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Abstract. This research aimed to investigate vocational students’ difficulties in solving basic mathematics problems. 

Qualitative research was conducted to describe the result. This research involved a rich collection of data to gain a deeper 

understanding of students’ difficulties, including their opinions about the questions. For this purpose, the author took five 
basic mathematics topics as students’ prior knowledge that are actually learned from primary until secondary school. They 

were cube net, integer operations, flow rate, velocity, and scale. Then 5 questions were constructed to represent those 5 

topics. The questions’ sheets were applied to 108 vocational school students. These were the students’ percentage who 

answer the questions accurately each topic: cube net 65.74%, integer operations 87.96%, flow rate 52.78%, velocity 

77.78%, and scale 62.96%. There were some difficulties can be identified, such drawing more or less than 6 congruent 

squares in constructing cube net; ordering operations (integer operations); time conversion, calculation, formula (flow rate 

& velocity);length conversion (scale). Most of students (48,81%) said that cube net problem was the easiest because cube 

net could be imagined and didn’t involve any formula. In contrast 34,17% of students said that velocity was the hardest 
problem to solve because they forgot the formula. This research will help and give an idea to mathematics educator in 
measuring their students’ basic mathematics knowledge or prior knowledge. 

INTRODUCTION 

 

The existence of prior knowledge is very crucial to students’ learning. Talking about prior knowledge we need to 

consider students’ learning trajectories. The learning trajectory is introduced by Simon in the term of hypothetical 

learning trajectory. He said that “hypothetical learning trajectories are defined by researcher-developers as goals 

for meaningful learning, a set of tasks to accomplish those goals, and a hypothesis about students’ thinking and 

learning” [1]. Prior knowledge is related to this students’ thinking and learning as learning trajectory. For example, 

students learn cube net as basic concept before learning further about surface area of cube. Ausubel [2] has 

emphasized the importance of the prior knowledge as a foundation for learning. He pointed out that learner had 

to recognize that what was being taught had some connection with existing knowledge to achieve ‘meaningful 

learning’. It indicates that students need prior knowledge to assimilate new knowledge into “schemata”. Prior 

knowledge could also be described as a combination of the learner's pre-existing attitudes and experiences [3]. 

Piaget [4] describes learning as occurring as the result of constructing meaning based on individual’s experience 

and prior knowledge. 

 

TABLE 1.Prior knowledge and the materials 

Prior Knowledge  Materials 

Cube net   Cube surface area 

Integer operations  Almost any mathematical topics 

Flow rate   Fluid dynamics (physics) 

Velocity  Uniform and accelerated linear motion (physics) 

Scale  Dilation with scale factor 
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Vocational school students need mathematics concept comprehension of previous educational level (include 

elementary school) as their prior knowledge. Their prior knowledge as existing knowledge should be strongly 

built to ease in receiving new mathematics knowledge in vocational school. Therefore, this research will show 

and describe students’ prior knowledge by investigating vocational school students’ difficulties in solving basic 

mathematics problems. This research will help mathematics educator to know their students’ basic mathematics 

knowledge or prior knowledge. This research is relatively new and almost no similar research before. Previous 

study has been conducted but the focus on what adults remember from their high school mathematics [5].  

 

METHODS 

 

The method of this research was qualitative. Nassaji [6] described that “qualitative research often involves a rich 

collection of data from various sources to gain a deeper understanding of individual participants, including their 

perspectives, opinions, and attitudes.” This research was emphasizing on students’ difficulties explanation in 

solving basic mathematics problems of their prior knowledge including their opinions about the questions. The 

author took five basic mathematics problems randomly. The basic mathematics were taken from previous 

materials and mostly primary education topic. It was because basic mathematics knowledge in primary education 

would be a foundation of learning mathematics further. It would affect students’ performance in junior high school 

and then affect students’ performance in high school or vocational school. The chosen topics were cube nets, 

integer operations, flow rate, velocity, and scale. Then 5 questions were constructed to represent those 5 topics as 

shown in table 2. The test would not be multiple choice, but instead would be an essay test, which required students 

not just to recognize information, but to recall it. Previous research showed that test scores always go down on 

the order of 20 up to 40% when author switched the same questions from multiple-choice to short-answer form 

[7]. Essay test involved recalling process, but multiple choice only used recognition process. “… a much more 

extensive memory search is required in recall than in recognition” [8].  

 

TABLE 2. Topics and Questions of Basic Mathematics as Students’ Prior Knowledge 

Number Topics The Questions 

1 Cube Nets Draw 4 different types of cube nets 

2 Integer Operations Determine the result of 

.....)4()3(212   
3 Flow Rate 50 liters of water flowed into the pond within 

15 minutes. The flow rate is   .... liter / hour 

4 Velocity Dad left for office by car at 09.00 and arrived 

at 10.30. If the distance between the house and 

the office is 69 km, the car velocity is ... km / 

hour 

5 Scale The distance of two schools in a map is 12 

cm. If the actual distance of the two schools is 30 

km, the scale on the map is ... 

The questions sheets were applied to 108 vocational school students. They were all 12th graders majoring in 

nursing and pharmacy. These questions would remind them the basic mathematics in their previous education. 

After answering all the questions, the students were given the opportunities to comment on the questions. They 

could choose the easiest and the hardest question and could give the reason why they choose. The form was shown 

in table 3. 

TABLE 3. The Form of Vocational School Students’ Survey 

 Number Reason 

The easiest questions …………. ……………. 

The hardest question ………….. ……………. 

 

 

RESULT AND DISCUSSION  
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Mostly students answer accurately on the topic of integer operations. Students mostly make mistakes on the flow 

rate problems. The number and the percentage of students who answer accurately in each topic is as follows. 

TABLE 4. The Number and Percentage of Students who Answer Accurate 

No Topics Number of 

students who give 

accurate answer 

% 

1 Cube Nets 71 65.74 

2 Integer Operations 95 87.96 

3 Flow Rate 57 52.78 

4 Velocity 84 77.78 

5 Scale 68 62.96 

 

When students try to construct cube nets, it involves spatial skills.  Cube has six faces of congruent squares, 

thus cube nets must also have six congruent squares. Some students draw more or less than 6 congruent squares 

in constructing cube net (a.5, a.6, a.7, a.8). Some others show 6 congruent squares but they can’t be folded to 

make a cube (a.2, a.3, a.4, a.9). There are also some students drawing net such a.1 which three squares look 

separate from three other squares. Some other inaccurate responses are showed in b.1 and b.2. Their answers on 

this cube net problem are only rotations (turn it round) and reflections (turn it over) each other. 

 
FIGURE 1. Students’ Errors in Solving Cube Nets Problem 

When students try to construct cube nets, it involves spatial skills.  Cube has six faces of congruent squares, 

thus cube nets must also have six congruent squares. Some students draw more or less than 6 congruent squares 

in constructing cube net (a.5, a.6, a.7, a.8). Some others show 6 congruent squares but they can’t be folded to 

make a cube (a.2, a.3, a.4, a.9). There are also some students drawing net such a.1 which three squares look 

separate from three other squares. Some other inaccurate responses are showed in b.1 and b.2. Their answers on 

this cube net problem are only rotations (turn it round) and reflections (turn it over) each other. 

  Based on the survey involving vocational students, 48,81% of  students had chosen cube nets as the easiest 

question to answer. Then, most of students explained their reasons. 71,88% of students who stated 

reasons/comments in choosing cube nets as the easiest questions, said that cube nets could be imagined and the 

question didn’t involve any formulas. While 28,12% said that the type of cube nets were easy to remember. In 

contrast 11,39% students said that cube nets was the most difficult problem to solve. It was because they felt 

difficult to imagine of three dimensional object. 
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FIGURE 2. Students’ Errors in Making Nets by Only Reflecting and Rotating a Cube Net 

 

In solving integer operations problem, the students should remember order of operations. When a problem 

involves multiple operations, the steps are in the order of PEMDAS. PEMDAS stands for Parentheses, Exponents, 

Multiply & Divide, Add & Subtract.  There are two main difficulties that can be identified from students’ answers. 

The steps show accurate order of operations, but inaccurate calculations (c.1, c.4), the steps show accurate 

calculations, but inaccurate order of operations (c.2, c.3). 

 

FIGURE 3. Students’ Errors in Solving Integer Operations Problem 

 

Based on the survey involving vocational students, 45,24% of students have chosen integer operations as the 

easiest question to answer. Their reason is that the concept is still being studied in vocational school (58,62%). 

Some other students express that it only involves simple operations (41,38%). In contrast 6,33% students say that 

integer operations is the most difficult problem to solve. It is because of confusing operations when positive and 

negative integers are involved simultaneously in operations. 

 In solving flow rate problem, the students should understand flow rate concept as volume of fluid which 

passes per unit time.  But most students solve the problems simply by using flow rate formula: flow rate = 

volume/time. Besides that, the students must do time conversion first before using that formula. The time 

conversion is focused on changing minute to hour. In fact, some students didn’t do this conversion (d.2). Some 

other students did the conversion but inaccurate (d.3, d.5, d.6). Besides that, students performed inaccurate 

calculations (d.1) and wrong formula (d.3, d.4). 
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FIGURE 4. Students’ Errors in Solving Flow Rate Problem 

 

In solving flow rate problem, the students should understand flow rate concept as volume of fluid which passes 

per unit time.  But most students solve the problems simply by using flow rate formula: flow rate = volume/time. 

Besides that, the students must do time conversion first before using that formula. The time conversion is focused 

on changing minute to hour. In fact, some students didn’t do this conversion (d.2). Some other students did the 

conversion but inaccurate (d.3, d.5, d.6). Besides that, students performed inaccurate calculations (d.1) and wrong 

formula (d.3, d.4).  

 Based on a survey involving vocational students, there are only 3,57% of students who have chosen flow 

rate as the easiest question to answer. The reason is that they still remember the formula. In contrast 26,58% 

students say that flow rate is the most difficult problem to answer. It is because they forget the formula (77,78%), 

forget the method (5,56%), and find it difficult to do time conversion (5,56%). 

In solving velocity problem, students should remember velocity concept as displacement per unit time. 

Velocity equals to distance divided by time or v=d/t. In Indonesian term, the familiar formula is k = j/w, which k 

is kecepatan (time), j is jarak (distance), and w is waktu (time). It can be written j=k.w. The difficulties are about 

time and time conversion (e.1,e.4), calculations (e.2), and formula (e.3). 

 

FIGURE 5. Students’ Errors in Solving Velocity Problem 
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  Based on survey involving vocational students, there are only 1,19% of students who have chosen velocity 

as the easiest question to answer. But in contrast, high percentage (34,18%) of students said that velocity is the 

most difficult problem to solve. It is because they forget the formula (44,44%), forget the method (33,33%), and 

find it difficult to do time conversion (18,52%). 

Question 5 is about scale on a map. Students should understand the meaning of scale concept as the ratio of a 

distance on the map to the corresponding distance on the ground. The students determine scale on a map by simply 

using formula scale = distance on a map / actual distance. The difficulties are about length conversion (f.1, f.6), 

formula (f.2, f.4), and scale writing concept (f.2, f.3, f.5, f.6). 

 

 

FIGURE 6. Students’ Errors in Solving Scale Problem 

 

Based on survey involving vocational students, there are only 1,19% of students who have chosen scale as the 

easiest question to answer. But in contrast, 21,52% students say that scale is the most difficult problem to solve. 

It is because they forget the formula (33,33%), forget the method (27,78%), find it difficult to compare (11,11%), 

and find it difficult to do length conversion (16,67%). 

Most students give inaccurate answer on flow rate problem (47.22%). They find it difficult because they forget 

the flow rate formula. These difficulties are also indicated when students work on velocity and scale problems. 

Figure 6 strengthens the evidence that students find it difficult to answer questions about the flow rate, velocity, 

and scale problems. It is because they only memorize the formula without understanding it. Thus, without formula, 

they will do nothing. It indicates that students prefer procedural approach (formula-driven) to conceptual approach 

(concept-driven) in solving mathematics problems [9]. The first thing students imagine when it comes to solve 

the problem is the “formula”. For example when asked “What is the area of a field 20 meters by 1500 

centimeters?” Students with procedural understanding is likely to use the formula to ease their area calculation 

(length x width), but may have trouble ascertaining the area units of the field [10]. In contrast, figure 7 shows that 

the easiest question is cube nets. The students’ reason is that because it doesn’t involves any formula.  
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FIGURE 7. Students’ Survey about The Hardest and The Easiest Problem 

 

Memorizing formula without any meaningful information will also burdened students’ short term memory. 

Strong evidence supports the idea that forgetting typically is a result of interference and capacity-overload [8].  

The construct of working memory is a limited capacity resource that concurrently processes and also preserves 

information [11]. In order to overcome that problem, some students use mnemonics strategy as elaborative 

rehearsal to memorize the formula of velocity. One of mnemonics component is the first-letter method or 

acronyms [8]. Velocity equals to displacement per unit time or v=d/t. In Indonesia, the familiar formula is k = j/w, 

which k is kecepatan (time), j is jarak (distance), and w is waktu (time). Thus it can be written j=k.w. Mnemonics 

will let students to remember the formula by using the term JOKOWI (the current President of Indonesia) to 

represent the formula of j=k.w. It absolutely ease the encoding process. But using formula only is a bad habit 

because it only involves procedural approach (formula-driven), without conceptual approach. Conceptual 

knowledge is related to critical thinking as both imply an awareness of how student thinks of concepts/content 

[12,13]. If the students have both conceptual and procedural understanding, they should be able to use the formula 

and understand the concept [9]. 

11,11 % students who say scale is the most difficult problem is that because they never encounter such a 

problem lately. 3,7% students who said velocity is the most difficult problem is also give the same reason. This is 

related to one of theories about forgetting namely decay theory [14]. Decay theory states that the stored 

information will be weakened so that the information will be difficult to retrieve from storage and will even 

disappear if the information is not used. It indicates that frequency in using of the concept determine the students’ 

performance in answering these questions. In this way, practice of a skill is leading to the selection of memory as 

the most efficient strategy [15]. The students realize that integer operations concept is easy because it is still used 

until now in vocational school. 

CONCLUCIONS 

Being vocational school students is not guarantee that they will able to solve any basic mathematics problems 

including primary education materials as their prior knowledge. Based on percentage showing in table 4, some 

students perform inaccurate answers of basic mathematics questions, especially question about flow rate, scale, 

and velocity.  There are some difficulties can be identified, such drawing more or less than 6 congruent squares 

in constructing cube net; ordering operations (integer operations); time conversion, calculation, formula (flow rate 

& velocity);length conversion (scale). Whereas those basic concepts will be prior knowledge for several 

mathematics (and other lesson) concepts in vocational school. Flow rate concept is one of prior knowledge for 

fluid dynamics (physics), cube net concept is one of prior knowledge for cube surface area, integer operations is 

a prior knowledge for almost any mathematical topics, velocity is one of  prior knowledge for uniform and 

accelerated linear motion (physics), and scale can be prior knowledge for dilation with scale factor. 

Most of students consider that the problem of cube nets is the easiest question to answer. It is because 

cube nets can be imagined and do not involve any formulas. While students consider that velocity problem is the 

most difficult problem to solve. It is because they forget the formula, forget the method, and find it difficult to do 

time conversion. But, highly qualified prior knowledge assessment needs not only performance-based test. 
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Performance-based test can be combined with self-assessment (academic self-beliefs) in conducting prior 

knowledge assessment [16]. 

. 
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