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The Cognitive Gap in the Mathematical Thinking Abilities of 1 

High School Leavers for College: Are they ready? 2 

ABSTRACT 3 

After students spending approximately 12 years of formal math learning from high school, they 4 

bring a store of enormous "learned" mathematics factual knowledge with them to face the 5 

challenges and prepare for college/tertiary level learning. However, research has shown that 6 

early tertiary level students face a struggle in learning college mathematics. The ability to think 7 

mathematically and use this learned factual knowledge (mathematical thinking) to solve higher 8 

order thinking skills (HOTs) problems is an essential requirement of tertiary education. Thus, 9 

do these high school leavers have the accessibility of the previously learned factual knowledge 10 

and use it effectively in solving these HOTS problems? This sequential research design study 11 

was conducted among 640 high school leavers who attained an A grade in their national 12 

examination. In the first phase, the researchers investigated their mathematical thinking ability, 13 

followed by interviews with selected students on the difficulties and challenges they faced in 14 

solving the underlying problems. The findings showed that these students lack the ability to 15 

effectively use the previously learned factual knowledge from school mathematics to solve 16 

mathematical thinking problems. Secondly, they lack the habitual mind to check their answers 17 

after deriving a solution to a given problem. Thirdly, most of them rarely used heuristics to 18 

devise a strategy to solve fundamental math problems. Although the expectation of the school 19 

math curriculum over the last decade has been re-engineered towards "teaching students to 20 

think," this expectation has yet to be fulfilled. Thus, university educators must do more to 21 

guarantee that high school graduates can deconstruct their mathematical knowledge and 22 

reconnect it with the underpinnings and linkages of college mathematics requirements. 23 

Keywords: Mathematical Thinking; School Mathematics; Higher-order Thinking, Heuristics, 24 

Non-routine; Problem Solving. 25 

[Click here to download the Word file] 26 
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The Cognitive Gap in the Mathematical Thinking Abilities of 28 

High School Leavers for College: Are they ready? 29 

 30 

Abstract:  31 

After students spending approximately 12 years of formal math learning from high 32 

school, they bring a store of enormous "learned" mathematics factual knowledge 33 

with them to face the challenges and prepare for college/tertiary level learning. 34 

However, research has shown that early tertiary level students face a struggle in 35 

learning college mathematics. The ability to think mathematically and use this 36 

learned factual knowledge (mathematical thinking) to solve higher order thinking 37 

skills (HOTs) problems is an essential requirement of tertiary education. Thus, do 38 

these high school leavers have the accessibility of the previously learned factual 39 

knowledge and use it effectively in solving these HOTS problems? This sequential 40 

research design study was conducted among 640 high school leavers who attained 41 

an A grade in their national examination. In the first phase, the researchers 42 

investigated their mathematical thinking ability, followed by interviews with 43 

selected students on the difficulties and challenges they faced in solving the 44 

underlying problems. The findings showed that these students lack the ability to 45 

effectively use the previously learned factual knowledge from school mathematics 46 

to solve mathematical thinking problems. Secondly, they lack the habitual mind to 47 

check their answers after deriving a solution to a given problem. Thirdly, most of 48 

them rarely used heuristics to devise a strategy to solve fundamental math problems. 49 

Although the expectation of the school math curriculum over the last decade has 50 

been re-engineered towards "teaching students to think," this expectation has yet to 51 

be fulfilled. Thus, university educators must do more to guarantee that high school 52 

graduates can deconstruct their mathematical knowledge and reconnect it with the 53 

underpinnings and linkages of college mathematics requirements. 54 

 55 

Keywords: Mathematical Thinking; School Mathematics; Higher-order Thinking, 56 

Heuristics, Non-routine; Problem Solving. 57 

 58 

 59 
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INTRODUCTION 60 

 61 

 Various education systems in the world, including the Malaysian education system, 62 

have undergone various education reforms during the last decade or so in order to achieve 63 

better performance for the nation's development, especially to assure that every citizen is 64 

capable of meeting the challenges involved in getting the country ready to compete on a global 65 

scale. The issue of curricular reform in education has been a hot topic for quite some time since 66 

the early 2000s in catering to the needs of national development. Thus, curriculum reforms for 67 

primary and secondary school education were undertaken. The aim of these reforms from the 68 

mathematics perspective was for a few reasons. Firstly, due to the low performance of students 69 

in the international studies of Trends in Mathematics and Science Studies (TIMSS) and 70 

Programme for International Student Assessment (PISA). In both these studies over the decade, 71 

students' mathematics and science performance were way below the international benchmark. 72 

 73 

 Secondly, Science, Technology, Engineering, and Mathematics (STEM) affect every 74 

part of the world today, and it has been making waves in education, especially at the tertiary 75 

level, due to the low level of students’ enrolment in science-related courses (The New Strait 76 

Times, May 23, 2016; UNESCO, 2016; Academy of Science Malaysia, 2018; The Straight 77 

Times, December 14, 2018). This alarming issue was further exacerbated when The Star Online 78 

(16 May 2018) reported from the World Economic Forum that as many as 65 percent of high 79 

school leavers entering the workforce now would work in new STEM-based sectors in the 80 

future. This issue was further complicated by the low enrolment of students in STEM education 81 

courses at the tertiary level (Curriculum Development Centre, 2016; Halim & Subahan, 2016). 82 

Facing this dilemma of the lack of student enrolment was probably the final straw that broke 83 

the camel’s back. The Malaysian Education Blueprint 2013-2025 was introduced to enhance 84 

the STEM Education Project to encourage students to pursue secondary and higher education 85 

STEM areas. Thus, among the reform measures implemented is the inclusion of HOTS in the 86 

mathematics curriculum's teaching and learning perspective, as this subject is multidisciplinary 87 

across all STEM-related courses.  88 

 The thrust of this new curriculum reform was the embedment of a balanced set of 89 

knowledge and skills, such as the ability to think critically, creatively, and solve problems for 90 

the development of students (The Star Online, 31 Dec 2016). Since these reforms, how much 91 
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or rather, are these school leavers' intellectual capacities matching with the expected level of 92 

cognitive demand at the tertiary level? 93 

 94 

LITERATURE REVIEW 95 

 96 

 Mathematics is a cognitive skill demand for all levels of education, especially in today's 97 

rapidly changing world, particularly in terms of technological advancement, and the demand 98 

for this is unthinkable without mathematics (Hansson, 2020; Hansson, 2015). However, 99 

findings have shown that the schools are not catering to these demands (Faulkner, et al., 100 

2020;Lasilla, Rule, Fulton, Skarda, & Torres, 2009; O’Brien & Dervarcis, 2012; Burghes, 101 

2011). In the study by Faulkner et al. (2020), they found an over-reliance on procedural 102 

knowledge hindered students’ ability to apply the necessary skills in solving problems, which 103 

to a large extent inhibited students' cognitive growth. In the study undertaken by Lasilla et al. 104 

(2009), prompted due to US education not creating enough scientists to meet future economic 105 

demands, they elucidated that high school leavers are not prepared for the cognitive demands 106 

of college-level education. Similarly, Scott (2016) found that students’ lack of mathematical 107 

preparation prior to entering the science classroom hindered their development of meaningful 108 

learning. On the contrary, test scores are on the rise significantly in the context of math and 109 

science. Another study by O’Brien and Dervarcis (2012) entitled "Is High School Tough 110 

Enough?" found that approximately 40% of high school grads are not ready for entry-level 111 

employment or college courses. They argued for the necessity of a more rigourous curriculum 112 

requirement for high school leavers to face the cognitive challenges of a college education. 113 

Similarly, Shaugnessy (2011), a former President of the National Teachers of Mathematics, 114 

raised two pertinent issues regarding high school students' preparation for tertiary level. Are 115 

they receiving an adequate mathematics education? Furthermore, are the math alternatives 116 

comprehensive enough to facilitate a seamless transfer from high school to college? This issue 117 

was also reiterated by Padilla-Vigil and Mieliwocki (2015). They mentioned that in today's 118 

culture of rigour, students should have mathematical learning experiences that address Bloom's 119 

taxonomy to the production and sharing level to build higher order thinking skills. Students 120 

can accomplish this better when they can create links between math material and real-world 121 

applications. 122 

 These issues of concern, as mentioned above, are also prevalent in the Malaysian 123 

context of mathematics learning. Various evidence has been provided in the local literature on 124 
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the low intellectual mathematics knowledge of SPM leavers. In the study by researchers 125 

(Parmjit & White, 2006; Roselainy, Yudariah, Mohammad, Soheila & Sabariah, 2013; Aida, 126 

2015; Parmjit et al., 2016), they have concluded that these school leavers' intellectual capacity 127 

does not match with the expected level of cognitive demand at tertiary level. According to the 128 

findings of Parmjit and White (2006), the grades gained in the SPM exams do not relate to their 129 

higher-order thinking abilities. Similarly, Roselainy et al. (2013) echoed a proposal to enhance 130 

math pedagogical practises in STEM education to make them more relevant and meaningful in 131 

a way that could further develop students' capabilities. Thus, action is warranted to curb these 132 

concerns, notably in the context of learners' cognitive growth in mathematical thinking. 133 

 Mathematics is one of the "micro filters" regulating entry into tertiary education, 134 

especially in STEM education. The current model of pedagogical practises in schools is 135 

outdated (Parmjit et al., 2016; Shaugnessy, 2011; Schoenfeld, 1992). At its micro level, do the 136 

various topics of math courses learned in high schools, such as calculus, algebra, trigonometry, 137 

geometry, and statistics, cater to the higher-order thinking skills demanded at the tertiary level? 138 

The new curriculum seeks to develop learners "who can think mathematically and who can 139 

apply mathematical knowledge effectively and responsibly in solving issues and making 140 

decisions." (Ministry of Education Malaysia, 2013, p.2). The phrase "to think mathematically" 141 

was incorporated in the statement of objectives for the secondary school mathematics 142 

curriculum to emphasise the significance of mathematical thinking among high school 143 

students. Devlin (2012, as cited in Parmjit et al., 2018), asserts that mathematical thinking is a 144 

way to learn a math concept by breaking it apart and analysing it until learners find its 145 

numerical and structural roots and ways of thinking. It is a dynamic process that helps learners 146 

understand complex structures by putting together what they have already learned (Mason, 147 

Burton & Stacey, 2010). The problem must be challenging, engaging, and within the learners' 148 

proximal development zone to develop their thinking. Mathematical thinking occurs when 149 

tertiary-level problem solving requires high-level thinking skills. Schoenfeld (1992) argues that 150 

a curriculum that teaches only mathematical facts and methods is no longer valid. 151 

 The underperformance of students’ in international math studies such as TIMSS and 152 

PISA, issues related to STEM education, especially in the context of low enrolment, 153 

Mathematics pedagogical practices, and an incongruent high school leaver's intellectual 154 

capacity with the cognitive demand of tertiary level, inadvertently led to the introduction of 155 

new curricula under the Education Blueprint 2013-2025. This curriculum's thrust emphasises 156 

students' critical thinking, creative thinking, and problem-solving abilities. It sets a target of 157 

being in the top third of nations by 2025, despite the country's history of consistently being in 158 
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the bottom third in Pisa and TIMSS. What impact have these reforms had on the tertiary level? 159 

Does the new math curriculum prepare high school leavers well enough for college-level 160 

cognitive readiness? 161 

Thus, it is necessary to evaluate students' learning to assess the current impact of instructions 162 

on students' learning, especially in the context of high school leavers' preparation to face the 163 

challenges of the tertiary level math curriculum. The assessment process is inevitable as far as 164 

instruction is concerned, simply because it helps navigate the overall experience and works as 165 

a check and balance in ensuring educational goals are duly met. Through assessment, 166 

questioning takes place, and it forces one to think. For example, "Does the content taught to 167 

students in the classroom commensurate with what we think is being taught?" "What are 168 

students supposed to be learning, and are they learning so accordingly?" 169 

 Thus, this research embarked on the journey of investigating high school leavers' 170 

development of mathematical thinking in order to assess their cognitive preparedness for 171 

tertiary level education demand. The research questions posited for this study are as follows: 172 

 173 

1) What is the extent of the students' cognitive disposition ability in solving mathematical 174 

thinking problems? 175 

2) What are the conceptual challenges in understanding mathematical thinking problems? 176 

 177 

METHODOLOGY 178 

 179 

A mixed-method methodology, namely a sequential research design, was used for this study, 180 

utilising both quantitative and qualitative approaches. A descriptive design, as Kothari (2004) 181 

elucidates where, "it describes, records and interprets phenomena without manipulation of 182 

variables that either exist or previously existed" (p.120), was utilised, comprising 640 randomly 183 

selected high school leavers who attained an A grade in Mathematics in their national 184 

examination. Based on these grades, one could surmise that these students are high math 185 

achievers. A paper and pencil test called the Mathematical Thinking Test (MTT) was 186 

administered among the students. It provided background information on students' 187 

mathematical thinking development after eleven years of learning mathematics in school. 188 

  For the qualitative approach, interviews were conducted with nine purposively selected 189 

students to paint a mental picture of their progression in their ability to think mathematically. 190 

The criteria for student selection were based on how well they did on the test for mathematical 191 
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thinking. A total of three high achievers, three intermediate achievers, and three low achievers 192 

were selected for this purpose. These criteria enabled the researcher to identify the thought 193 

processes, stumbling blocks, and difficulties faced by the three different groups of students. 194 

Using interviews is a common and significant feature in assessing students' learning in 195 

mathematics education. Interviews are pertinent in identifying students' difficulties, challenges, 196 

and misconceptions about a learning concept. This is also incongruent with Merrifield and 197 

Pearn's (1999) elucidation of it as an effective method in assessing learners' development of 198 

mathematical thinking. Thus, the use of interviews for this study provides information on 199 

students' thinking processes, their understanding, and difficulties faced, and answers the most 200 

critical question, why. 201 

  For the quantitative approach, an instrument developed by Parmjit et al. (2016) was 202 

adapted for this study to assess the mathematical reasoning proficiency of high school leavers. 203 

This test had ten questions from school math that covered the fundamentals of ratio and 204 

proportion, algebra, basic permutation and combination, sequence, indices, simultaneous 205 

equations, and fundamentals of numbers. All the questions were classified as non-routine, 206 

meaning that no formulas were required to be remembered and the employment of calculators 207 

was not allowed. Examples of the questions are as follows: 208 

 209 

• Three hoses fill a pool. The first hose fills the pool in 3 hours, the second in 4 hours, and 210 

the third in 12 hours. How long will it take to fill the pool with all three hoses open? 211 

• There are seven students in the meeting room. Each student shakes hands with each other 212 

except for themselves. How many handshakes are made altogether? 213 

• Find the last digit of 32007. 214 

• A book's pages are numbered with 993 digits by a printer. How many pages does the 215 

book have? 216 

• What is the digit in the ones position of the total after the first 97 whole numbers are 217 

added up? 1 + 2 + 3 + 4 + . . . + 94 + 95 + 96 + 97 218 

 219 

 This was not a speed test, and students were given one hour and fifteen minutes to 220 

answer the questions. This study aims to examine students' conceptions of mathematics; thus, 221 

the working steps and procedures were taken into consideration in assigning the marks based 222 

on a pre-set criterion. Each question was assigned three points, yielding a maximum score of 223 

33 on the Mathematical Thinking Test. 224 
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 225 

Table 1. The Scoring Rubric 226 

Score Description 

0 No effort was made; this was a failed attempt. 

1 Some aspects of the problem are identified, but solutions that address those 

aspects are either insufficient or unsuitable. 

2 Determine the majority aspects of the problem and provide at least one viable 

solution despite certain flaws. 

3 Determine all components of the problem; the suitable strategies are presented 

along with the correct response. 

 227 

 For the qualitative research design, interviews were conducted with the selected 228 

students. The primary interview questions were from the Mathematical Thinking test, followed 229 

by probing questions aiming to elicit the thought processes used by students in assessing the 230 

conceptual difficulties they faced in solving the given problems. In these interview sessions, 231 

the researchers got an opportunity to study the causes of each step and which heuristic was 232 

employed by the respondents. These complete transcripts were necessary to accurately 233 

represent what students had to say and to serve as a source for the long quotes often included 234 

in qualitative research reports as part of the interpretation validation process (Shenton, 2004). 235 

Verbatim transcripts strengthen a study's "audit trail" (p. 21) by providing more evidence 236 

(Sacks, 1984). 237 

 238 

 239 

 240 

RESULTS 241 

 242 

 The first section presented the study findings from the administration of the paper and 243 

pencil test comprising ten questions, item analysis for each question, followed by interviews 244 

with students. We assess their non-routine problem-solving skills; the difficulty faced, their 245 

content knowledge, and their ability to use it to solve the given problems. 246 

 247 

Ability to Solving Non-Routine problems 248 

 249 

Research Question 250 

What is the extent of the students' cognitive disposition ability in solving mathematical thinking   251 

problems? 252 
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 253 

Table 2. Mathematical Thinking Test Scores 254 

 N Mean Std. Deviation 

Math Thinking Test Scores 640 9.15 3.84 

Max Score:33 

 255 

The data in Table 2 reveals that the scores achieved by 640 students engaged in the research 256 

are a low 9.15 (SD=3.84). In other words, these students attained a low score of 27.7% 257 









100

33

15.9
in the Mathematical Thinking Test. 258 

 259 

Item Analysis of Mathematical Thinking Test 260 

 261 

 This section analyses each of the ten questions in phase one of the Mathematical 262 

Thinking Test. Table 3 indicates the challenges students had on the test, which gives 263 

background information on high school graduates' conceptual comprehension and stumbling 264 

blocks of basic math concepts. 265 

 266 

Table 3. Item analysis of MTT 267 

Question Correct % Incorrect % 

1 53.3 47.7   

2 26.6 73.4 

3 24.8 75.2 

4 28.4 71.6 

5 13.3 86.7 

6 45.5 55.5 

7 15.9 84.1 

8 19.3 80.7 

9 27.7 72.3 

10 34.2 65.8 

 The table shows that the questions students faced difficulty with based on the incorrect 268 

responses of 50% or more were all the questions except question 1. The findings depict the 269 

notion that students faced great difficulty solving problems requiring higher-order thinking 270 

skills. These non-routine problems elicit students' mathematical thinking skills. However, these 271 

students were considered high achievers in mathematics based on their national examination 272 

results, and they still lack the cognitive repertoire one expects to have. This outcome is 273 

consistent with previous findings from both local and international contexts over the last decade 274 

(Parmjit et al., 2018; Intan, 2016; Aida, 2015; Borsuk, 2016; Adams, 2014). The findings 275 
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suggest that, despite graduating from high school, most students lack the cognitive skills and 276 

growth required to meet the academic requirements of college. Parmjit et al. (2018) viewed 277 

this downfall due to the common proverb "practice makes perfect". This might be true for 278 

mastery skills for arithmetic operations but not for developing mathematical thinking. Students 279 

"practice" these skills to get the right answer. In other words, they neglect context, structure, 280 

and conditions, and students do not produce the "richly interconnected spaces" Cooper (1988) 281 

identifies as necessary for building mathematical thinking. They end up with islands of 282 

superficial knowledge without a boat to travel from one end to the other. 283 

   The following section's findings from the interviews detail the difficulties encountered 284 

in cognizing the mathematical thinking problems that greatly hindered students’ mathematical 285 

thinking development. 286 

 287 

Difficulties Faced by Students 288 

 289 

This section discussed samples of students' incorrect responses to the Mathematical Thinking 290 

Test. These incorrect responses were then probed to investigate the root of these difficulties 291 

faced via interviews. Due to space constraints, six interview participants were depicted in this 292 

paper to determine their mistakes and difficulties in solving the problems.  293 

Coding for the interviews was used in identifying the respondents according to respondent 294 

number and achievement. The coding was as follows:  295 

 296 

• Students Number: 1 to 6; 297 

• Achievement: L: Low, I: Intermediate, and H: High 298 

 299 

Notification for each participant: 300 

• Student 1, Low achiever as S1L    301 

• Students 2, Low achiever as S2L   302 

• Student 3, Intermediate Achiever as S3I   303 

• Student 4, Intermediate Achiever as S4I 304 

• Student 5, High Achiever as S5H 305 

• Student 6, Male, High Achiever as S6H 306 

 307 

 308 
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Did students lack factual knowledge or access it poorly? 309 

 310 

 All 640 students participated in this study were High Math Achievers based on national 311 

exam results. The test's non-routine problems were fundamental questions within their zone of 312 

potential development. No questions required any high-level formulaic structures or 313 

complicated computations to solve them. Instead, the carefully selected items require some 314 

fundamental knowledge and skills upon which all higher tertiary level mathematics courses are 315 

built upon. Three experienced high school teachers teaching mathematics in their respective 316 

schools also validated this item selection.   317 

 318 

 From the interviews, all the respondents did not face problems in understanding the 319 

problems that, to an extent, asserted the math knowledge required for each question was within 320 

their zone of proximal development. 321 

 322 

S1L : I understand the questions quite easily, but I don't know what concept to use…how 

to answer the question." 

S2L : This question seems easy but challenging because …I am not sure which math 

formula or concept to use 

S3I : I am not sure how to make a connection… which concept and formula to use 

S4I : The problems given are interesting……. I like it……. seems easy but difficult to 

solve. 

S5H : These problems seem easy…...but definitely challenging when I try to solve them 

because quite often I am not sure what fact to look for….in fact, I got so confused 

about how to solve the problem... 

 323 

 These statements above elucidate the fundamental descriptors of non-routine problems, 324 

such as Kantowski (1977), "an individual is faced with a problem when he encounters a 325 

question he cannot answer or a situation he is unable to resolve using the knowledge 326 

immediately available to him (p. 163). Similarly, Woodward et al. (2012) highlighted these 327 

non-routine problems that cannot be addressed with a known approach or memorised formulae 328 

that demand analysis and synthesis with the aid of critical thinking. 329 

 330 

Factor 1: Lack of a habitual mind in checking their answers 331 

 332 

 The first item is a ratio and proportion item, which is widely used in the literature. This 333 

item aims to assess students' ability to use proportionality in solving problems. The quantitative 334 

analysis revealed that 47.7% (n = 306) of the 640 students attained an incorrect solution to this 335 
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problem. A further probe indicates that 92.7% (n = 284) of these students obtained an incorrect 336 

response of four (4) instead of nine (9) as the correct solution to this problem. 337 

 338 

 Two factors embedded in this problem inhibited students from finding the solution. The 339 

first factor relates to not looking back to check their attained solution, and the second relates to 340 

the rote application of the formulaic cross multiplication method. The following is the verbatim 341 

that took place between the researcher and the participating student: 342 

 343 

Question 1: If it takes six men 21 days to paint a house, how many men will be needed to do 344 

the same job in 14 days? 345 

R : Do you understand the question and related to which topic? 

S1L : Yes, it is related to proportion. 

R : Please solve this item 

S1L : After about 2 minutes, he responded 

Four 

R : Four what? 

S1L : (Hesitated for a while) ….err…four days……. (hesitated again) …no…four men. 

Yes, four men 

R : How did you solve it?  

Showing me his procedures (refer to Figure 1) 

 346 

 347 

Figure 1. S1L incorrect response for Item 1 348 

 349 

R : Can you please explain? 

S1L : Six men takes twenty-one days, so x men will take (pointing at his steps) 

fourteen…..So cross multiply … twenty-one x equals fourteen times six … x is four! 

R : So, the answer is four? 

S1L : Yes (with a very confident tone) 

 350 

 S1L utilised a mechanical procedure called cross multiplication, commonly used in 351 

schools, to solve the problem. This cross multiplication refers to a process where the numerator 352 
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of the first fraction is multiplied by the second fraction's denominator and vice versa, setting 353 

the products equal. 354 

 355 

During the interviews, all the respondents produce "4 men" as the answer. Scaffolding was 356 

introduced to provide guidance to probe students' thinking. 357 

 358 

 359 

R : Please look at the question, if one needs six men to paint a house in twenty-one days. 

Will you require more or lesser men to paint it in a lesser time of fourteen days? 

S3I began to ponder and was perturbed based on his facial expression. 

S3I : Something is not right because…...you definitely need more men! 

R : Why? 

S3I : Because if six men can paint in twenty-one days, then definitely more men are 

needed for fewer days err…fourteen days 

R : So, where is your mistake? 

S3I : This should be an inverse proportion 

R : What do you mean by inverse Proportion? 

S3I : More men fewer days or fewer men more days 

R : So, what is the answer? Can you do it mentally? 

S3I : The answer will be twenty-one per (over) fourteen times six …..three over two times 

six and…..nine men…Let me check my answer. 

 360 

The following were the procedure used: 361 

 362 

 363 

Figure 2. S3I correct response for Item 1 364 

 365 

R : You were very sure of your answer as four men earlier. Why was that? 

S3I : This was a direct question we always do…. I should have checked my answer if it 

makes sense! 

 366 

Most of the students (based on the paper and pencil test script) utilised this cross multiply 367 

method to attain an incorrect solution of 4. The findings indicate poor algorithm operations of 368 

6
21

14
 , indicating students' superficial comprehension of proportion and ratio. Students’ 369 

failing to double-check their answers to see if they make sense is a massive cause for concern. 370 
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According to the data, most students answered "four guys" since they did not comprehend that 371 

the question was about inverse proportions. Figure 3 illustrates samples of the incorrect 372 

solution obtained in the paper and pencil test among the students involved in the study. 373 

 374 

Figure 3. Samples of incorrect responses for Item 1 from the paper and pencil test 375 

 376 

Polya (1971) asserted that "looking back" when the problem has been solved maximises 377 

learning opportunities. By re-examining the result and the route that led to it, students may 378 

solidify their information and improve their problem-solving skills. We believe that instilling 379 

the habit of looking back extends beyond confirming answers and the procedures used to 380 

achieve answers, as it maximises problem-solving learning opportunities. 381 

  382 

Factors 2 and 3: Inability to Relate With Formulaic Structure Learned in School and Lack 383 

of a Heuristics Repertoire in Solving Problems 384 

 385 

 The second and third factor that students faced difficulty were their inability to relate 386 

and apply the various formulas learned in school and a lack of heuristics repertoire to solve the 387 

non-routine problems. The following problem exacerbated this factor. 388 

 389 

Question 8: There are seven students in the meeting room. Each student shakes hands with 390 

each other except for themselves. How many handshakes are made altogether? 391 

 392 

One would expect the following procedures commonly learned in school (the topic of 393 

combination and permutations) to be utilised to solve the problem: 394 

21
3

67
2

7 =


=C  395 

The paper and pencil test findings revealed that 80.7% of the 640 samples involved in the study 396 

responded incorrectly to this problem. Within these responses, approximately 82% (n = 423) 397 

left a blank space without attempting to solve it. None of the 640 samples involved in the study 398 

could use this learned combination formula to solve the problem. Further analysis from the 399 
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paper and pencil test suggests that 9.1% (n = 58) of the 640 sampled students attempted to use 400 

heuristics to attain the solution. Examples of the heuristics used are shown in Figure 4. 401 

. 402 

 403 

 404 

Figure 4. Samples of respondent's usage of heuristics in the Paper and Pencil Test 405 

 406 

The interviews suggest that with scaffolding, students were able to be guided to solve the 407 

problem. S4I was unable to solve the problem; however, it reaps the benefits with scaffolding. 408 

 409 

R : Can you solve the problem? 

S4I : No, difficult to solve. 

R : Have you learned or solved this type of problem in school? 

S4I : No, I don't think so 

R : Let me give you a hint. Say you have two students, A and B. With two students, how 

many handshakes? 

S4I : Two students….one handshake. 

R : Three students? (mumbled two get one, three get ….) 

S4I : Three handshakes. 

R : What about four students? 

S4I : I think I know how to solve the problem… 

S4I started working on the sheet of paper. After working for about 4 minutes, 

S4I : Twenty-one handshake is the answer for (pointing to his heuristic as shown in 

Figure 6) for seven students. 

R : This is for five students; question is for seven students. 

S4I : You see there is a pattern one, three six, ten, then will be (heard saying five) fifteen 

and then (heard saying six) twenty-one. 

R : Tell me more of this pattern. 

S4I : You see from one to three, you add two, then three to six add three, add four, five 

and then six 

 410 
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With scaffolding, S4I s solve the problem by using the drawing heuristics and then recognise a 411 

pattern to provide the solution of twenty-one handshakes. 412 

 413 

 414 

Figure 5. Heuristics for Question 8 by S4I 415 

 416 

S5H was also successful in solving the problem using a pattern recognition heuristic. 417 

 418 

R : How many handshakes are made altogether with seven students? 

S5H : Twenty-One 

R : Please explain. 

S5H : There is a pattern here (pointing to his systematic list-refer Figure 7) two students, 

one handshake, three students three, four students six and so on…seven students 

you get twenty-one 

 419 

 420 

Figure 6. Heuristics for Question 8 by S5H 421 

 422 

R : What about ten students? How many handshakes? 

S5H : Nine plus eight plus seven plus six plus five plus four plus three plus two plus one…... 

will be the answer! 

S5H made a systematic list and discovered a pattern in deriving the solution. 423 

 424 
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  The analysis from the paper and pencil test elucidated the inability of students to relate 425 

to the formulaic structure learned in school math to solve the given problem. Instead, the 426 

successful students used heuristics by looking at a pattern in their attempt to solve the problem. 427 

As Parmjit et al. (2016) explain, although mathematics learning has progressed over the 428 

decades (from elementary to secondary school), students lack cognitive strategies, thinking 429 

skills, and mathematical aptitude. He further stressed that the inability of students to solve non-430 

routine problems is an area of concern that might inhibit their cognitive entry requirements 431 

demand for tertiary-level mathematics learning. 432 

 433 

  Problem-solving is a fundamental element in cognitive ability development, and 434 

heuristics play an essential role in enhancing this ability. Heuristics act as a key in the process 435 

of solving a problem, thereby showing a clear pathway to find the solution. One can conclude 436 

that generally, the students in this study seemed to lack the repertoire to use heuristics in solving 437 

non-routine problems posed in the study, as only a low 9.1% of the respondents attempted to 438 

use heuristics towards deriving the solution. The majority of students involved in this study 439 

rarely exhibited systematic usage heuristics when they could not solve fundamental problems. 440 

Researchers (Devlin, 2013; Liu & Niess, 2006) have argued that one solution towards 441 

overcoming this deficiency among students is for mathematics to be taught as a thinking 442 

activity through heuristics strategies. This mode of teaching activities via heuristics will equip 443 

students with the necessary tools to solve problems to accommodate changing needs 444 

(Treffinger, Selby, & Isaksen, 2008). Based on researchers' views, using heuristic strategies as 445 

a problem-solving tool in solving non-routine tasks can enhance students' mathematical 446 

thinking. 447 

 448 

DISCUSSION AND CONCLUSION 449 

 450 

 High school leavers carry a wealth of "learned" mathematical subject knowledge with 451 

them as they prepare for college-level education. However, the study findings, to a large extent, 452 

postulated that the low cognitive capacity of high school leavers does not match the expected 453 

level of cognitive demand at the tertiary level. These findings are in congruence with previous 454 

findings (Aida, 2015; Parmjit et al., 2016; Parmjit & White, 2006), where students' 455 

mathematical performance on the national exam grades does not relate to their ability to 456 

develop mathematical thinking. 457 
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 The findings showed that these students lack the ability to effectively use the previously 458 

learned factual knowledge to solve mathematical thinking problems. This, to a large extent, 459 

conceptualises the image of school mathematics as a rigid, procedural-orientated subject, which 460 

indirectly implies a negative connotation. To a large extent, this implication might impede 461 

meaningful mathematical learning in higher education. This impediment might lead to 462 

avoidance behaviours, meaning less engagement in the classroom (Ashcraft et al., 2007), 463 

completing fewer mathematical credits, and critically skipping attending advanced 464 

mathematics courses that are vital in obtaining full economic opportunity (Moses & Cobb, 465 

2001). This is further compounded by its importance in STEM education, where it is an 466 

essential subject for the development of students' mathematical thinking. 467 

 468 

 Although the thrust of the new curriculum (KPM, 2016) was the embedment of a 469 

balanced set of knowledge and skills in creative thinking, critical thinking, and problem-470 

solving for the development of students as philosophised, it is yet to be materialised. The 471 

answer to the question posed in the introduction section, "Does the new curriculum adequately 472 

prepare students for college readiness by offering a rigorous math curriculum?" is No! 473 

  474 

 Thus, action is warranted to curb these concerns, especially in the growth of students' 475 

cognitive ability to think mathematically. Firstly, we firmly believe that mathematics teaching 476 

in schools should be re-engineered so that the focus of doing mathematics should be 477 

synonymous with "teaching students to think." Although the new curriculum has philosophised 478 

this intention, it is not taking place. This is because the prevalent misperception is that "doing 479 

mathematics" is the same as being interested in "mathematical thinking." This misperception 480 

arises from the pedantic mathematics education in our school systems that still emphasises the 481 

mastery of mathematics by rote memorising of formulaic patterns. This rote learning procedure 482 

might be a yesteryear experience based on the Malaysian Education examination in abolishing 483 

exams for lower levels namely Primary and Lower Secondary (The Star, 2 June 2022). This 484 

might encourage teachers to focus more on developing students' thinking skills instead of 485 

'covering the syllabus' for exam purposes. 486 

Second, to facilitate the growth of students' mathematical thinking, we proposed using a 487 

problem-solving technique based on heuristics. This refers to learner-centered teaching, which 488 

can be implemented by introducing non-routine math problems in students' daily homework, 489 

followed by heuristic application to solve those problems. Polya (2004) suggested that to fuel 490 

growth in students' higher-order thinking skills, non-routine problems should be used. "Non-491 
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routine problems" are problems that are very likely to be unfamiliar to students. They make 492 

cognitive demands over and above those needed for solving routine problems, even when the 493 

knowledge and the skills required for their solution have been learned "(Mullis et al., 2003, p. 494 

32). In order to bring about progress in students' thought processes, they must be challenged to 495 

the very core through the problems posed. It must also be intellectually stimulating yet within 496 

the range of its potential construction. It implies that solving these problems calls for the 497 

application of critical thinking beyond the limited scope of what is taught in the classroom 498 

alone and extends the bounds of mere procedure. 499 

  500 

 The heuristics application is seen as a tool that offers some general strategies and 501 

suggestions that assist a learner in either improving their understanding of a problem or making 502 

progress toward a solution to that problem. When applied to mathematical circumstances, these 503 

repertoires of heuristics as tools might seem to have no intrinsic worth, yet they may be highly 504 

potent (Polya, 1973). The utilisation of various heuristics such as searching for a pattern, 505 

building a list, working backward, and guessing and checking are active learning strategies that 506 

allow students to comprehend concepts and improve procedural skills in a meaningful way. As 507 

suggested (Devlin, 2013; Treffinger et al., 2008; Liu & Niess, 2006), using heuristic strategies 508 

as a problem-solving tool in solving non-routine tasks can enhance students' development of 509 

mathematical thinking. However, more research needs to be done to examine the effective 510 

implementation of these heuristics in developing the mathematical thinking growth of students. 511 

  512 

 Based on its success in TIMSS and PISA over the decades, one major success story for 513 

the Singapore Education System in mathematics has been its emphasis on problem-solving in 514 

its curriculum since 1992. Although one could argue that the curriculum in other parts of the 515 

world, including the Malaysian curriculum, similarly emphasises problem-solving, 516 

Singaporean students continue to outperform their peers in mathematics performance. Clark 517 

(2009), from his perspective, opined on five primary explanations for this disparity in 518 

performance: 519 

 520 

 Problem-solving is embedded in Singapore texts, not as a separate activity but as 521 

central to every skill and concept discussion. 2. The problems that Singapore 522 

students work on are much more complex than those in standard American texts. 523 

Two- and three-step problems are the norm. 3. Non-routine and routine problems 524 

are included in every grade level. (p. 2) 525 
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 526 

He further elucidated that Singapore's curriculum heavily emphasises problems that are non-527 

routine and beyond computation specification. Learners will often need to use several different 528 

heuristics to solve these kinds of problems. 529 

The ability to solve problems does not fully explain the gaps in academic achievement between 530 

students in Singapore and those in other parts of the world. Efforts to develop a positive 531 

attitude, improve classroom learning materials, and most importantly, teachers' preparedness 532 

towards problem-solving is a crucial focus that encourages all students to feel better about 533 

mathematics learning. This teachers' preparedness is vital for successful and meaningful 534 

curriculum implementation. The final level of curriculum development involves teachers as the 535 

primary implementers. More effort needs to be undertaken by the education ministry to 536 

actualise the philosophy of the new curriculum. 537 

 538 
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