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Introduction 

This research examines student preferences and performance on word problems versus 

computational problems. Researchers believe that word problems cause greater difficulty for 

students because they require more thought and reading comprehension than computational 

problems since they force students to interpret what a question is asking. When solving word 

problems, students face the challenges of being able to pick out the relevant information from the 

irrelevant and knowing what computations to perform with that information. 

I was interested in this topic because I taught Prize Winning Mathematics, a core 

curriculum course that fulfills the mathematics credit for non-majors at SUNY Fredonia and I 

noticed that students enrolled in the course disliked examining word problems in class and 

complained when assigned a word problem on homework. In this course, I assigned both word 

problems and computational problems that corresponded to the material covered in class. I 

taught this class three days a week, for fifty minutes per day. To gauge how well the students 

understood the material presented, I assigned nightly homework that was collected every Friday. 

For each set of homework questions, I typically assigned at least one word problem that 

illustrated to students that what they are learning in class has real-world applications. I found 

that most of my students were asking questions about the word problems as opposed to the 

computational problems assigned. Once we -read through the word problem together and set up 

the corresponding computational problem, students were able to readily complete the operations. 

My study focused primarily on whether students preferred computational problems over 

word problems and also on their performance with each type of problem. 

It is hypothesized that when given a choice between solving a computational 

problem and solving a word problem, students enrolled in a core curriculum 

college mathematics course will choose the computational problem over the word 
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problem even though the word problem is less difficult than the computational 

problem. Furthermore, students will more accurately solve computational 

problems than word problems. 

I tested this hypothesis by giving students a ten-question quiz (five word problems and five 

computational problems) and allowing them to pick five to solve. The students were required to 

choose those five questions to complete in either one minute or thirty seconds (depending on 

which group they were in) and solve only those five questions in ten minutes without changing 

questions. I compared achievement on both word problems and computational problems for 

each individual student as well as by class and I recorded the number of word problems chosen 

and the number of computational problems chosen. 

Literature Review 

The purpose of this literature review is to examine the existing research that pertains to 

student achievement and preferences on mathematics word problems. This literature review is 

divided into five sections: Word and computational problems, Computational problems and 

word problems in standards, Problem solving strategies for word problems, Problem areas in 

word problems, and Student preference and performance on word problems. The word and 

computation section deals with how word problems are hidden computational problems while the 

section on standards discusses how word problems fit into the curriculum of schools. The 

problem solving section is built around describing -different problem solving strategies used by 

students as well as the characteristics of successful and unsuccessful problem solvers while the 

section about problem areas in word problems describes specific areas that students struggle in 

when solving word problems. The last section covers how well students perform on word 
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problems and their preferences regarding word problems. However, before discussing this last 

section, it makes sense to determine what word ~nd computational problems are. 

Word and Computational Problems 

In mathematics, students are assigned two types of problems: computational problems 

and word problems. With computational problems, students are required to simply find the 

answer to a mathematics question such as 

Calculate: 3 + 17 · 10 

where there is no context with the problem or extensive use of words. With word problems, 

students are required to read through a question and determin~ what is given to them, what is 

being asked ofthem, and how to go about finding the unknown. Hegart, Mayer, and Monk 

(1995) define word problems as problems that contain relational statements (express a numerical 

relation between two variables). For example, a word problem could be 

Two trains are leaving a station in Buffalo, NY at the same time. Train A travels at a 
constant speed of 16 mph and Train B travels at a constant speed of 8 mph but 
accelerates constantly at 1 mph. After 10 seconds, which train has the greater speed? 

Researchers have looked at ways of creating word problems out of computational problems 

while still meeting curriculum standards (Hegarty, & Mayer, 1995; Jonassen, 2003; Martinez, 

2001; Mattarella-Micke & Beilock, 201 0; Ross, McCormick, & Krisak, 1986). 

In current curriculum standards, there is an emphasis on creating problems that arise from 

authentic everyday and professional contexts rather than giving students computational problems 

that require some interpretation (Jonassen, 2003). Jonassen defines mathematics word problems 

as story problems that "are normally solved by leamers identifying key concepts and values in a 

short scenario, selecting the appropriate algorithm, [and] applying the algorithm to generate a 

quantitative answer" (p. 268). Word problem solutions emphasize the quantitative representation 
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of that problem thereby transforming the question from a word problem to a computational 

problem that usually requires the use of formulas. Jonassen describes different types of word 

problems: combine problems and compare problems (see Figure 1). In combine problems, the 

result is what is unknown. For example: 

Tom has three apples. Mary gave Tom 3 more apples. How many apples does Tom have 

in the end? (p. 270) 

For this problem, students need to figure out how many apples Tom has, thus making it a 

combine problem. For compare problems, the unknown is the amount of change. For example: 

Tom has 4 apples. Mary has some apples. Altogether, they have nine apples. How 

many apples does Mary have? (p. 270) 

Now the students are required to determine how many apples Mary has if Tom has 4 and 

together they have 9. 

Figure 1: Combine and compare problems (Jonassen, 20~3). 

Unknown is the result 

Unknown is the amount of change 

Jonassen also notes that there are change problems (a quantity is presented that changes over 

time), restate problems (associate things in relational terms and thenrestate the relationship 

using numerical values), and vary problems (state a relationship between two things and then use 

that relationship to generalize new situations). These different types of word problems meet 

mathematics curriculum standards in schools. 
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Computational Problems and Word Problems in Standards 

Teachers devote a significant amount of time to the creation oflesson plans that address 

state standards while keeping in mind the needs of the students the teacher has. Word problems 

have become a key component in the mathematics curriculum because of their potential for 

motivating students and developing meaningful new mathematics concepts and skills as well as 

developing the skills of knowing when and how to apply mathematics effectively in situations 

outside of school (Depaepe, Corte, & Verschaffel, 2010). Koedinger and Nathan (2004) believe 

that word problems allow the notion of situation modeling because students are able to visualize 

what the question is asking and analyze the solution in the context of the question. Green and 

Emerson (20 1 0) argue for the opposite of this: conventional word problems in mathematics are 

"not aligned with the typical learning goals and expectations of partner disciplines" (p. 113). 

Numerous studies have been done on how effective or ineffective word problems are in meeting 

students' needs as well as state standards and unfortunately it has been found that even textbooks 

do not meet these standards or needs (Carraher, T., Carraher, D., & Shliemann, 1985; Depaepe, 

Corte, & Lieven, 2010; Green & Emerson, 2010; Koediner & Nathan, 2004, Mattarella-Micke & 

Beilock, 2010, McNeil, Uttal, Jarvin, & Sternberg, 2009). 

When examining mathematics textbooks for undergraduate courses, it is apparent that the 

questions and material is not targeted toward real-world problems where students apply 

quantitative methods and techniques to reach a solution (Green & Emerson, 2010). These 

textbooks are not designed to help students develop necessary thinking skills that are essential 

for analyzing the types of problems they will encounter in real life. Instead, the textbooks simply 

teach students particular procedures and techniques. The Mathematical Association of America 

(MAA) states that a more important goal, rather than teaching content specific to a course, is to 
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develop comfort using mathematics as a communication tool to share analytical concepts 

(Lamoureux, 2004). Disciplines outside of mathematics encourage the teaching of problem 

solving, mathematical modeling and communication and they argue that these goals are not 

being met by current texts, problems, and supporting materials. Green and Emerson (2010) also 

investigated how word problems measure up to Bloom's taxonomy. Using a two-dimensional 

framework, Bloom's taxonomy describes learning activities, assessments, and educational 

objectives (Anderson & Krathwohl, 2001). One of the dimensions depicts the type of knowledge 

' 
being developed or used as factual, conceptual, procedural, or metacognitive while another 

dimension describes what the students are doing with that knowledge, whether it is 

remembering, applying, understanding, evaluating, analyzing, or creating. The current state of 

textbooks falls short when meeting the analytic skills objective because they do not put much 

emphasis on problem solving, quantitative literacy, and communication because most procedural 

mathematical activities do not require the student to "engage in reflective thinking" (p. 116). To 

change the way textbooks are not meeting the analytic skills objective, Green and Emerson 

(2006) suggest that textbooks should give realistic problems, contexts, and data as opposed to 

real world. 

In their more recent research, Green and Emerson (20 1 0) describe realistic context as one 

that does not require students to interpret and use information in both a qualitative and 

quantitative manner, but does require them to communicate their results to an appropriate 

audience. Green and Emerson developed their own set of objectives for mathematics courses: 

1. That students develop facility with certain modeling and technological techniques that 
are useful in dealing with real world data, 

2. · That students learn to analyze and interpret the results of those techniques in realistic 
contexts, and 

3. That students learn to communicate their findings in a realistic context. (Green & 
Emerson, 2010, p. 419) 
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To meet these objectives, the researchers suggest developing problems that are different from 

word problems today which are often very contrived. The researchers investigated the 

differences in meeting their objectives when giving students a problem taken from a typical 

textbook (from a mathematics course for business majors) and a mathematical modeling problem 

(from the researchers' course). When given the conventional problem, students were only 

required to simply compare values after finding the mean and variance for a given set of data, 

while the modeling problem pushed students to think about their solution and be able to 

communicate it. Other researchers (Griffin & Jitendra, 2008) agree with Green and Emerson 

when it comes to making mathematics meaningful. 

The National Council of Teachers of Mathematics (NCTM), in the Principles and 

Standards for School Mathematics (NCTM, 2011 ), report that conceptual understanding in both 

mathematics assessment and instruction is becoming more emphasized than procedural 

knowledge such as performing or applying algorithms (Griffin & Jitendra, 2009). The NCTM 

promoted problem solving, communication, reasoning, designing and analyzing representations, 

and making connections as the five process standards in 2006 (NCTM, 2011). In the Standards 

and Focal Points in NCTM standards (NCTM, 2011), problem solving was a key theme. Word 

problems meet those standards given by the NCTM because they require students to determine 

the semantic structure and mathematical relations while testing their knowledge of basic 

numerical skills and strategies. The NCTM also suggests that students should be able to apply 

and adapt a variety of strategies to solve mathematical problems. Researchers have investigated 

the different strategies that students use when attempting to solve word problems. 
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Problem Solving Strategies for Word Problems 

When solving mathematical problems (computational and word problems) there are 

multiple strategies for obtaining a correct solution. Cook (2006) believes an essential element of 

successfully solving a problem, regardless of the type, is having the ability to distinguish relevant 

information for the problem solution from irrelevant information. The steps to problem solving, 

in general, as advocated by P6lya (P6lya, 2007), involve: understanding and defining the 

problem situation; constructing a mathematical model of the relevant information embedded in 

the problem; working through the model using mathematical operations to derive some 

mathematical result(s); interpreting the outcome in relation to the original problem situation; 

evaluating the solution and the process by checking if the solution is appropriate and reasonable 

in the context of the problem; and communicating the obtained solution (Depaepe, Corte, & 

Verschaffel, 2010). Other researchers have studied how students solve problems as well (Cook, 

2006; Doyle, 1988; Edens & Potter, 2008; Fuchs, L. et. al., 2006; Griffin & Jiendra, 2009; 

Jacobse & Harskamp, 2009; Muth, 1991; Quinn & Spencer, 2001; Schoppek & Tu1is, 2010; 

Thevenot & Oakhill, 2005; Xin & Zhang, 2009). 

Students can be successful or unsuccessful problem solvers. Hegart, Mayer, and Monk 

( 1995) believe that the students who are unsuccessful make the mistake of selecting numbers and 

keywords given in a problem and simply base their plan for coming up with a solution on these 

(direct translation strategy). Typically, the students who are successful problem solvers use the 

problem model strategy where they begin by constructing a mental model of what the problem is 

suggesting and then plan their solution on this model. Figure 2 portrays these strategies along 

with the steps involved in solving the problem with the given approach. 
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Figure 2: Model of direct translation strategy and problem model strategy (Hegart, Mayer, & 
Monk, 1995). 

Read Sentence 

Construct/update 
f---semantic network 

Select numbers Construct/upda te 
and key words problem model 

~ o'"'"'~'"''M / 
plan 

""' Execute solut ion 
plan 

Hegart, Mayer, and Monk (1995) wanted to determine if there was a correlation between 

successful and unsuccessful problem solvers and the strategy used. The participants in their 

study included 38 undergraduates from the psychology subject pool at the University of 

California in Santa Barbara. They used four sets of 48 arithmetic word problems (32 filler 

problems and 16 target problems). These questions were given to the participants and the results 

supported their hypothesis. It was determined that unsuccessful problem solvers focused more 

on the numbers and the key words given in a problem (re-examining numerical terms at an 

average of2.3 times compared to 1.3 times for successful problem solvers) whereas successful 

problem solvers constructed a model (representation) of the problem. Overall, they found that 

successful problem solvers are better able to find the essential meaning of word problems 

compared to unsuccessful problem solvers. Other researchers have investigated different 

strategies that successful problem solvers use. 
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When attempting to solve a word problem, college students' strategies are not much 

different from younger students' strategies (Cook, 2006). An essential characteristic of being a 

successful problem solver is having the ability to decipher a problem by distinguishing the 

relevant information from the irrelevantinformation. Cook describes a "semantic features model 

of discriminating information" as a situation in which students analyze a problem text and 

question into semantic units including the actions, agents, objects acted upon, and the time and 

place of those actions. This model suggests that students search through the text of the problem 

to identify relevant information while trying to match the numerical values given in the question 

to the solution. Some of the strategies (see Figure 3 below) then used to solve word problems 

include the question-guided strategy in which the student looked back to the initial question 

before attempting any calculations and referred to the question multiple times throughout solving 

it. Another strategy was the simple comparison strategy where students did not look back at the 

problem but at the relevant and irrelevant information given in the problem. Number grabbing 

is another strategy in which students quickly identify all numbers as relevant without 

determining the semantic features. 

Figure 3: Strategies used by students (Cook, 2006). 

• Student looks back to the question before attempting 
computations 

• Student looks back at question multiple times 

• Student did not look back at the problem 
• Student looks back at relevant and irrelevant 

information 

• Student quickly identifies all numbers as relevant 
• Student does not determine semantic features of 

problem 
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When investigating which strategies students use most, Cook found that they are likely to use 

multiple strategies for one given problem. In his study (consisting of nine college students 

attending a regional Midwestern university), the students were given story problems that were 

presented via computer using a software program that gave the problems in "blocks" (separating 

the type of problem information: relevant/irrelevant agent, relevant/irrelevant action, 

relevant/irrelevant number, relevant/irrelevant unit, and question unit/agent/action). It was 

required that the participants read through the entire problem and then could go back to different 

"blocks." Cook found that most students reread the problem in sequence and that students who 

were successful at solving the problem used multiple strategies within a given problem. Overall, 

the researcher concluded that students are aware of the strategies they use and frequently focus 

and evaluate their solution attempts throughout their problem solving process. 

Problem Areas in Word Problems 

Some researchers believe that students struggle most when given a word problem rather 

than just a computational problem (Depaepe, Corte, & Verschaffel, 2010). Bernardo (1999) 

found that students have trouble with solving word problems because they have difficulty 

understanding what question is being asked within a word problem. Other researchers have 

found that students often struggle with word problems because their reading comprehension is 

weak or inadequate for the word problems they are given (Ansley & Forsyth, 1990; Helwig, 

Almond, Rozek-Tedesco, Tindal, & Heath, 1999; Powell, Fuchs, L., Fuchs, D., Cirino & 

Fletcher, 2009; Rabinowitz & Wooley, 1995; Vilenius-Tuohimaa, Aunola, & Nurmi, 2008). 

Word problems require students to read and understand what the problem is asking prior 

to being able to use any mathematics to develop a solution. So these problems test first of all the 

students' reading comprehension and then their mathematical knowledge. Thus, an important 
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aspect of being able to problem solve when given word problems is to be a fluent reader (reading . 

words correctly in a unit of time). Studies have shown that students who are slow readers tend to 

make fewer inferences from written questions and comprehend less than students who are 

reading at higher levels (Helwig, Rozek-Tedesco, Tindal, & Heath, 1999). Students who are at 

lower reading levels also have difficulty recalling important information and miss cues given in 

word problems. Missing cues and not being able to recall important information causes those 

students to forget the beginning of the problem by the time they get to the end, resulting in the 

omission of the relevant information given in the problem. 

Researchers found that eight percent of the 1,400 errors on mathematics word problems 

were reading-related errors (students failed to comprehend the question). Vocabulary also poses 

a problem for slower readers because the words used in mathematics word problems have several 

meanings, are defmed in a specific way, are not part of a student's general vocabulary, or convey 

a process that the students should follow. This makes it difficult for students to comprehend 

what exactly a word problem is asking. Unfortunately, teachers often assume that students who 

do not read well enough will not be successful in mathematics when a significant number of 

students with reading difficulties are average or above average when it comes to mathematics 

problem solving. In the study done by Helwig et al., students in ~ 5 sixth-grade mathematics 

classrooms were given tests that measured the students' reading abilities (oral reading fluency 

test) as well as their mathematics skills (basic mathematics skill test, and a standardized 

mathematics achievement test). Their study found that when students with low reading skills but 

above-average mathematics skills were given mathematics word problems, they performed better 

than students with above-average reading skills but low mathematics skills, which supports the 

' claim that mathematics and reading are related skills. 
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Some researchers have suggested that there is a correlation between reading ability and 

achievement on mathematics word problems (Vilenius-Tuohimaa, Aunola, & Nurmi, 2008). 

Often times difficulties in reading co-occur with difficulties in mathematics. Studies have shown 

that a student's progress in mathematics can be predicted by his/her reading disabilities but the 

converse is not true. Groups with only mathematics difficulties progressed at a faster rate in 

mathematics compared to the group with reading difficulties. Researchers believe that reading 

and mathematics word problem-solving are related because both require the use of reasoning 

skills. Vilenius-Tuohimaa, Aunola, and Nurmi (2008) investigated this proposal. 

In their study (225 children, aged 9-10), they tested students' text comprehension as well 

as mathematical word problem-solving performance. The results of their study showed that their 

performance on mathematics word problems was strongly related to their performance with 

reading comprehension. Even after controlling the level of technical reading involved when 

creating mathematics word problems, performance on those problems was still related to reading 

comprehension. This suggests that both reading comprehension and mathematics problem

solving skills are dependent on reasoning abilities. Other researchers (Akinsola & Awofala, 

2009; Carraher, T., Carraher, D. & Schliemann, 1985; Helwig, Almond, Rozek-Tedesco, Tinal, 

Heath, 1999; Ku & Sullivan, 2000; Muth, 1991; Powell, Fuchs, L., Fuchs, D., Cirino, & Fletcher, 

2009; Rhymer & Cates, 2006; Wildmon, Skinner, McCurdy, & Simms, 1999) have investigated 

how students feel about word problems and their performance on them rather than just teachers' 

v1ews. 

Student Achievement and Preference of Mathematics Questions 

Teachers often reflect on student performance throughout the school year. Researchers 

have studied student achievement on word problems versus computational problems to 
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determine if there is any significant difference (Akinsola & Awofala, 2009; Carraher, T., 

Carraher, D. & Schliemann, 1985; Helwig, Almond, Rozek-Tedesco, Tinal, Heath, 1999; Ku & 

Sullivan, 2000; Muth, 1991; Powell, Fuchs, L., Fuchs, D., Cirino, & Fletcher, 2009; Rhymer & 

Cates, 2006; Wildmon, Skinner, McCurdy, & Simms, 1999). 

It is often said that students perform poorly on mathematics word problems. However, a 

study done by McNeil, Uttal, Jarvin, and Sternberg (2009), shows the opposite to be true. A 

number of theories back the assumption that students perform better on mathematics problems 

when they are presented in the context of real-world and practical situations as opposed to the 

traditional school contexts. By giving students real-world situations, they are better able to recall 

effective problem solving strategies, better able to break up a long problem into smaller 

problems, better able to treat the problems as being important and "worth while," and better able 

to understand abstract material. When given the opportunity to solve real-world problems, 

students, who are more advanced in mathematical reasoning, perform better as opposed to being 

given "conventional" mathematics problems. 

Teachers can also use concrete objects during instruction to help promote the "reai life" 

feel of mathematics problems. For example, if teaching a problem about dividing up an equal 

number of pizzas for everyone, the teacher could provide a fake pizza where the students could 

experiment with dividing up the pizza into equal parts. McNeil et al. (2009) studied student 

performance on mathematics problems that were real-world related. They found that students 

were better able to determine if a solution was "unfit" given the context of the problem and were 

then able to go back through their steps in their solution and find their mistake. Although 

students still made mistakes when solving mathematics word problems, the majority of those 
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mistakes were computational rather than conceptual. Researchers have investigated how to 

develop word problems similar to those suggested by McNeil et al. (2009). 

In developing word problems, some teachers use student names in the questions. 

Akinsola and Awofala (2009) investigated the effects of personalization of word problems on 

both student performance and self-efficacy in mathematics. They defined personalization as 

"using verbal modifies and exemplars which have been lifted directly from an individual's own 

repertoire oflife experience" (p. 389). When teachers use personalization in problems, it allows 

students to relate to and recognize the meaning of new information being presented. It also 

promotes self-efficacy which is defined as "one's self-judgments of personal capabilities to 

initiate and successfully carry out specified tasks at designated levels, expend greater effort, and 

persevere in the face of adversity" (p. 390). Self-efficacy has been shown to predict and explain 

student performance in various academic areas. Results in various studies indicate that self

efficacy has greater predictive power for success with problem solving than even mathematics 

self-concept, background in mathematics, and perceived usefulness of mathematics. In the study 

performed by Akinsola and Awofala, they found that the group which received personalized 

questions performed better than the non-personalized group on mathematics questions. They 

believed that by personalizing questions, students are able to give meaning to the mathematical 

content in the question which helped them through the stages of problem solving. Overall, 

personalization of questions leads to an increase in enjoyment, learning, and confidence, thus 

contributing to students' mathematics self-efficacy. 

There are many different ways to engage students in mathematics while still addressing 

both state standards and the needs of the students. Word problems, while just being hidden 

computational problems, provide justification for the importance of mathematics in real world 
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applications. A variety of strategies can be used to assist students in accurately solving word 

problems and at the same time, help students feel more comfortable and confident in their 

mathematical skills. 

Experimental Design & Data Collection 

This experiment was designed to test the hypothesis that students chose computational 

problems over word problems even though the word problems are simpler to solve. During this 

experiment, students were given a ten-problem quiz (five computational problems and five word 

problems) and asked to complete five problems. The number of word problems and 

computational problems chosen was compared as well as student performance on these 

problems. This experiment was conducted over a period of one class day. 

Subjects 

This study was conducted at the State University of New York at Fredonia. The 

University was founded in 1836 and is located in Fredonia, New York. Fredonia is about 45 

miles south of Buffalo and has a population of 11,064 people. This college is home to 5500 

students including both part-time and full-time students. Each year, the college awards about 

1060 bachelor's degrees and 189 master's degrees. The subjects in this study were all non

mathematics majors who were enrolled in Survey of Pre-Calculus, Survey of Calculus I, or one 

of the two sections of Mathematics in Action to fulfill a Core Curriculum Credit requirement 

prior to receiving a degree. The students enrolled in the course were of freshman, sophomore, 

. junior, and senior status. Classes met for 80 minutes, two days a week (Tuesday and Thursday) 

or fifty minutes, three days a week (Monday, Wednesday, and Thursday) for the whole semester 

(January 24 to May 6). 
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The subjects in this study consisted of 105 students including both females and males 

(about the same number of males as females). Thirty-one of the students in the study were 

freshmen, twenty-seven were sophomores, thirty-two were juniors, and fifteen were seniors; data 

on class standing was obtained by the professors of the courses that the students were enrolled in 

(see Figure 4 below). All of these students were enrolled in one of the sections offered of Survey 

of -Calculus, Survey of Calculus I, or Math in Action, which fulfills their mathematics CCC 

credit. Every one of these courses had weekly homework assignments, quizzes, and exams. The 

objective for these courses was to teach students mathematics that could be beneficial to their 

different majors. 

Many of the students enrolled in these courses disliked mathematics and just needed the 

course to graduate. The students generally turn in their homework poorly done and often asked 

to go over homework questions prior to turning in the assignment. The students lacked 

confidence in both their potential and abilities in mathematics. 

Figure 4: Subjects that participated in the study (number of females and males was not recorded 

due to its lack of importance in the study). 

I I 
[ 31 Freshmen I 

-1 _•, 

27 Sophomores 

I} 

[ 32 Juniors I 
[ 15 Seniors I 
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Design 

This experiment was conducted over a period of one class day. During this class day, the 

students were given ten minutes to complete a ten problem quiz on which they chose five of the 

ten problems to complete. The ten problems on the quiz were designed so that the word 

problems were easier to solve than the computational problems and for each of the computational 

problems, there was a word problem that involved the same mathematical operations such as 

distribution and addition. Prior to completing the quiz, the students were given either one minute 

or thirty seconds to pick the five problems to complete. The two different time limits were 

established after initially giving the students (in Survey of Pre-Calculus and Survey of Calculus 

I) one minute to pick five of the problems. The researcher realized that they were able to start 

solving the problems in their head and then picked the ones that they knew how to do rather than 

just instinctively picking five, so the following two classes (both sections of Mathematics in 

Action) were only given thirty seconds to make their decision. Once the time was up (either one 

minute or thirty seconds) the students had to complete the problems they had circled (they could 

not switch problems). The students were not allowed to use their calculators on the quiz. The 

design of the study is illustrated in Figure 5. 
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Figure 5: Study design for the quiz. 

First Minute or Thirty Seconds of Class 

Students chose five of the ten problems 
they wished to complete. They circled the 
five problems and solved only those five 
problems without switching problems. 

Next Ten Minutes of Class 

Students completed the five problems 
they chose and only those five problems 
without the use of their calculator. 

The problems on both of the quizzes (whether given one minute or thirty seconds to choose) 

contained problems similar to ones that the students had seen in their previous mathematics 

courses and were the same exact questions in the same order. The instructor of the course did 

not assist any student on the quiz. Figure 6 provides an example of a word problem and a 

computational problem that were included on the quiz (see Appendix A for the complete quiz). 
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Figure 6: Quiz problems. 

WORD PROBLEM 
You decided to open a savings account to save up money for next year. In September, you put 
in $10 and $15 in October. But in November you had to pay for your mom's birthday present 
which cost $8. Then in December, you got $50 from your grandma that you put in your 
account. By the end of December, how much money did you have saved? 

COMPUTATIONAL PROBLEM 
Calculate 

-7985-( -13 )+4( 6+5)-12= 

The students turned in the completed quiz after the ten minutes were up. No extra time was 

permitted for any reason. The problems were graded for correctness. After the students turned 

in their quizzes, they were given a brief four-question survey to complete (see Appendix B for 

the complete survey). 

Data collection 

The data for this experiment was collected by analyzing the number of chosen problems, 

student performance on, and student preference on the two types of problems. The quizzes were 

graded to determine student success on word problems versus computational problems and the 

survey given to the students was analyzed. 

Collection of data through quiz choices was measured in two ways. I recorded the 

number of word problems chosen and the number of computational problems chosen by students. 

The quizzes were also graded for correctness, where I recorded the number of word problems 

and computational problems that students solved incorrectly. Using the table below (see Figure 

7), I was able to easily compare the results and create graphs to display the data. 

' 
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Figure 7: · Data collection of quiz problems. 

Word Problems 
Computational 

Problems 
271 

225 
168 103 

A survey was conducted at the completion of this experiment. Students were asked to 

complete the survey in order to obtain their perspectives and opinions about computational and 

word problems. There were four students who were given surveys but did not answer any of the 

questions. The survey consisted.of four questions where the students had to describe the types of 

problems they skipped, circle their preference on which types of problems they feel they do best 

on, explain why they prefer solving those types, and the last was to circle the type of problem 

they preferred and explain why (see Figure 8 below). The questions on the survey provided 

insight into the students' minds about which type of mathematical problems they would rather 

solve and which types of problems they can solve more easily. The last question allowed 

students to explain/justify why they feel as though they perform better on either computational 

problems or word problems. This helped defend the hypothesis statement that students prefer 

and perform better on computational problems versus word problems. 
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Figure 8: Student survey. 

Student Survey 

1. Which type of questions did you skip over when picking five of the ten 
questions to do? 

2. Which types of questions do you feel you do better on? 
Computational Problems Word Problems 

-
3. Why do you think you don't do well on the other ones? 

4. Which types of problems do you prefer doing and why? 
Computational Problems Word Problems 

Methods of Data Analysis 

This experiment had a mixed design, integrating quantitative and qualitative data. 

Analysis of the data was done by using inferential statistics along with the Tukey grouping 

method. The data was from student choices for quiz problems to complete, from student grades 

on the quizzes, and from results ofthe survey that students complete at the end of the study. 

Analyzing Student Choices on Quiz Problems 

At the end of this experiment, I was able to record the number of computational problems 

and the number of word problems that students chose. I was able to determine whether students 

are more likely to choose computational problems over word problems when given a choice and 

also which types of problems students are more successful at solving. Also, I was able to 

determine if there was any difference in data when students were given one minute versus thirty 

seconds to pick five problems. 
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Analyzing Student Performance on Computational Problems and Word Problems 

When the students turned in their quizzes, each problem was marked as either correct or 

incorrect based on the final answer. Then I recorded the score on each of the quiz problems: 1 

for correct, 0 for incorrect, and blank if the student did not pick that question to solve, then 

categorized the question as either a word problem or a computational problem (see Figures 9 and 

10 below). 

Figure 9: Students' scores on quiz problems (given one minute to choose). 

You may leave rr in your fmal answer. 

6""'" 
A farmer wants to fence in a rectangular piece of land for his 
cows. The width is going to be 90 yards and the length is 
going to be 100 yards. What is the area of the fenced in 
yard? 
Solve fory: 

7(y + 6)- 4y + 8 = 110 
It costs $5 to get a taxi ride to the movies and $2 per ticket. 
If you have $13, how many tickets can you buy, ifyou also 
have to pay the taxi? 
Carson loves playing basketbalL During last season, he 
could sink the ball in the net 75% of the time. If he took 100 
shots during the season, how many shots did he make? 
35% of 49 is 

You decided to open a savings account to save up money for 
next year. In September, you put in $10 and $15 in October. 
But in November you had to pay for your mom's birthday 
present which cost $8. Then in December, you got $50 from 
your grandma that you put in your account. By the end of 
December, how much mon~ did you have saved? 
Calculate: 

-7985- (-13) + 4(6 + 5) -12 = 
You drive a 2008 Jeep Patriot that is supposed to get 
excellent gas mileage. You went on a 336 mile trip on one 
tank of gas (your gas tank is 12 gallons). How many miles 
per gallon did you get? 
What is 

Computational 
Problem 

Word Problem 

Computational 
Problem 

Word Problem 

Word Problem 

Computational 
Problem 

Word Problem 

Computational 
Problem 

Word Problem 

Computational 
Problem 

8 

4 

2 

3 

6 

10 

5 

7 

9 

58.3% 41.7% 75% 

78.6% 21.4% 41.7% 

83.3% 16.7% 25% 

85.3% 14.7% 29.2% 

100% 0% 37.5% 

60.0% 40% 47.9% 

100% 0% 81.3% 

65.4% 34.6% 45.8% 

60.0% 40.0% 68.8% 

70.0% 30.0% 79.2% 
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Figure 10: Students' scores on quiz questions (given thirty seconds to choose). 

You may leave rr in your fmal answer. 

aM~· 
A farmer wants to fence in a rectangular piece 
of land for his cows. The width is going to be 
90 yards and the length is going to be 100 
yards. What is the area of the fenced in yard? 
Solve for y: 

7(y + 6) - 4y+ 8 = 110 
It costs $5 to get a taxi ride to the movies and 
$2 per ticket. If you have $13, how many 
tickets can you buy, if you also have to pay 
the taxi? 
Carson loves playing basketball. During last 
season, he could sink the ball in the net 75% 
of the time. If he took I 00 shots during the 
season, how many shots did he make? 
35% of49 is 

You decided to open a savings account to save 
up money for next year. In September, you 
put in $10 and $15 in October. But in 
November you had to pay for your mom's 
birthday present which cost $8. Then in 
December, you got $50 from your grandma 
that you put in your account. By the end of 
December, how much money did you have 
saved? 
Calculate 

-7985 -( -13) + 4(6 + 5)- 12 = 
You drive a 2008 Jeep Patriot that is supposed 
to get excellent gas mileage. You went on a 
336 mile trip on one tank of gas (your gas 
tank is 12 gallons). How many miles per 
gallon did youget? 
What is 

(~) + (-:i) 

Computational 10 
Problem 

Word Problem 

Computational 
Problem 

Word Problem 

Word Problem 

Computational 
Problem 

Word Problem 

Computational 
Problem 

Word Problem 

Computational 
Problem 

4 

3 

2 

5 

8 

6 

9 

7 

33.3% 66.7% 

82.9% 17.1% 

68.1% 31.9% 

89.5% 10.5% 

82.1% 17.9% 

46.7% 53.3% 

94.4% 5.6% 

63.0% 37.0% 

70.6% 29.4% 

63.6% 36.4% 

78.9% 

38.6% 

17.5% 

33.3% 

31.6% 

47.4% 

68.4% 

52.7% 

70.1% 

61.4% 
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Analyzing the Survey 

At the conclusion of the study, I collected the student surveys and recorded the responses 

to the four questions, categorizing them based on the answers that were given to graph the data 

and compare the answers given by the students. For questions one, three, and four, I categorized 

the written responses in order to collect data (see Figure 11 below). 

Figure 11: Analyzing surveys. 

:,jl! 

Word Problems/Long Problems 24 24 

Computational Problems 10 10 

Didn't Know to Easily Solve 13 18 

No Method 0 2 

Computational Problems 28 30 
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Can't Remember the 12 Can't Remember the 4 6 
Formulas Formulas 

Need a Calculator to 10 8 Confusing/Difficult to 10 10 
Do Them Understand 

More Difficult to Do 3 4 They Are Not 14 11 
Straightforward 

12 
Picture the Problem 

Easier 7 9 Easier 4 8 

No Answer 7 6 No Answer 5 3 

No Reading 3 3 

1 5 

Results 

Quiz Results 

Following the collection and analysis of the quiz scores, there were six primary results 

evident. These results support the hypothesis that when given a choice over solving a 

computational problem instead of a word problem, students will choose the computational 

problem. 
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Result One: There was not a significant difference between the number of computational 

problems and word problems chosen. 

After recording results for each problem on the quizzes, it was determined that students 

chose a total of271 (52%) computational problems and 254 (48%) word problems to 

solve (see Appendix C for a graphical representation of the data). When determining if 

students did pick more word problems than computational problems, it was found that 

there was no significant difference (p-value=l.OO). 

Result Two: Students performed better on word problems than on computational problems. 

The number of correct solutions to the word problems chosen wa~ 225 compared to only 

168 correct solutions to computational problems (see Appendix D for a graphical 

representation of the data). By examining the group information, using the Tukey 

Method, we can conclude that there was a significant difference between the average 

score on computational problems and that of word problems, as suspected since the word 

problems were designed to be easier than the computational problems. 

Result Three: There was not a significant difference in the number of computational 

problems chosen over word problems or in the number of correct computational problems 

versus word problems for the different time limits (given one minute or given thirty seconds). 

When comparing the data collected from the quizzes where students were given one 

minute and from the quizzes where students were given thirty seconds, it was evident that 

the time limit imposed on the students when choosing five problems to complete, did not 

have an effect on the number of word problems chosen over the number of computational 

problems. The students who had one minute to pick five of the problems to complete, 

chose 124 computational problems and 116 word problems; the students who were given 
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thirty seconds to choose, selected 147 computational problems and 138 word problems 

(see Appendix E for a graphical representation of the data). 

There was also little effect on the number of word problems solved correctly 

versus the number of computational problems solved correctly. Students who were given 

one minute, correctly answered 101 word problems and 87 computational problems and 

when given thirty seconds, students answered 124 word problems and 81 computational 

problems correctly (see Appendix F for a graphical representation of the data). So, there 

was not a significant difference in the data collected between the two limits given for 

choosing the five problems to solve. 

Result Four: The majority of mistakes that the students made on both computational and 

word problems were due to carelessness. 

When examining the solutions to each problem on the quizzes, it was clear that 

occasionally students obtained incorrect solutions on computational problems and word 

problems because of careless errors. For example, with problem two (word problem): 

A farmer wants to fence in a rectangular piece of land for his 
cows. The width is going to be 90 yards and the length is going 
to be 100 yards. What is the area of the fenced in yard? 

students were to compute the area of a rectangle by using the formula 

Area = length x width -7 Area = 90 yards x 100 yards 

= 9000 yards 2 

Students who had incorrect solutions to this problem, stated that the area would be 

900 yards 2 instead. On a computational problem (problem one): 

You may leave rr in your final answer. 

~Area= 

0 
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students who made mistakes tended to not divide the diameter in half to obtain the length 

of the radius in order to substitute into the area formula for a circle. Thus their answers 

were four times higher than the correct one. 

Result Five: The most frequently chosen problem on the quiz was a computational problem. 

More than three quarters of all students (83/1 05) chose to solve problem three: 

Solve for y: 
7(y + 6)- 4y + 8 = 110. 

Approximately three out of every four students who chose this problem solved it 

correctly (62 out of the 83 students). This problem may have been the most popular 

because students involved in the study have seen similar problems all through high 

school and in their college mathematics courses. 

Result Six: The problem on the quiz that had the highest percentage of success was a word 

problem and the problem that had the lowest percentage of success was a computational 

problem. 

About a fourth of the students (27/105) chose to solve problem seven. All but one of the 

students had the correct solution. This word problem was: 

You decided to open a saving account to save up money for next year. 
In September, you put in $10 and $15 in October. But in November, you 
had to pay for your mom's birthday present which cost $8. Then in 
December, you got $50 from your grandma that you put in your account. 
By the end of December, how much money did you have saved? 

For problem one, there were 24 students (out of 105) who chose to solve this problem. 

Ofthe 24 students, only 11 (45.8%) had correct solutions. Problem one was a 

computational problem: 
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You may leave rr in your final answer. 

~Area= 

G 
The result that less than half of the students that chose to solve this problem had incorrect 

solutions does not support the results on the survey that students feel that they perform 

better on computational problems. 

Survey Results 

By conducting the survey, I was able to determine how many of the participants preferred 

computational problems versus word problems as well as seeing how many students felt more 

confident in solving computational problems over word problems and why. There were three 

major results from the analysis of the surveys. 

Result One: Students had a tendency to choose fewer word problems. 

Students were asked which types of problems they omitted when picking five of the 

problems to complete in either one minute or thirty seconds. Out of the 101 students who 

completed the survey, 48 of them claimed to have skipped the word problems while only 20 

claimed to have skipped over computational problems and the remaining skipped problems they 

did not know how to easily solve (31) and 2 had no stated method for picking (see Figure 12 

below). 
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Figure 12: Problems students discarded. 

Skipped Word Problems 48 

Skipped Computational Problems 20 

Skipped Ones They Did Not Know How to Easily 31 
Solve 
Had No Method for Picking Questions 2 

Result Two: Students feel that they do better on computational problems. 

Of the 1 0 1 students, there were 58 students who felt that they do better on computational 

problems and 43 students who felt that they do better on word problems. Of those who 

felt that they do better on computational problems, it was because they felt that word 

problems were not straightforward (25), were confusing (23), and they were not able to 

remember the necessary formulas for completing the problems (10). On the survey, one 

student said that "word problems involve a little more thinking to figure out what type of 

computational problem they involve. Computational problems spell it out for you from 

the beginning." Another student noted that "there isn't any other information that you 

don't need. I prefer number crunching." Of the students who felt they did better on word 

problems, they explained that it was because computational problems were more difficult 

to do (7), they needed calculators to do computational problems (18), and because they 

could not remember the formulas for solving computational problems (18). One of the 

students said that "I can't for the life of me remember every step of a math problem, but 

word problems give you limits and give me solid information that I know is correct" 

while another felt more confident solving word problems because "there is usually more 
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than one way to solve [word problems]-they don't have a defined 'right way' to get the 

correct answer" (see Figure 13 below). 

Figure 13: Performance on word problems versus computational problems. 

Word problems are not 
strai htforward 
Word problems are confusing 

Cannot remember the formulas 

25 

23 

10 

Computational problems are more 7 
difficult 
Need calculators to do 18 

18 
roblems 

Result Three: Most students preferred word problems because the problems were real-world. 

Of the students who preferred word problems, half of them felt that way because word 

problems offered real world applications to mathematics. The students claimed that 

when given a word problem, they could picture the problem and find the solution. On the 

survey, one student noted that word problems are "more common sense and easier to 

relate to." Other students stated that "word problems make problems easier because they 

give real-world problems and not just arbitrary numbers" and that they are able to 

"rationalize [word problems] in [their] head without having to go back to formulas all the 

time." 

Implications for Teaching 

The original hypothesis for this study was that students, when given a choice, would 

chose to solve a computational problem over a word problem even though the word problem is 

easier than the computational problem. It was also believed that students would perform better 

on computational problems versus word problems. When given a choice, there was no 
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significant difference in the number of computational problems chosen over word problems and 

students performed better on word problems. 

Implication One: Word problems should be relatable to students. 

When analyzing the survey results, it was clear that students preferred word problems 

because they could relate to them. Oftentimes, mathematics becomes just a subject that 

students must pass in school in order to graduate and they do not realize that the 

mathematics they did in school will be useful in the "real world." When teachers create 

word problems that have "real world" applications to them, students will be able to see 

the importance of mathematics and understand how it relates to more than just school 

work. Students claimed on their surveys that when given an application problem, they 

could better determine the steps to solving the problem and could "picture" the problem. 

Implication Two: More time should be spent in the classroom on solving word problems. 

Students often feel intimidated with word problems because the words overpower the 

numbers. Teachers can spend time reviewing mathematics vocabulary words with their 

students to better prepare them for understanding word problems. When students 

understand the vocabulary in word problems, they will be more likely to be able to set up 

the problem correctly after reading through it. Teachers can practice solving word 

problems with students while showing them different strategies (discussed in the 

Literature Review) to use such as highlighting or underlining important and relevant 

information. This will better equip the students for solving word problems on their own 

in the future. 
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Implication Three: Cover and review mathematical vocabulary in the classroom to help 

students better understand word problems. 

On the survey, a majority of the students claimed to dislike word problems because they 

do not like reading and cannot interpret what the problem is asking. To better aide the 

students in understanding word problems, teachers can go over any new vocabulary in 

each unit they cover. For example, when doing a statistics unit, the teacher can have the 

students make vocabulary cards that define what mean, median, and mode are. Then, 

when given a word problem involving these words, the students will be better prepared to 

set up the correct computational problem. 

Suggestions for Future Research 

There are always adjustments to studies that can be made to better strengthen a study. 

For this study, the following three changes could strengthen the results. 

Suggestion One: Adjust the time given for the students to pick the five questions they will 

solve. 

When repeating the study, the experimenter could change the amount of time students 

have to pick five out of the ten problems. For this study, the students were either given 

one minute or thirty seconds to choose. This could have allowed for the students to read 

through the problems and begin solving them in their head to see how easy or difficult a 

problem was as opposed to just instinctively picking five. Perhaps giving students fifteen 

seconds to choose five problems would yield different results since the majority of 

students will only be able to instinctively pick five problems rather than picking five 

problems that they have already started to solve. 
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Suggestion Two: Complete the study with students at different grade levels. 

This study was completed at the collegiate level. If the study were to be repeated, it 

could be done in a middle school or a high school. Students in these other grade levels 

are taking a mathematics course every year (except for maybe seniors in high school) so 

they could potentially yield different results. 

Suggestion Three: Modify the questions asked on the quiz. 

The quiz could contain different questions if the study were to be repeated. One thing 

that could be done is making all of the questions a bit more difficult, whether they are 

word problems or computational problems. Another change for the questions could be to 

have more questions overall on the quiz, perhaps ten word problems and ten 

computational problems. By changing the questions, the results would be different. 

Concluding Remarks 

The purpose behind this study was to determine if students preferred doing computational 

problems over word problems and if they felt that they performed better on computational 

problems. Based on the survey results from this study, it does appear that students prefer solving 

computational problems but the results from the quiz do not support this (almost the exact same 

number of computational problems were chosen as word problems). The results from the quiz 

also show that students performed better on the word problems which contradicts how the 

students felt they did. Going along with past research, the survey supports the claim that the 

majority of students feel that they do better on computational problems versus word problems. It 

is clear from this study that students do feel more comfortable solving computational problems 

but that they are capable of and successful at solving word problems as well. On the surveys, 

students expressed that they find word problems to be beneficial when they are real life 
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problems. When developing lesson plans, teachers can make use of this result and help students 

realize the importance of mathematics in their lives. To better meet the needs of students while 

still addressing state standards, computational problems should not take reign over word 

problems in the classroom. 
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Appendix 

A: Quiz Given to the Students in Survey of Pre-Calculus, Survey of Calculus I, and 
Mathematics in Action 

DIRECTIONS: You have TEN minutes tocomplete this quiz. Pick FIVE questions that you 

MUST do. Show all work. NO CALCULATORS! 

1. You may leave rr in your final answer. 

~ Area= 

( 7 inches \ 

2. A farmer wants to fence in a rectangular piece of land for his cows. The width is going to be 90 

yards and the length is going to be 100 yards. What is the area of the fenced in yard? 

3. Solve for y: 

7(y + 6)- 4y + 8 = 110 

4. It costs $5 to get a taxi ride to the movies and $2 per ticket. If you have $13, how many tickets 

can you buy, if you also have to pay the taxi? 

5. Carson loves playing basketball. During last season, he could sink the ball in the net 75% of the 

time. If he took 100 shots during the season, how many shots did he make? 

6. 35% of 49 is 

7. You decided to open a savings account to save up money for next year. In September, you put in 

$10 and $15 in October. But in November you had to pay for your mom's birthday present which 

cost $8. Then in December, you got $50 from your grandma that you put in your account. By the end 

of December, how much money did you have saved? 

8. Calculate 

-7985- (-13) + 4(6 + 5) -12 = 

9. You drive a 2008 Jeep Patriot that is supposed to get excellent gas mileage. You went on a 336 

mile trip on one tank of gas (your gas tank is 12 gallons). How many miles per gallon did you get? 

10. What is 

(~) + (1
9
2) 
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B: Survey Given to Students 

Survey 

1. Which types of questions did you skip over when picking five of the ten questions to do? 

2. Which types of questions do you feel you do better on: 

word problems computational problems 

3. Why do you think you don't do well on the other ones? 

4 . Which types of problems do you prefer doing and why? 

word problems computational problems 

C: Computational problems vs. word problems. 

Computational Problems 
vs. Word Problems 
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D: Correct solutions to computational problems vs. word problems. 

Correct Solutions: 
Computational Problems vs. Word Problems 

E: One minute vs. thirty seconds to choose for computational problems vs. word problems. 

Thirty Seconds to Choose 
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,,_, __ , _______ , ________________________ ___, 

One Minute to Choose 

F: One minute vs. thirty seconds for correct solutions to computational problems vs. word 

problems. 

One Minute to Choose 
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Thirty Seconds to Choose 
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