is the Shepherd?”  
YouTube video, 3:07. December 1, 2013.  
https://robertkaplinsky.com/how-old-is- 
the-shepherd/ 

Karp, Karen, Sarah Bush, and Barbara Dougherty. 
2014. “13 Rules That Expire.” Teaching Chil-
dren Mathematics 21, no. 1 (August): 18–25. 

———. 2015. “12 Math Rules That Expire in the 
Middle Grades.” Mathematics Teaching in the 
Middle School 21, no. 4 (November): 208–15.

Loveless, Thomas, Francis Fennell, Vern Williams, 
Deborah Ball, and Marian Banfield. 2008. 
“Chapter 9: Report of the Subcommittee on 
the National Survey of Algebra I Teachers.” 
In Foundations for Success: Report of the 
National Mathematics Advisory Panel. Wash-
ington DC: U.S. Department of Education. 

Organisation for Economic Cooperation and 
Development (OECD) 2010 PISA 2009 
Results. 2015. “PISA 2015 Collaborative 
Problem-Solving Framework.” https://
www.oecd.org/pisa/pisaproducts/Draft%20
PISA%202015%20Collaborative%20Problem 
%20Solving%20Framework%20.pdf

Prediger, Susanne. 2011. “Why Johnny Can’t 
Apply Multiplication: Revisiting the Choice 
of Operations with Fractions.” International 
Electronic Journal of Mathematics Education 
6, no. 2 (August): 65–88.

Schoenfeld, Alan. 1982. “Some Thoughts on 
Problem-Solving Research and Mathematics 
Education.” In Mathematical Problem Solving:  

Issues and Research, edited by Frank K. 
Lester Jr. and Joseph Garafalo, pp. 27–37. 
Philadelphia: Franklin Institute Press.

Sowder, Larry. 1988. “Children’s Solutions of 
Story Problems.” Journal of Mathematical 
Behavior 7 (December): 227–38.

Sulentic-Dowell, Margaret-Mary, Gloria D. Beal, 
and Robert M. Capraro. 2006. “How Do  
Literacy Experiences Affect the Teaching  
Propensities of Elementary Pre-Service  
Teachers?” Journal of Reading Psychology 
27, no. 2–3 (April–June): 235–55.

Thevenot, Catherine, Michel Devidal, Pierre  
Barrouillet, and Michel Fayol. 2007. “Why 
Does Placing the Question before an Arith-
metic Word Problem Improve Performance? 
A Situation Model Account.” Quarterly 
Journal of Experimental Psychology 60 
(January): 43–56. 

Van de Walle, John A., Karen S. Karp, and Jennifer 
M. Bay-Williams. 2019. Elementary and Middle 
School Mathematics: Teaching Developmen-
tally. 10th ed. New York: Pearson Education.

Walkington, Candace, Virginia Clinton, and 
Pooja Shivraj. 2017. “How Readability Factors 
Are Differentially Associated with Perfor-
mance for Students of Different Backgrounds 
When Solving Mathematics Word Problems.” 
American Educational Research Journal 55, 
no. 2 (November): 362–414.

Karen S. Karp, kkarp1@jhu.edu, is a 
professor in the School of Education at 
Johns Hopkins University in Baltimore, 
Maryland. She continues to work in 
classrooms, supporting teachers’ 
instruction for students who struggle 
with learning mathematics, particularly 
students with disabilities. Sarah B. 
Bush, sarah.bush@ucf.edu, is an 
associate professor of K-12 STEM 
education at the University of Central 
Florida in Orlando. She is interested in 
the meaningful learning of mathematics 
through transdisciplinary STEAM 
instruction. Barbara J. Dougherty, 

bdougher@hawaii.edu, is a professor and the 
Director of Curriculum Research and Development 
Group at the University of Hawai‘i in Honolulu. She 
conducts research on teaching and learning in the 
middle grades with an emphasis on students who 
struggle in mathematics, specifically algebra.


