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 Word problems continue to be a challenge for students today. All students 

must meet the prerequisites for problem solving and reasoning skills, which 

are important components of the critical thinking component of 21st century 

skills. This study is being conducted to assess students’ strategies for solving 

word problems with numbers, consecutives, and ages. The Rasch model is 

used to analyze the item difficulty level of word problems and students’ 

strategies for solving ten-word problems at various levels of item difficulty in 

a similar trait. Then, Pearson correlation analysis is used to investigate the 

item difficulty level in relation to linguistic, algebraic, and arithmetic factors 

of word problems before evaluating students’ performance on solving these 

word problems using various strategies. Rasch model found these algebraic 

word-problem questions are slightly harder for year 8 Malaysian students in 

relative to an international standard. Meanwhile, the item difficulty of word 

problems is driven by linguistic and algebra factors where students can score 

accurately if the word problems contained explicit information. However, the 

students encountered difficulties while losing their solution strategy when the 

questions contained implicit data that demanded critical thinking ability. 
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1. INTRODUCTION  

In 2013, the Ministry of Education Malaysia introduced the Malaysian Education Blueprint 2013-

2025, which established visions and aspirations for education systems as well as aspirations for Malaysian 

students to have 21st century skills in order to compete in the modern labor market. One of the Malaysian 

education system’s system aspirations is to have a quality education system which capable of placing Malaysia 

in the top third of countries in international assessments such as the program for international student 

assessment (PISA) and the trends in international mathematics and science study (TIMSS) in 15 years. 

Furthermore, Malaysian students are aspired to be globally competitive, with knowledge, critical thinking 

skills, leadership abilities, and bilingual proficiency [1]. 

According to recent PISA 2018 reports, Malaysian students scored lower than the average countries 

of the Organization for Economic Cooperation and Development (OECD) in reading, mathematics, and 
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science, despite the fact that Malaysia achieved relatively higher mean mathematics and science performance 

than PISA 2012 [2]. Malaysian students' underperformance in PISA 2018 is attributed to curriculum, teaching 

quality, teacher welfare, and parental involvement, all of which have a significant impact on student 

performance [3], [4]. According to previous studies [4], [5], students' thinking and answering processes are 

becoming increasingly diverse, and students are unable to perform in international assessments that required 

high order thinking skills (HOTS) responses. Similar findings in the TIMSS were reported by Tajudin and 

Chinnappan [6], indicating that most high school students in Malaysia continue to perform below expectations, 

particularly in cognitively demanding tasks. 

Furthermore, Perera and Asadullah [7] discovered that the incorporation of creative and critical 

thinking skills in the curriculum is limited in Malaysia, causing Malaysian students to perform poorly in the 

PISA assessment when compared to Singapore and Korea. The critical thinking skill is an important element 

of the 21st century learning skills and this skill can be developed through problem solving which requires the 

ability to solve problem effectively by using knowledge, facts, and data. For example, in mathematic syllabus, 

there is mathematical word problem solving questions which educates the students to use their critical thinking 

skills for the solutions.  

According to previous studies [8]–[11], mathematical word problem solving is considered a hurdle 

for the students due to the learners’ negative attitude, mindsets and interests in mathematics. On the other hand, 

another studies found word problems to be boring, difficult, and lacking in enjoyment while learning [10], [12], 

after collecting this information through questionnaires and interviews with the participants. Besides that, there 

are numerous factors, including linguistics comprehension and numerical complexity that contributed to the 

difficulty of the word problem [13]–[16]. 

To assess students' ability to solve word problems, a test instrument will be developed in which item 

tests were adapted from respective textbooks or reference books that correspond to their Mathematics syllabus, 

with the assistance of content experts determining the item difficulty based on their predefined perspectives 

[11], [17]–[19]. Furthermore, the performance of students on algebraic word problem-solving skills was 

determined and analyzed based on mean scores of the test instrument [11], [17], [18] which were thought to 

have limitations in the information that could be extracted from these studies. This does not adequately explain 

or represent the algebraic word problem-solving abilities of Malaysian students. 

As a result, this study evaluates a group of year 8 students in order to gain insight into the ability of 

algebraic word problem solving among Malaysian students. Rasch model analysis was used to categorize the 

item difficulty level of ten-word problems containing numbers, consecutives, and ages, which is then 

investigated from the perspectives of linguistic, algebraic, and arithmetic factors by using Pearson correlation 

analysis. Rasch analysis was also used to evaluate the students' ability to solve word problems of varying 

difficulty in a similar characteristic. Because students cannot be solved without going through critical stages 

of the complicated problem-solving process as summarized by Depaepe et al. [20], the item tests in this study 

were designed as more difficult typed-word problems. According to Ibrahim et al. [19], the difficulty level of 

word problems as reflected in students' word problem solving performance was investigated in this study, 

which included the steps of how students interpret transfer situations, the socially situated nature of classroom 

transfer processes, and how learning transfer is carried out. This is followed by additional research into the 

relationship between arithmetic and algebraic knowledge -based solution strategies used by Malaysian students 

when solving word problems of varying difficulty. 

Thus, a variety of word problems with varying degrees of difficulty are evaluated as item-level 

difficulty of word problems in order to investigate the characteristics of word problems from the perspectives 

of linguistic, algebra, and arithmetic factors, and to assess students' capabilities to solve word problems through 

their arithmetic and algebra knowledge. Previous research on these relationships relied heavily on basic 

arithmetic word problems [21]–[25]. Therefore, procedural knowledge with arithmetic numbers is applied in 

this study as to represent the algebra skill in solving word problems. Furthermore, representation and fluency 

in interpreting the mapping of symbols and variables to word problems are required. The Rasch model allows 

for the determination of item characteristics such as item difficulty level for word problems based on the 

probability of a correct response at a given level of participant capability. The goal of this research is to answer 

the following research questions: Is there any relationship between the linguistic, algebraic, and arithmetic 

properties of the word problem with the item characteristics? Can the arithmetic and algebra skills of students 

be used to predict their ability to solve word problems? 

 

 

2. RESEARCH METHOD 

2.1. Participants and overall design 

A total of 236 students who aged in between 13 and 14 years old from an international school in 

Malaysia were participated in this work. Before enrolling in this international school, these students completed 
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their primary education at various Primary Chinese schools located throughout Malaysia’s Klang Valley. There 

were 127 male students (53.8%) and 109 female students among the eighth-grade students from eight classes 

(46.2%) where the participants were consisted of 233 Chinese students (98.73%), an Indian student (0.42%), a 

Malay student (0.42%) and a Eurasian student (0.42%). Due to the sensitive ethical issue, all the name of the 

students will be converted into number regardless of their gender during data processing. 

 

2.2. Instrument 

The ten-word problems are created by adapting questions from international school mathematics 

textbooks and presented on paper and pencil. While the complexity of algebraic word problems varies, they 

are classified as algebraic because they usually require the use of letter-symbolic algebra to solve the word 

problems, including number problems, consecutive problems, and age problems. Thus, one unknown will be 

provided in the first category of word problems, where the unknown values can be derived from the known 

values by performing the arithmetic operations specified in the problem. Meanwhile, for the second and third 

categories of word problems, both necessitate the combination of multiple unknowns, which cannot be easily 

solved by performing the arithmetic operations as described in the problem directly from the known value. The 

difference between the third and second categories was that the third category typed questions required non-

routine thinking to deduce the solution from a more difficult word problem. The word problems test was 

distributed to the students during the mathematics lesson in the classroom. Each group's students were 

evaluated individually for 45 minutes. 

 

2.3. Measure 

Simple letter-symbolic algebra and arithmetic methods are used to solve these word problems. 

Students were required to answer all questions and demonstrated all their working solutions. The accuracy 

score was determined by the number of word problems answered correctly. Meanwhile, arithmetic intrusions 

are used as a strategy use metric, referring to the percentage of attempted questions answered using non-

algebraic methods. Each question's solution was coded exclusively as “algebraic”, “arithmetic” or “no strategy” 

based on the overall solution. Classification of the question’s solution is not based on the initial problem 

representation but referred to the steps taken to arrive at the answer. For example, if a solution started with a 

model diagram followed by guess- and-check procedures, it is categorized as “arithmetic”. If the diagram is 

followed by an algebraic expression and the unknown solved via equivalent equations, the solution is 

considered as “algebraic”. In addition, if a solution started with some attempt at an algebraic expression (e.g., 

let the weight of the dog be X) but contained no equation or other symbolic notation, then it is labeled as 

“arithmetic”. The arithmetic and mix solutions were belonged to the non-algebraic methods. Meanwhile, “no 

strategy” is referred to the “solutions” with no discernible strategies. The results of the test are then utilized as 

data in this study. This set of algebraic word problems will be used to examine the students' algebraic and 

arithmetic knowledge. 

 

2.4. Analysis 

The analyses used in this study are divided into two phases. The first phase will be investigating the 

item characteristics and employing Rasch model to categorize these word problems based on their difficulty 

levels by using the Winsteps version 4.8.2.0. This is followed by determining the correlation of the item 

difficulty level with the linguistic, algebra and arithmetic factors. In the latter phase, students’ preference for 

solving algebraic word problems either by adopting algebra or arithmetic methods, as well as students who 

failed to solve the word problems, are analyzed using the descriptive statistics as generated by IBM statistical 

package for the social sciences (SPSS) version 25. 

 

 

3. RESULTS AND DISCUSSION 

3.1. Item difficulty level of word problem 

There was a total of 10 questions in this algebra and arithmetic based word problems’ test with some 

of the questions have an additional one or two sub-questions which required students to show their calculations. 

The purpose of this word problem’s test was to access students’ understanding on solving algebraic and 

arithmetic based word problems. Students could use either algebra or arithmetic methods to solve these word 

problems. Software WINSTEPS version 4.8.2.0 is employed to perform the Rasch measurement on the 

dichotomous responses where students who can answer the word problems correctly will be denoted as (1). 

However, students who was failed to solve the math problems will be assigned as (0). In the Rasch 

measurement, Cronbach alpha value for the item and person reliability; and variable map regarding the 

student’s ability on solving the word problems at various level of item difficulty in a similar scale is analyzed. 



Int J Eval & Res Educ  ISSN: 2252-8822  

 

Rasch model assessment of algebraic word problem among year 8 Malaysian students (Ku Soh Ting) 

1091 

The person-item distribution map (PIDM) represented the distribution of item difficulty and students’ 

ability to answer the algebra and arithmetic questions correctly on a same logit scale. The ability of students to 

respond correctly in the test is listed on the left side of the PIDM while the item difficulty is itemized on the right 

side of the map. Higher logits on the left map indicate students with higher ability to answer the test correctly 

while the most difficult item is represented by highest logits on the right map and vice versa Figure 1. 

 

 

 
 

Figure 1. The person-item distribution map 

 

 

Based on Figure 1, the mean of student’s ability (M) is −0.60 logit which is observed lower than the 

averaged of the set items (0 logit), explaining that the item difficulty in the test is slightly harder for a year 8 

Malaysian student, causing the performance of the students to be lower than the expected performance. Thus, 

some mediocre questions are required to fill in the gap between the N5 and N7 items as there was a big gap 

between these item difficulties to obtain more precise information about the students’ understanding on algebra 

and arithmetic based word problems. Moreover, a difficult question is also required in between N9 and N10 

items since the distribution of these item difficulties displayed larger than 0.5 logit [26]. As shown in PIDM 

(Figure 1), N4 (logit=3.10) and N6 (logit 3.01) items are most difficult word problem questions for these  

year 8 students. About 6 students (2.5%) managed to score this test with an excellent score. Meanwhile, N2 

item (logit= −3.66) is easiest word problem question and most of the students were able to answer this question 

except 5 students (2.1%).  

Figure 2 shows the comparison of person reliability between (Non-Extreme) person who summarized 

persons with non-extreme scores that excluding zero and perfect scores; and the (Extreme and Non-Extreme) 

person where it referred to person with all estimable scores that including zero and perfect scores. As a result, 

person reliability for 230 students under the (Non-Extreme) category is 0.56. Addition of one student who 

scored perfectly or in the top of categories and five students who has minimum extreme scores contributed to 

the increment of person reliability to 0.62 which can be observed under the (Extreme and Non-Extreme) group 

as predicted by Rasch model. In comparison to Cronbach alpha value of 0.64, the person reliability obtained 

from Rasch analysis (0.62) is slightly lower, indicating that the raw scores reproduce fair reliably as 236 

students completing the word problem test. However, the low value of 1.27 on student’s separation indicated 

that this test is not sensitive enough to distinguish between high and low achievement by students on algebra 

and arithmetic based word problem where more item difficulties are needed to fill in the gap between N5 to 

N7 as well as N9 to N10 item difficulty as shown in Figure 1 [26]. 
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Figure 2. Summaries of persons 

 

 

Meanwhile, the reliability of item difficulty for 10 items in the word problem test as measured from 

Rasch analysis is 0.99 which is high with large item separation value of 10.27 as shown in Figure 3. This means 

that this test has wide item difficulty variance and is large enough to precisely pinpoint the different level of 

word problems’ item difficulty hierarchy on the latent variable [26]. It is also reproducible to measure the 

understanding of the students on algebra and arithmetic based word problems. This agrees with the suggestion 

from previous study [27], where the ordering of item difficulty is replicable with different sets of students if 

the item reliability measured is high [27]. 

 

 

 
 

Figure 3. Summaries of items 

 

 

The point measure correlation (PTMeasure Corr.), infit and outfit mean square (MNSQ) are used to 

measure the item validity. According to the item statistics in correlation order (Table 1), all the items displayed 

positive value of PTMeasure Corr. (x) and within the range of 0.4<x<0.8, except the N4 item with PTMeasure 

Corr. value of 0.34 which is found outside the acceptable range. Positive value of PTMeasure Corr. showed 
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that no item should be removed from this word problem test. According to Bond and Fox [28], an item would 

be dropped or refined if the PTMeasure Corr. appeared in negative value since it showed that this item is unable 

to measure the construct or the item exhibits discriminant validity [29]. In addition, the high PTMeasure Corr. 

indicated that these items could be used to distinguish between the ability of the students on solving algebra 

and arithmetic based word problems. 

An item would be considered misfit when these three parameters (PTMeasure Corr., MNSQ and 

ZSTD) are not within the ranges. The outfit MNSQ is more sensitive to the unexpected behavior by students 

on items far from the student’s measure level where it is represented by the y-value within the range of 

productive of measurement of 0.5<y<1.5 [26]. However, Bond and Fox [28] suggested that the infit and outfit 

MNSQ values should lied in between 0.6<y<1.4, in order to determine the suitability of the item constructed. 

The latter item is referred confusing if more than 1.4 logit while an item with logit lower than 0.6 is believed 

to be too simple as expected by the students. Based on Table 1, the N1, N4 and N6 items did not have outfit 

MNSQ within the range. Meanwhile, only N1 and N8 items are having outfit ZSTD (z) not in the fit range of 

-2<z<2. As a result, none of these items (N1, N4, N6, and N8) have the values out of fit for all three parameters, 

thus these items are still considered fit in range and do not require further reviewed or omitted. 

 

 

Table 1. Item statistics in correlation order 

Items Difficulty 
Infit Outfit 

PTMeasure Corr. 
MNSQ ZSTD MNSQ ZSTD 

N4 3.10 1.07 0.37 1.54 0.99 0.34 

N6 3.01 0.88 −0.50 0.45 −1.04 0.44 

N10 2.43 1.05 0.33 0.96 0.06 0.40 
N9 1.22 1.12 1.23 0.99 0.06 0.46 

N8 0.63 0.75 −3.17 0.56 −2.46 0.65 

N7 −0.18 0.85 −2.02 0.96 −0.21 0.62 

N5 −1.86 0.88 −1.47 0.99 0.03 0.58 

N3 −2.04 1.11 1.20 1.27 1.05 0.48 

N1 −2.65 1.15 1.36 1.76 2.15 0.42 

N2 −3.66 1.07 0.46 0.91 −0.07 0.42 

 

 

3.2. Item difficulty level of word problem characteristics concerning situation model and numerical 

model 

The item difficulty was estimated using Rasch modelling. Next, the relationship between the item 

difficulty level with the respective linguistic, algebra and arithmetic factors of word problems were studied 

through Pearson correlation, and their information are summarized in Table 2. The item difficulty level 

estimates are centered at 0 logit [30]. Therefore, the negative logit indicates relatively easy items, while the 

positive logit representing the difficult items. The order of items was arranged based on their difficulty level, 

from the most difficult item (N4) to the easiest item (N2) which determined from the Rasch modelling. 

 

 

Table 2. Item difficulty and other properties 

 Linguistic Algebra  Arithmetic  

Items 
Difficulty 

level 
Logits 

Linguistic factor 

(No of words) 

Implicit 

Info 

Number of 

variables 

Determine variables 

relationship within problem 

Mathematical 

operation required 

Solving steps 

required 

N4 Very 

difficult 

3.1 32 Yes 2 Implied d, s, m 3 

N6 3.01 18 Yes 2 Implied m, a, s 3 

N10 Difficult 2.43 36 Yes 5 Implied a, s, m 4 
N9 1.22 24 Yes 4 Implied a, m 4 

N8 Mediocre 0.63 20 No 3 Explicitly a 5 

N7 -0.18 8 No 2 Explicitly a 3 
N5 Easy -1.86 13 No 2 Explicitly a, s 4 

N3 -2.04 18 No 1 Explicitly s, m 2 

N1 Very easy -2.65 12 No 1 Explicitly s, d 1 
N2 -3.66 12 No 1 Explicitly a, m 2 

 

 

In overall, the results showed that the association between word problems properties concerning 

linguistic and algebra with their respective item difficulty is simple and straightforward, but the arithmetic 

factor displayed the contradict results. Based on Table 3, there was a significant positive relationship between 

the number of words (linguistic factor) and the item difficulty (r(8)=0.72, p=0.019). Within these word 

problems, the need for realistic considerations did explain the difficulty, because the four-word problems 

requiring realistic consideration where N4, N6, N10 and N9 items were located at the ends of the difficulty 
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dimension. Furthermore, the implicit information appeared to explain the difficulty of word problems where 

the four-word problems with the highest difficulty value had an implicit information. However, the rest of the 

word problems with lowest difficulty values (N1, N2, N3, N5, N7 and N8 items) contained explicit information 

which was clearly stated or explained and there is no room for confusion. 

Other than that, there was a significant positive relationship between the number of variables (algebra 

factor) and the item difficulty (r(8)=0.631, p=0.05). Within these word problems, the need for realistic 

considerations did explain the difficulty, owing to the five-word problems requiring realistic consideration (N4, 

N6, N9 and N10 items) were found located at the ends of the difficulty dimension. Moreover, the implied 

variable relationship appeared to explain the difficulty of word problems where the four-word problems with 

the highest difficulty value had implied relationship within variables. Meanwhile, the rest of the word problems 

with lowest difficulty values (N1, N2, N3, N5, N7 and N8 items) had explicitly relationship within variables. 

Neither the number of mathematical operations (r(8)=0.078, p=0.83) nor the solving steps (r(8)=0.53, p=0.115) 

is correlated significantly with the item difficulty. As a result, the existence of the arithmetic factor of the 

number of mathematical operations and the solving steps did not distinguish between easy and difficult types 

of word problems. 

 

 

Table 3. Pearson correlation between item difficulty with linguistic, algebra and arithmetic 
  Linguistic 

factor 

Item difficulty 

(logits) 

Number of 

variables 

Solving steps 

required 

Number possible 

operation required 

Linguistic factor Pearson correlation 1 .720* .697* .406 -.105 

Sig. (2-tailed)  .019 .025 .244 .774 

N 20 10 10 10 10 
Item difficulty 

(logits) 

Pearson correlation .729* 1 .631 .530 .078 

Sig. (2-tailed) .019  .050 .115 .830 

N 10 10 10 10 10 
Number of 

variables 

Pearson correlation .697* .631 1 .742* .191 

Sig. (2-tailed) .025 .050  014 .596 

N 10 10 10 10 10 
Solving steps 

required 

Pearson correlation .406 .530 .742* 1 -.013 

Sig. (2-tailed) .244 .115 .014  .972 

N 10 10 10 10 10 

Number possible 

operation required 

Pearson correlation -.105 .078 .191 -.013 1 

Sig. (2-tailed) .774 .830 .596 .972  

N 10 10 10 10 10 

*. Correlation is significant at the 0.05 level (2-tailed) 
 

 

3.3. Word problem solving strategy relates to algebra and arithmetic 

Following that, the students' strategies for solving word problems are investigated, with solutions 

chosen by students for each question is classified as algebraic, arithmetic, or no strategy as summarized in 

Table 4. There are six questions about number-based word problems where each with a different level of 

difficulty. The N4 and N6 items being the most difficult while the N1, N2, N3, and N5 items being the easiest. 

Except for N5 item where there were 64.8% of students employed arithmetic strategy, majority of students 

chose algebra strategy to solve these number-based word problems especially for N1, N2 and N3 items. 

However, it is found that N4 and N6 items had the lowest percentage of correct responses (6.8% and 7.2%, 

respectively), although an average group of students (about 42% to 72%) selected algebra strategy to solve 

these items. In contrast, students achieved more than 71% correct responses for the easier N1, N2, and N3 

items where more than 94% of students adopted algebra method to solve these items.  

Students are noticed to be struggled with most difficult N4 item, since it required procedural 

knowledge in algebra to solve the equation of (
𝑛

2 
 -25=3n). Students are believed struggling to remove the value 

of 2 from 
𝑛

2 
 fraction where students know to double the value of 25 but did not double the value of 3n. 

Moreover, our findings also found that N6 item has low correct response of 7.2%. The phrase "16 less than 9 

times the number" in the N6 item is believed to be misinterpreted by students as "16-9n" rather than "9n-16." 

Due to this common error, 42.4% of students solved this number-based word problem using algebra strategy. 

As for N5 item, it is observed that 64.8% of students preferred to solve this item using arithmetic method. 

Therefore, students can solve the number-based word problems utilizing arithmetic and logical thinking, as 

evidenced by these results. 

For N10, N9, N8 and N7 items, findings shown that students are having difficulty with age- and 

consecutive-based word problems which relied heavily on arithmetic strategies. Although students selected 

arithmetic approach to solve these items, but the percentages of accuracy are remained low. The correct 
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response percentages for consecutive-based word problems, N7 (41.9%) and N8 (29.7%) items are found two 

times higher than that of respective age-based word problems, N9 (22%) and N10 (10.6%) items. The difficulty 

in solving these age- and consecutive-based word problems is owing to lack of comprehension of the text and 

an inability to define the variables. Due to the variables are not explicitly stated, students are unable to connect 

them to construct the equation.  

 

 

Table 4. The performance of students on solving different types of word problems using various strategies 
Word problem Performance Strategy in solution 

Items Types wrong (%) correct (%) No strategy (%) Algebra (%) Arithmetic (%) 

N4 Numbers 93.2 6.8 11 72 16.9 

N6 Numbers 92.8 7.2 38.6 42.4 19.1 
N10 Age problem 89.4 10.6 30.1 19.9 50 

N9 Age problem 78 22 16.5 21.2 62.3 

N8 Consecutives 70.3 29.7 33.9 9.3 56.8 
N7 Consecutives 58.1 41.9 17.8 8.5 73.7 

N5 Numbers 31.4 68.6 6.4 28.8 64.8 

N3 Numbers 28.8 71.2 1.3 98.7 - 
N1 Numbers 21.2 78.8 4.2 94.5 1.3 

N2 Numbers 11.9 88.1 - 99.6 0.4 

 

 

For consecutive-based word problems (N7 and N8 items), students are unable to connect the variables 

of even consecutive numbers in equations, for example three even consecutive numbers, should return them in 

the form of x-2, x, and x+2. However, students are failed to do so in algebra, with majority of students relying 

on guessing and checking, to solve consecutive-based word problems successfully. For N9 and N10 items, it 

is demonstrated that students employed the arithmetic approach of backward working and algebra with two 

variables to solve these word problems with the success rate of less than 22%. However, most students are 

struggling to grasp the concept of word problems, converting, and connecting the variables into equations. 

 

3.4. Discussion 

Previous studies found that performance on solving word problems is influenced by linguistic factors 

[15], [21], [23], [25], algebraic reasoning and arithmetic ability [15], [21]–[25]. However, these investigations 

concentrated exclusively on performance based on linguistic, algebraic, and arithmetic word problems with 

basic semantic frameworks, without regard to difficulty of the word problems. Therefore, the difficulty of the 

word problems is measured by using the Rasch modelling in this study and the item difficulty level in relation 

to linguistic, algebraic, and arithmetic factors of word problems is investigated. 

Moreover, strategies that are adopted by students for solving word problems either using arithmetic 

or algebraic reasoning are evaluated. The evaluation covered a range of challenges ranging from word problems 

to arithmetic and algebraic reasoning that required the eighth-grade students to demonstrate their problem-

solving abilities. The purpose of this study is to investigate the Malaysian year 8 students' performance in 

solving word problems that require them to construct a proper situation model and cannot be solved only via 

the use of superficial coping methods such as the keywords approach. The Rasch model is used for evaluating 

the ability of the students on solving the items at various difficulty level in a similar scale where the 

characteristics of word problem items is characterized in terms of linguistic, algebraic, and arithmetic aspects.  

This study is also conducted to determine the performance of students on solving word problem 

whether they will retain their early algebraic reasoning abilities when struggling with various difficulty levels 

of word problems. Moreover, the relationship between selected linguistic factors (the length of the word 

problem question and implicit information), algebraic factors (the number of variables and relationships within 

the problem), and arithmetic factors (mathematical operations and solving steps required) and the difficulty 

level of developing situation models is investigated and analyzed to see if it can adequately explain the 

difficulty level of these demanding word problems. In general, the findings suggested that superficial linguistic 

features appropriately characterized the difficulty of word problems which requiring implicit information 

inference. Similar correlations were discovered for algebra; the results revealed a link between algebra skills 

and performance on both easy and difficult items. 

Both age-based word problems (N9 and N10 items) were difficult. However, the arithmetic factor, on 

the other hand, did not predict the difficulty of these word problem, whereas the linguistic and algebraic factors 

did. These findings are unsurprising, given the form and context of these challenging word problems that 

required critical thinking, as well as the fact that there are only a few strategies for solving them, such as algebra 

and arithmetic methods. As a result, constructing an equation from the word problem question is the most 

difficult aspect of determining the difficulty of word problems in algebra. For instance, the variables required 

in the equations were not explicitly stated, and students were required to infer them from the text content of 
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the word problem which are abstract where their meaning often elusive, leading the students to mistranslations 

or misinterpretations [31]. Individual items seem to have unique characteristics within its deeper structure that 

contribute to the difficulty level of the item. For example, the key factor that affecting the difficulty of N4 item 

is the requirement for text comprehension ability, while the difficulty level of N6 item appears to be the 

requirement for procedural knowledge in algebra to find the final solution to this word problem.  

Majority of students were able to answer these word problems (N1, N2, N3 and N5 items) which 

involving one variable through constructing equations and applying their algebraic procedural skills. One 

possible explanation for why some of the number-based word problems (N4 and N6) are more difficult than 

others is that the underlying structure and implicit information which are different. The N7 and N8 items are 

parts of the difficult items where the linguistic aspect of the term 'consecutive' creates an impediment for 

students on resolving this word problem. Apart from that, the failure was caused by the presence of multiple 

variables in this word problem. To solve these consecutive-based word problems, conceptual understanding of 

consecutive and algebra is necessary. The findings significantly contribute to the research on mathematics 

development in various ways. First, eighth-grade students are capable of correctly solving word problems 

including at least some equations with a single variable. It demonstrates that children can reason algebraically 

and emphasizes the connection between arithmetic and algebraic reasoning, as stated by [32]. Additionally, 

research implies that with effective instruction [31] in the real-world context issue [33], these students may 

properly solve even more of these words problem, laying the way for better algebra proficiency. 

As a result, the difficulty level of word problems is determined not only by their linguistic, algebraic, 

and arithmetic characteristics, but also by their requirement for non-routine thinking [34], different 

combinations of cognitive skills [35] and deeper comprehension [36], [37], which can contribute for the 

differences in difficulty levels. However, the evidence for this finding is insufficient since the word problems 

employed in this study are not designed in a systematic manner to compare these characteristics. Future 

research should focus on word problems with systematic variation in the surface and deep structure aspects of 

the word problems. Moreover, when examining the ability of individual differences in solving word problems 

during text comprehension, algebra, and arithmetic skills, it is found that other general non-routine thinking 

abilities (for example, critical thinking and logical thinking) are omitted. As for this study, word problem 

solving performance and word problem difficulty are examined solely through the achievement of word 

problem tests. The future research should examine the solution processes for word problems that answered by 

students in greater depth via stimulated recall interviews, in order to have better understand of their difficulties 

in handling various demanding word problems. 

 

3.5.  Limitations of the study 

A significant limitation of this study is the gaps that existed between categorization of word problems 

by arithmetic and algebra characteristics. The test is not sensitive enough to differentiate students' high and 

low achievement in algebra and arithmetic, and additional item difficulties are required to close the gap 

between N5 and N7 items, as well as in between N9 and N10 items. Moreover, lack of systematic design in 

word problem causes it unable to create distinct theory-based subcategories. Therefore, several well-studied 

arithmetic and algebraic features, such as categorizing students according to their arithmetic and algebraic 

abilities to examine their relationship with word problem performance should be conducted. 

 

3.6.  Educational implication 

Difficulty with word problems can arise even when other aspects of mathematical cognition are intact 

[38], [39], as they require non-routine thinking and knowledge of the real-life. The difficulty with word 

problems is partly due to the fact that the cognitive resources that required to solve them are different and more 

numerous than those required for arithmetic knowledge and proficiency [40]. The findings of this study found 

that challenging non-routine word problems also required advanced text comprehension and analysis abilities. 

Thus, practice with more challenging word problems is beneficial not only for mathematics learning but also 

for developing problem solving and critical thinking skills. The implementation of different levels of word 

problems provides valuable content for mathematics education, and it is important to reach all students 

throughout mathematics lessons through efficient word-problem classroom instruction. 

 

 

4. CONCLUSION 

In this study, Rasch analysis was able to quantitatively categorize the 10 word-problems containing 

numbers, consecutives, and ages in the test instrument to various levels of item difficulty, which was found to 

be more convincing than determining item difficulty of word-problems based on experts’ predefined 

perspectives, which varied from one to another. According to the logits as measured by the Rasch measurement, 

the item difficulty level of these word problems can be classified into five levels. Although the Cronbach alpha 
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value (=0.64) determined for this test instrument is fairly reliable where two additional item difficulties were 

suggested to fill in the gap in between these ten word-problems, but the reliability of item reliability determined 

for this test instrument is found high with large separation, indicating that the item difficulty levels of these 

word-problems can be ascertained and used to measure the word-problem solving ability among the students. 

Meanwhile, the PIDM, which measured students’ ability on word-problem solving, discovered that students 

were performing lower than expected, owing to the test instrument’s standard being slightly harder for their 

current level. Further investigation revealed that the item difficulty as determined by these ten-word problems 

was related to linguistic and algebra factors such as the number of words and variables requiring realistic 

considerations for explaining the difficulty. However, arithmetic factors such as the number of mathematical 

operations and the number of solving steps have no effect on the difficulty level of word problems. More than 

half of the students solved word problems with consecutives and ages using arithmetic strategies, while the 

majority of students solved numbers-based word problems easily using algebra methods. However, the students 

encountered difficulties while losing their solution strategy when the questions contained implicit data that 

demanded critical thinking ability. 
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