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ABSTRACT: This research was conducted to identify errors committed by students in solving word problems, determine their 

possible causes and propose corrective measures for classroom teaching. The analysis was centered on the five errors adopted 

from Newman’s Error Analysis Guide namely: reading, comprehension, transformation, process, and encoding.  

The study used a mixed-method research design. In collecting errors, the students were given a series of test questions. The results 

of the tests were compared and the specific error patterns along with the probable sources were descriptively investigated. Two 

weeks after the test, students were interviewed to identify their misconceptions and their reasoning. In the interview process, 

students were asked to explain their thinking while they were doing the same problems again. Some prompting questions were 

asked to facilitate this process and to clarify more about students’ claims. The data gathered were treated statistically using 

frequency count, mean percentage, and test concerning two means.  

Findings reveal that some of the common errors were seen to be persistent and the sources from which they derive were not 

consistent. Thus, the students’ errors occurred in varied ways in problem-solving situations. Analysis of error patterns led to the 

conclusion that the students have difficulty on algebraic symbolism and analysis of the problem. Their inability to deduce the 

correct meaning of mathematical statements further create a chain of errors on succeeding steps required of a mathematical 

word problem. 

The conclusions drawn from this investigation strongly justify the needs to recognize and to develop critical and analytical thinking 

of the students. That is, students must be expose in solving non-routine problems in order to provide them an opportunity to 

develop higher-order thinking in the process of understanding, analysis, exploration, and application of mathematical concepts. 

KEYWORDS- Routine and Non-Routine Problems, Error Analysis, Problem Solving Heuristics, Misconceptions, Mixed-Methods

I. INTRODUCTION  

Twenty-first century mathematics education is about facing novel real-world problems, nurturing creative thinking skills, and 

cultivating productive ways of learning. Many educators have embarked on searching for new teaching methods, as well as seeking 

innovations on teaching and learning to prepare the youth for the demands of this new era. Nowadays, there are many ways to 

learn and understand mathematics and connect it to the experiences that the students have outside of school (Cusco, 1995). 

Hence, educators have been shifting their views in teaching mathematics towards a more learner-centered focus where the 

students take active role in the discovery of the ideas.  

 Mathematics in the real sense is a science of space and quantity that provides opportunity for the intellectual gymnastic 

of the man's inherent powers. It is an exact science which involves high cognitive abilities. It is an important subject; its usefulness 

cuts across all spheres of life such as commerce, science, computer processing, engineering and music. However, it is quite ironic 

that something so vital is disliked and feared by so many students. Some students even consider it as a roadblock rather than a 

gateway to choosing a career. Because of this, mathematics educators are challenged to overcome hindrances to mathematics 

learning in school. Therefore, it becomes imperative for the teacher to motivate the students to love mathematics for it will 

prepare them for more challenging tasks in the future.  

 Problem solving has long been recognized as one of the hallmarks of mathematics and is now being encouraged to be 

the main activity in all mathematics classes. Students should be encouraged to work on problems that may take hours, days, and 

even weeks to solve to develop effective problem-solving activity (Mikusa, 1998). It has been observed that students lack the 
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necessary skills to engage in real-life problem solving outside the school setting. This is because students are only trained to work 

on routine problems that have well-defined goals where all the needed information are given to be able to solve a problem.  

Word problems can be classified as routine or non-routine.  According to Polya (1962), solving a routine problem does 

not contribute to the mental development of the student. He believed that non-routine problems should be employed to provide 

students an opportunity to develop higher-order thinking in the process of understanding, analysis, exploration, and application 

of mathematical concepts. However, students generally fear the idea of solving non-routine problems because these problems 

are usually non-standard and involve unexpected or unfamiliar solutions. Students also become apprehensive, anxious, and 

uncomfortable since they are not able to recall and apply learned procedures in a straightforward manner.   

It is further noted that common errors in mathematics are held not only by low achieving students but also by high 

achieving students, thereby hindering the learning process (Wetzel, 2008). It is also observed that students, particularly those who 

belong to the lower and upper quartiles of the class, commit minor and major errors in computation. These errors arise from their 

lack of mastery and misconceptions in solving problems, thereby hindering their mathematics proficiency. Thus, teachers need to 

look for these patterns and correct such by making students realize that these are indeed errors in need of correction. Thinking 

along this line, the researcher’s question about the students’ common errors in solving word problems becomes the impetus for  

this research study. 

 

II. RESEARCH PROBLEMS 

The main purpose of this study is to identify the error patterns and misconceptions of the students in solving word problems. 

Specifically, this study sought to provide answers to the following queries:  

1. What are the common errors committed by students in solving routine and non-routine problems?  

2. At what stage do the high and low achieving students commit the least and greatest error in solving routine and non-

routine problems?  

3. Are there significant differences between the high and low achieving groups in solving routine and non-routine problems 

with respect to: 

A. Error patterns 

B. Percentage of errors committed at each stage? 

 

III. CONCEPTUAL FRAMEWORK 

Most of the times, students do not understand why they are having math problems (Wijaya, 2006).  Students may struggle with 

one or more areas in math and thereby, make errors as they attempt to solve word problems (Russel, 2006). As cited by Li (2006), 

Booth (1988) pointed out that one way of trying to find out what makes mathematics difficult is to identify the kinds of errors 

students commonly make in this subject and investigate the reasons for these errors. This was echoed by White (2000) who 

recommended conducting error analysis to determine why students make the mistakes and often repeat the same mistake will 

minimize habitual errors.  

One guide for analyzing students’ error in solving word problem is the Newman’s Error Analysis (NEA). White (2005) notes 

that Newman’s Error Analysis (NEA) provides the framework in identifying the reasons that underlie the difficulties learners face 

in solving math problem. He explained that NEA allows the analysis of potential problems and then identifies ways to resolve these 

problems. The conceptual model (refer to figure 1), highlights the concept that when learners confronted word problems, they 

have to surmount a number of hurdles including reading, comprehension, transformation, process, and encoding.  

Reading errors are committed when someone could not read a key word or symbol in the written problem to the extent 

that this prevented him from writing anything on his solution. Comprehension errors are committed when someone had been 

able to read all the words in the problem, but had not grasped the overall meaning of the words. Transformation errors are 

committed when someone had understood what the problems wanted him to find out but was unable to identify the operation, 

or sequence of operations or the working equation needed to solve the problem. Processing errors are committed when someone 

identified an appropriate operation, or sequence of operations or the working equation but did not know the procedures 

necessary to carry out these operations accurately. The encoding errors are committed when someone correctly worked out the 

solution to a problem, but could not express this solution in an acceptable written form. 
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Word Problems 

o Routine 

o Non-Routine 

 Stages in 

Problem Solving 

 Error Categories 

Reading Reading Errors 

Comprehension Comprehension Errors 

Transformation Transformation Errors 

Processing Processing Errors 

Encoding Encoding Errors 

 

IV. METHODOLOGY 

The nature of the research problems raised in this investigation lend themselves to a mixed method design which is characterized 

by the collection and analysis of quantitative data followed by the collection and analysis of qualitative data (Creswell, 2003). 

Typically, the purpose of a mixed method design is to use qualitative results to assist in explaining and interpreting the findings of 

a primarily quantitative design. The initial quantitative phase of the study may be used to characterize individuals along certain 

traits of interest related to the research questions. These quantitative results can then be used to guide the purposeful sampling 

of participants for a primarily qualitative study. The findings of the quantitative study determine the type of data to be collected 

in the qualitative phase (Gay, Mills and Airasian, 2006).  

Consistent with mixed-method design adopted in this study, a combination of quantitative and qualitative measures were used 

to collect data to answer the research questions raised in the preceding chapter. In the quantitative part of this study, the 

researcher used a test instrument to identify and classify student errors. A total of 10-item problems solving test were used in the 

study as part of the subject course requirements in Math 4: Solid Mensuration. Interviews were then be conducted to unravel 

students’ reasoning and misconceptions that resulted in such errors in the qualitative part of the study. In this study, an interview 

technique guided by Newman’s Error Analysis was used to further clarify the errors made by the students and the reasons for such 

errors. A key assumption in this interview technique is that the types of errors students make will be consistent from one problem 

to another. 

 

The procedure can be described as follows: Metacognitive questions are shown in italics.  

Classification Typical questions Error classification 

Reading Please read the question to me. 

 If you don’t know a word, leave it out. 

The student could not read a key word or symbol in the 

written problem to the extent that this prevented him/her 

from proceeding further along an appropriate problem-

solving path. 

Comprehension Tell me what the question is asking you to 

do. 

What do you mean when you say…? 

The student has been able to read all the words in the 

question, but has not grasped the overall meaning of the 

words and, therefore, was unable to proceed further along 

an appropriate problem-solving path. 

Transformation Tell me the method you can use to find an 

answer to the question. 

How will you start to find an answer to 

this question? 

The student had understood what the questions wanted 

him/her to find out but was unable to identify the 

operation, or sequence of operations need to solve the 

problem. 

Process skills Show me how you worked out the answer 

to the question. 

Explain to me what you are doing as you 

do it. 

Do you know you are right? Why? 

The student identified an appropriate operation, or 

sequence of operations, but did not know the procedures 

necessary to carry out these operations accurately. 

Encoding  Now write down your answer to the 

question. 

How confident do you feel about the 

answer? 

The student correctly worked out the solution to the 

problem, but could not express this solution in an 

acceptable written form. 
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V. RESULTS 

A. Students’ Errors in Solving Routine Problems 

Generally, in solving routine problems, about 3 to 6 high achieving students made errors along encoding. These students 

were able to understand the problem and perform accurate calculation but failed to indicate the unit and simplify the final answer. 

Moreover, 0 to 3 students go beyond transformation level but failed to perform accurate calculation correctly. These errors were 

made due to some misconceptions and misunderstandings in some mathematical concepts. This was corroborated with the claim 

echoed by David (2007) as cited by Colendra (2009) that errors committed by the students is the product of misconceptions and 

weak computational fluency. In addition, 0 to 2 students committed transformation errors. These students could interpret the 

problem but could not fully translate the sentence “the length is three times its width” into mathematical sentences.  This result 

agree with the study of Ragma (2014) revealing that most of the transformation errors made by students were due to insufficient 

understanding of mathematical expressions and poor skills along mathematical translation. It is also good to note that no high 

achieving student committed errors along reading and comprehension stages. 

On the other hand, about 1 to 10 low achieving students made mistakes along encoding. Though these students fully understand 

the problem and perform perfect calculation, they were failed to indicate the unit in their final answer. Moreover, 1 to 9 students 

committed errors along the process stage. These students went beyond transformation level, but failed in working the correct 

solution. About 1 to 4 students made errors along transformation. Most of them made errors in translating mathematical 

sentences into mathematical expressions. This finding relates to the study of Colendra (2009) revealing that low achieving students 

failed to translate word problems into corresponding mathematical sentences.  

B. Students’ Errors in Solving Non-Routine Problems 

In solving non-routine problems, about 2 to 8 high achieving students committed mistakes along processing stage. These students 

were able to understand what the questions wanted them to find out and identify series of operations or formulate the working 

equations needed to solve the problem however, failed to correctly write the solution. These results agree with the study of Ragma 

(2014) revealing that most of the students committed processing errors along word problems involving algebra concepts. He 

stated that the students lacked critical analysis as to when and how to end the mathematical process correctly. About 0 to 3 

students made mistakes along comprehension. These students failed to understand the problem and most students left the 

problem unanswered. This means that the students did not know what to do and what the problem is talking about. These 

corroborates with the findings of Hall (2007) emphasized that most students who find difficulty in understanding the problem 

often abandon solving such problems.  

Contrariwise, about 4 to 9 low achieving students were able to go beyond reading level but failed to completely and 

correctly understand the problem. Most comprehension errors occur when students do not understand mathematical sentences 

and terms used and some students often misunderstood what the questions wants. This weakness is probably due to the lack of 

balance between understanding of mathematical concepts and arithmetic skills. The findings run parallel to Zacaria (2010) 

divulging that students always make errors in understanding the terms used in the problem since the mathematical terminology 

is being ignored. This confirms that lack of proficiency in English is indeed a hindrance in mathematics learning. Furthermore, 1 to 

4 students made processing errors. These students failed to understand and describe what is being required in the problem. Most 

students did not manage to perform appropriate method, thus results in failure to solve the problems. The students also failed to 

do computation correctly and perform operations involving algebraic expressions.  

C. Differences in the Error Patterns by High and Low-Achieving Students  

To investigate differences of patterns of errors among groups compared, test concerning two means was carried out. The 

two groups involved in this investigation were compared in terms of the errors they committed at each stage of problem solving 

process. Doing this may clarify if error patterns of the results may be connected to the students’ achievement. It is of great interest 

in this study to better understand the convergence and divergence of high and low-achieving students’ errors in solving word 

problems.  

 It can be seen in Table 1 that in solving word problems, the errors usually committed by the students in the high achieving 

group and low achieving group had significant differences. At 0.05 level of significance, the p-values confirm that the differences 

among students’ achievement and pattern of errors they made at each stage are statistically significant. These results support the 

hypothesis that the pattern of errors committed by high achievers and students from the lower group significantly differ. Hence, 

there is variability of errors were committed by students when grouped according to their achievement as they solve word 

problems.  
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Table 1. Differences in the Error Patterns of the Students in Solving Word Problems (by group: high and low group) 

Error Patterns 

(by group-high and low) 

Routine Problem Non-Routine Problem 

Mean t-value p-value Mean t-value p-value 

Reading Error - - - - - - 

- - 

Comprehension Error - - - 3l 5.6308 0.0000** 

- 0.67h 

Transformation Error 1l 2.6018 0.0163** 1.08l 3.0890 0.0054** 

0.333h 0.08h 

Processing Error 1.167l 2.612 0.0159** 2.4167l 2.4881 0.0209** 

0.5833h 1.5h 

Encoding Error 1.9167l 2.2930 0.0077** 1.4167l 4.0206 0.0006** 

1h 0.333h 

               **Significant at 0.05 level of significance 

         Note: Superscript indicates the mean number of errors of the two groups (e.g., h-high group and l-low group) 

D. Differences in the Number of Errors Committed by High and Low-Achieving Students  

It may also be recalled that students’ errors in solving word problems were analyzed using Newman’s Error Analysis Guide. This 

guide involves series of stages where students usually committed errors as they solve mathematical problems. Number of errors 

can be drawn at each stages in solving word problems from the combined solution of the two groups of participants.  

Apparently, it is the interest of this study to better understand differences of the number of errors committed at each 

stage of the participants who were dichotomized as high and low achieving group. That is, they were classified as members of the 

high-achieving group as their grades fall in the third quartile (upper 25%) and to the low group as their grades are in the first 

quartile (lowest 25%). Doing this may elucidate if number of errors at each stages may be connected to students’ achievement. 

To investigate differences among groups compared, test concerning two means was utilized. 

As explicitly suggested by the data captured by Table 2, at 0.05 level of significance, the solution submitted by the 

students in solving word problems reveals that there is a significant difference between the number of errors made at each stage 

by high achieving students and students working with the lower group. That is, number of errors committed by students from the 

two groups are significantly varied. The indicated p-values tested at 0.05 level of significance, are all statistically significant.  

 

Table 2: Differences in the Number of Errors Committed at Each Stage in Solving Word Problems (by group: high and low 

achieving) 

Stages 

 

Routine Problem Non-Routine Problem 

Mean t-value p-value Mean t-value p-value 

Reading  - - -  - - 

-  

Comprehension  - - - 0.7h 9.2159 0.000** 

- 6.2l 

Transformation  0.6h 4.5537 0.0002** 0.8h 2.6783 0.0137** 

2.8l 1.9l 

Processing  1.1h 4.5388 0.002** 1.8h 3.4123 0.0025** 

3.0l 3.2l 

Encoding  3.0h 3.1920 0.0042** 1.3h 5.0187 0.0004** 

4.5l 3.5l 

                              ** Significant at 0.05 level of significance 

                   Note: Superscript indicates the mean number of errors of the two groups (e.g., h-high group and l-low group) 

 

V. CONCLUSIONS  

One of the goals of this investigation was to identify and compare errors committed by students in solving word problems. This 

investigation is classified as mixed-methods design which tried to capture the strengths of both quantitative and qualitative 

research. Consistent with this end, students were bifurcated into high and low achieving group. As discussed in the preceding part 
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of this study, participants belonging to high group were those whose general weighted average belonged to the first quadrant, 

whereas members of low group were those whose grades belong to the fourth quadrant.   

The data were obtained by means of two sets of word problems which were administered in one time point. Error analysis 

was done by adopting Newman’s Error Analysis Guide. Statistical calculations such as frequencies, percentages, means, standard 

deviations, and test concerning two means were used to analyze the data gathered. 

The analyses suggest the errors usually made by the students in solving routine and non-routine problems varied, hence it can be 

deduced that students have difficulty in dealing with non-routine problems which involve unexpected and unfamiliar solutions 

and requires higher-order thinking in the process of understanding, analysis, exploration, and application of mathematical 

concepts. It is also good to note that students working with the higher group committed lesser errors than their counterparts in 

solving mathematical problems. Therefore, mathematics educators may need to be reminded once again that they can design 

learning experiences in mathematics classroom which enable students to manifest deeper understanding of mathematical 

concepts and develop their numerical skills. This is to realize the goal of improving students’ mathematics achievement and to 

reduce mathematical errors. Moreover, Mathematics teachers are likewise recommended to expose their students in solving non-

routine problems since the analyses revealed that students generally fear the idea and feel uncomfortable in working this type of 

problem. That is, mathematics educators must recognize the need to develop critical and analytical thinking of the students 

through problem solving. 
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