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Abstract 

There are many applications of logarithms concepts to real life. The widely use of logarithms concepts 

has encouraged the students to explore the learning. Nevertheless, the problems of getting deep 

knowledge and deep understanding of logarithms have been shown in assessment tasks in schools. The 

abilities of using mathematical language to communicate and also think mathematically are the 

complements of learning logarithmic. The learning includes laws, their relationship to the index and 

logarithmic laws. This paper aims to investigate how the students communicate mathematically trough the 

presentation of the solutions in answering logarithmic questions. A total of 200 students were involved in 

this study. A test which consists of 20 questions was used as an instrument in the study. The students‟ 

workings and the common mistakes done in logarithms were investigated. The result shows that students 

are able to work out the routine calculations in logarithms, but they are less capable to solve problems 

which require higher level of cognitive thinking. 

 

Introduction 

John Napier (1550 – 1617) is the person who was first introduced logarithms in 1614 (Rafael, 2008). 

With the use of logarithms, he developed ideas that shortened time to do extensive and complex 

calculations. Although information technologies such as calculators and computer have taken over this 

computational role, logarithms remain a great tool for calculation in mathematics and sciences. 

Supplementary, logarithms are central concepts for many college mathematics courses, including 

calculus, differential equations, and complex analysis. However, Napier approaches about logarithms was 

different from the form used today (Ladhani, 2002). 

 

Numerous secondary students have difficult time with logarithms. For them, logarithms are the new 

knowledge. Consequently, they always take much time to learn logarithms. In many cases, they simply 
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commit to memory the rules without make an effort to understand it. According to Peter (2004), people 

understand a piece of mathematics if they can explain mathematical concepts and facts in terms of simpler 

concepts and facts. Further research on students‟ understanding of logarithms is essential as the 

importance of these function and low level of understanding (Chua, 2003). Thus, this study was carried 

out with the aims of exploring the students‟ level of understanding of logarithms. Consequently identify 

the types of errors they have made. This paper presents the finding of this study, followed by discussion 

and implications of this study for classroom practice that means as plateful teachers for them to make use 

of this research in a momentous way.  

 

Methods 

This study involved the gathering of data through a subjective test instrument which was administered to 

students in four secondary schools. 

 

Test Instrument 

Table 1: Sample Test items by category 

Category Sample Item 

Knowledge or Computation Find the value of log3 3
8
 

Understanding Express loga x
3 
y

4 
z

-1
 in terms of loga x, loga y,  and loga z 

Application Given that log3 a = m and log5 a = n. Express loga = 45 in terms of m and n 

 

Test paper only contains subjective questions to include concepts for each subtopic. The items were 

arranged based on modified version of Bloom‟s Taxonomy (Bloom, Engelhart, Furst, & Krathwohl, 

1956): Knowledge or Computation, Understanding, and Application. The Knowledge or Computation 

category contains routine questions that require not only direct recall or application of the definition and 

laws of logarithms, but simple manipulation or computation with answers obtained within one to three 

steps as well. Moreover, the items in the Understanding category involve the recall of definitions or the 

application of logarithmic laws and also entail some understanding of the underlying concepts of 

logarithms. Finally, items in the Application category require the students to develop their own 

techniques for solving problems. In terms of cognitive level, the Knowledge or Computation category is 

the lowest of the three while Application category is the highest. 

 

The instrument used in this study was self-constructed intended to suit the exam-oriented education in 

Malaysia. The validity of the instrument was tested by a content expert. Time allocated for the students to 

response to the test items was 90 minutes. The test instrument that named as ToSuL (Test of Students 
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understanding of Logarithms) consists of 20 test items; 9 Knowledge or Computation test items, 7 

Understanding test items, and 4 Application test items. The use of non-programmable scientific calculator 

is allowed during the test.  

 

Participants 

There were 200 Form Five students who were participated on this study. The students were randomly 

selected from four secondary schools. The participants were mixed ability, which was a mix of good, 

average, and weak students. These students were Form Five students between the ages of sixteen and 

seventeen years old.  The schools were involved were government school located in Shah Alam, 

Selangor. For each school, only two classes were randomly selected to be involved for the test.  

 

Data Collection 

Instrument ToSuL was administered to secondary school students. The processes of data collection in 

each school were divided into two sessions. For the first session, teachers helped the students to do some 

revision on the topic of logarithms. For the second session, students were given 90 minutes to answer the 

questions in ToSuL. Students‟ responses were then marked according to the answer schemes. The types 

of mistakes that the students did were then identified.  

 

Findings 

The results of this analysis give a lot of information about students‟ ability and knowledge when working 

with logarithms. There are two main findings. The first finding was revealed in terms of the common 

mistakes done by the students. The second finding was discovered from specific mistakes analyzed from 

the steps of the solutions. The general remarks about the students‟ common mistakes in working with 

logarithms were identified into 15 different types (as listed in Table 2). Table 2 shows the common 

mistakes done by the students in terms of frequencies.  
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Table 2:  Types of Common Mistakes and its frequency 

Code for 

Common Mistake 

Types of Common Mistakes Frequency 

occur in ToSuL 

C1 Change logarithmic form to index form incorrectly and vice 

versa.  

81 

C2 Not directly use calculator to find the value of logarithm of base 

10. 

10 

C3 Wrong concept of Antilogarithm. 52 

C4 Misconception about the first law of logarithm. 130 

C5 Misconception about the second law of logarithm. 150 

C6 Misconception about the third law of logarithm. 49 

C7 Change base of a logarithms incorrectly. 38 

C8 Incorrectly choose new base in solving logarithmic problem.  124 

C9 Simply cancelled out the log notation. 82 

C10 Does not change the non-logarithmic term into logarithmic term 

when simplify a logarithmic expression.  

36 

C11 Expand the logarithmic term when simplify a logarithmic 

expression. 

33 

C12 Do any substitutions wrongly. 59 

C13 Wrong algebraic operation/ algebraic concept in working with 

logarithms. 

148 

C14 Did not show certain important step when working with 

logarithms. 

159 

C15 Wrong indices operation and characteristic of logarithms. 92 

 

 

None of the participants obtained full mark in ToSuL. Each of them made at least one mistake when 

answering ToSuL. The indication of in-competent of the skills in solving logarithm questions is shown in 

Table 2. It shows that students faced difficulties when working with logarithms. The results reflect 

agreement from Chua (2003) and Berezovski (2004) on students‟ mistakes while solving logarithmic 

problems. They strongly concurred that students need some helps in learning this topic.   

 

Table 2 shows most of the students (Frequency = 159) liked to skip certain important steps (as in C14). 

Other than that, among the three laws of logarithm, most of the students (Frequency =150) made mistake 
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when working with the second law of logarithm (as in C5). Some (Frequency = 49) of them did mistakes 

when working with the third law of logarithm (as in C6). This analysis also shows that many of the 

students (Frequency = 148) worked algebraically wrong in solving the logarithms questions (as in C13). 

Another serious mistake that students did in ToSuL is they wrongly decided new base of a logarithm in 

solving problem (as in C8). In this study, the result shows that some students were not able to convert 

logarithmic form into index form and vice versa as indicated in C1. They answered wrongly due to failing 

to state the notation of logarithmic form and index form. Another common mistake occurs in ToSuL can 

be found in response Q7, where the participants applied first law of logarithms incorrect or faced some 

problems with multiplicative rule while working with logarithms.  

 

 

Table 3: Participant‟s Responses to Q7 

Item Student’s Working 

Item 7: Given that  and 

, find the value of  without 

using the calculator. 

 

           =  

           = 0.43  0.68 

          = 0.2924 

 

Table 4, Table 5, Table 6, Table 7 and Table 8 specifically present the mistakes done by the students. The 

descriptions are based on the categories of Knowledge or Computation, Understanding, and Application. 

 

In Understanding category, it is found that students commonly did mistakes with the wrong application of 

law of logarithms. It can be found in the response Q10 where students did not apply the third law before 

making any substitution. Consequently, the answer yielded was wrong. Table 4 below shows an example 

of the solution.  

 

Table 4: Participant‟s Responses to Q10 

Item Student’s Working 

Item 10: Given that  and  

express y in terms of a and b. 

y =  +  

              =  + b 

 

Other than that, it can be found in the participant‟s response Q14 that students failed to apply law of 

logarithms simultaneously for more than two logarithmic terms. They also did indices operation wrongly 
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and algebraically wrong in working with logarithms. Table 5 below shows serious mistakes that student 

made while showed response to item 14. 

 

Table 5: participant‟s Responses to Q14 

Item Student’s Working 

Item 14: Express  in terms of 

 and . 

 

=  

=  

 

Furthermore, students also trapped on the simplification of the logarithmic expression. When they were 

given a logarithmic expression to simplify, they did not understand the meaning of „simplify‟. They were 

supposed to reduce or simplify the logarithmic terms but in many cases, students made the terms 

complicated by expanding some logarithmic term and wrongly applying laws of logarithms. The 

confusion of the word simplifying and expanding caused them the failure of the correct solutions. On the 

other hand, some students did not change the non-logarithmic term into logarithmic term. Enlightening on 

changing „1‟ into „ ‟ should be met in order for them to simplify logarithmic expression, where they 

need to change all terms into logarithmic term in order to apply the law of logarithms. Besides, it shows 

that students experienced difficulties with the characteristics of logarithms, where  Table 6 

below shows the incorrect responses for Q12. 

 

Table 6: Participant‟s responses to Q12 

Item Student’s Working 

Item 12: Simplify log2 xy – 2 log2 y + 1. log2 xy – 2 log2 y + 1 

=  

=  

=  + 1 

 

Other than multiplicative rule, students are influenced by their knowledge of distributive law that made 

them incorrectly apply the first law of logarithms. Table 7 below shows that students were not only 

influenced by their knowledge of distributive law while applying first law of logarithms, but they simply 

cancelled out the log notation in both sides of logarithmic equation.  
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Table 7: Participant‟s Responses to Q18 

Item Student’s Working 

Item 18: Solve logp (5x - 4) = 2 logp 3 + 

logp 4. 

(i) logp (5x – 4) = 2 logp 3 + logp 4 

            (5x – 4) =  + 4) 

               5x – 4 = 13 

                     5x = 13 + 4 

                       x =    

(ii) logp (5x – 4) = 2 logp 3 + logp 4 

                5x – 4 =  + 4 

                5x – 4 = 13 

                      5x = 13 + 4 

                        x =    

 

 

In Application category, other than mistakes in applying the law of logarithms, students were facing 

problems on changing the base of logarithms. Some of the students know how to change the base of 

logarithms, but many of them did not know the choosing of the appropriate base for the problem. Table 8 

below shows the consequent when students decided wrongly about the new base for the problem.   

 

Table 8: Participant‟s Responses to Q16 

Item Student’s Working 

Item 16: Simplify log4 x – log8 x
2
. log4 x – log8 x

2
 =  –  

                        =  

                        =  

                        =  

 

Discussion and Implication for Instruction 

The results of this study appear to highlight the common mistakes done by the students when working 

with logarithms. Teachers can take it as a reference so that they can put great effort to help their students 

from doing the same mistakes over and over again. Therefore, teacher needs to suggest and implement 
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proper techniques in teaching logarithms so that students can acquire deep understanding in logarithms. 

Hiebert & carpenter (1992, cited in Kastberg, 2002, p. 1) stated “one of the most widely accepted ideas 

within the mathematics education community is the idea that students should understand mathematics”. 

Therefore, this paper gives some valuable suggestion towards teaching and learning logarithms. 

 

According to Chua (2003), it is a good strategy to spend time at the beginning of the lesson when 

introducing the topic of logarithms in order to have students articulate the logarithms expression first and 

explain its meaning before evaluating it. For instance, when introducing about , get students to 

read it as “Logarithms of N to the base of a equal to x”. In doing so, an attempt is made to get students to 

see that the expression is not merely made up of five separate entities but rather a single numerical value 

which turns out to be an exponent. In addition, teachers need to state to the students that N is a logarithm 

of a number, a is a base of a logarithm, and x is the value of logarithm of a number to corresponding base. 

This is vital to make students more understand about what the logarithms is all about. Furthermore, 

Kenney (2005) suggested that without deep understanding of logarithms and its usage, students must rely 

on memorisation, which usually proves unsuccessful for the long term. Therefore, teachers need to find 

different approaches of doing more than just teach the process and properties involved in logarithms and 

instead make logarithmic objects to which students can relate.  

 

Results of this study show that students faced difficulties which involving logarithmic notation. 

Therefore, it is necessary for teacher to firmly establish it at the beginning of the logarithmic lesson. Give 

them the various tasks that involving the various notations so that they will develop it later. Furthermore, 

teacher needs to stress on the differences between distributive law and multiplicative law with the law of 

logarithm. Teacher cannot simply state about laws of logarithms and about its inequalities without explain 

why the inequalities cannot be occur in logarithms. Therefore, teacher needs to find good approaches to 

ensure students understand the differences of the laws of logarithm and the distributive law that occurs in 

algebraic operation. 

 

In addition, instructional word and terminologies used while teaching logarithms needs to clearly stated 

and explained to students in order to reduce misunderstanding while they complete the logarithmic tasks 

(Berezovski, 2004). Here, teacher needs to clearly state the term of „logarithmic term‟, „logarithmic 

expression‟, and „logarithmic equation‟. Furthermore, teacher needs to clearly explain the instructional 

word in logarithm task. For instances, „express…‟, „convert…‟, „find the value of…‟, „evaluate…‟, 

„solve…‟, simplify…‟, and „show…‟. 
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It is also vital for teachers to have some test for seeking some information about students‟ level of 

understanding of logarithms. According to Kastberg (2002), a teacher often assumes a student 

understands a concept that has been presented but the students are actually facing problem to recall it. 

Therefore, test of understanding logarithms is needed in order to investigate students‟ difficulties in 

learning logarithms before the teacher can find a way to help the students to reduce their difficulties.  

 

Conclusion 

This study explores the common mistakes that student make in logarithms task. Students‟ common 

mistakes in learning logarithms include failing to remember the definition of logarithms, wrong 

application of laws of logarithm, confusedness with their prior knowledge, did not know the appropriate 

base to use while changing the base of logarithms, and did not understand the instructional word in 

logarithms task. This study also does support some researchers‟ claims about students‟ difficulties in 

working with logarithms. 
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