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Abstract 

 

Reasoning skills are very important in encouraging students to think more critically and logically, as depicted in the Malaysian Education Development 
Plan (2013-2025). Therefore, this study looked into improving the Differentiation Reasoning Level (DRL) of reasoning skills among students for a topic in 

the Additional Mathematics subject,  known as Differentiation, through reasoning learning strategy. The study participants consisted of a total of 31 

students from a secondary boarding school in Johor, selected through a purposive sampling method. A pre-test was carried out for the participants, from the 
advanced level, followed by a number of repetition tests, before the post-test assessment was conducted. The data collection for this study employed a set 

of Reasoning Test on Differentiation (RTD) and 10 sets of learning activities on Differentiation based on modified Marzano Rubric for Specific Task of 

Situations (1992). This dimension involved four types of reasoning skills, namely,  comparison, classification, inductive, and deductive. The survey data, 
through paired samples t-test, revealed a significant difference between the mean scores in pre-test and post-test (p <0.05). In addition, the paired sample t-

test showed a significant difference on the level of reasoning among students from each construct in the reasoning skills before and after using this module. 

In conclusion, the Marzano Model of Dimensional Learning (1992) is a thinking skill model that can help improve students' reasoning skills. The model 
covers analysis aspects of what has been learned by implementing the process of identifying reasons, which will help students to add and expand their 

knowledge. The findings also implied that, the processes of teaching and learning play an important role in ensuring students’ capability to emphasize on 

the implementation process of reasoning skills. 
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1.0  INTRODUCTION  

 

The Malaysian Education Development Plan (2013-2025) has stipulated reasoning skills as one of the major components in Higher Order 

Thinking Skills (HOTS) to be mastered by students. The main focus of the curriculum is to foster Higher Order Thinking Skills (HOTS) 

in order to produce students who could demonstrate their own abilities through reasoning skills [1]. Findings of previous studies have 

shown that, Malaysian students, whether at school or university levels, are less proficient in reasoning skills [2, 3]. As such, all parties 

should join their efforts and expertise to help raise the levels of students’ reasoning skills, so that, they become more competitive towards 

the 21st century. The need for students to master Mathematical reasonings is seen as important when they learn Mathematics, particularly 

for analytical mathematical topics, such as Differentiation, failure of which, in the early stages of learning, will affect further learning of 

Mathematics at higher levels.  

Realizing the importance of the Differentiation topic in a broader context and its relation to students’ achievement at higher levels in 

critical courses, [4] found that most UTM engineering students were weak in Fundamental Calculus due to their very limited pre-

knowledge about the subject. Meanwhile, results of a study conducted by Julaihi et al. (2008) [5]  found a correlation between academic 

achievement of engineering students at Universiti Teknologi Mara (UiTM) at the diploma level and their prior achievement in  SPM level 

for Mathematics, especially on the topics of Differentiation and Integration, and Physics. 

A preliminary study to identify the level of students’ reasoning through Reasoning Test of Differentiation Questions or Ujian 

Penaakulan Soalan Pembezaan (UPSP), conducted by Mohamad Nizam et al., (2016) [6] proved that, the requirement for students to 

master mathematical reasoning was at a sufficient level, but it widens to a larger context when they learn mathematical concepts that are 

analytic in nature, such as Calculus (differentiation, integration etc.). All of the above findings showed the importance of mastering 

Calculus among students when undertaking critical courses in the university, the basis of which, must essentially be gained while in 

secondary school education. 

Once the required skills can be successfully mastered, they become useful tools for the students to understand and master any 

mathematical concept. Researchers have used Marzano’s Extending and Refining Knowledge Dimension [7] to improve the quality of 

students’ thinking skills, particularly, reasoning skills. This dimension describes very complex thinking skills in the learning process and 

it has the ability to increase HOTS-based reasoning of students [8]. Based on the dimension, reasoning skills can be divided into two 

stages, namely, low level (the ability to classify and make comparisons) and high level (inductive reasoning and deductive reasoning). 
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Thus, students need to acquire the skills at both levels so that, they can carry out the stages of reasoning effectively, thus enabling them  to 

expand and improve their knowledge.  

 

 

2.0  PROBLEM STATEMENT 

 

Information, evidence and critical arguments stated in most of the studies by Mohamad Nizam et.al., 2016, Yee Mei Heong et al., 2015 

and Yudariah & Roselainy (1997) ([6], [9] and [4]) suggested that, there exists empirical evidence to indicate that Malaysian students 

acquired the procedural understanding   and Low Order Mathematics Thinking Skills (LOMTS) but had less mastery of conceptual 

understanding and High Order Mathematics Thinking Skills (HOMTS), especially reasoning skills. Reasoning skills are one of the main 

components in HOMTS to be mastered by students as set forth in the Blueprint 2012-2025. Weakness in the mastery of mathematical 

reasoning skills among students at the primary level is expected to have significant impacts on the success or failure of Mathematics 

learning at the higher level.  

This reasoning weakness is commonly associated with Mathematical learning difficulties experienced by students. Empirical 

evidences are aplenty which showed that, many Malaysian students have problems in mastering both aspects of Mathematical learning, 

namely, conceptual understanding and HOMTS. The requirement for students to master mathematical reasoning was at a sufficient level, 

but it widens to a larger context when they learn mathematical concepts that are analytic in nature, such as Calculus (Differentiation, 

Integration, etc.). A systematic and rigorous study must be conducted in order to develop effective learning strategies and methods in 

helping students master the reasoning skills in Mathematics learning, especially for such analytical Mathematics topics as Differentiation. 

 

 

3.0  METHODOLOGY 

 

A pre-test was carried out for the participants, from the advanced level, followed by a number of repetition tests, before the post-test 

assessment was conducted. The study was held for six week and involved 31 from four secondary school in Johor taking Additional 

Mathematics, selected by purposive sampling. All respondents in the group had learned the concept of Differentiation traditionally prior to 

being exposed to SPPP. 

This study design is a Learning Strategy for Differential Reasoning or Strategi Pembelajaran Penaakulan Pembezaan (SPPP) which 

is expected to support students’ learning in the Differentiation topic, covering all the skills contained within it. Data analysis was 

conducted according to the following perspectives: 

a. Collection of Differentiation Reasoning Level (DRL) Data through Reasoning Test on  Differentiation (RTD), comprising Pre- and 

Post- tests. 

b. Reasoning Level Data for each student was obtained from four components, namely, comparison, classification, inductive and 

deductive through Pre- and Post-tests.  

The data were collected using RTD based on Marzano’s Rubric for Specific Task of Situations (1992) to determine the students' level 

of reasoning on their achievement in Differentiation, which is a topic in Additional Mathematics subject. The RTD a two-stage nonroutine 

problem solving instrument that consists of four components namely, comparison, classification, inductive and deductive contained in 

SPPP. These skills are the important elements to generally define the students' reasoning ability in the context of Marzano's Learning 

Dimension. The first stage is to solve nonroutine problem for the topic of Differentiation, followed by discovering and investigating the 

answers that should be given using reasoning to develop an understanding of a mathematical concept. Students have to solve the problem 

given in the first stage, and then reason in the second stage to allow them to obtain the highest score of 4 for each item. The RTD scoring 

scheme consists of four items that cover all the topics of Differentiation according to the Additional Mathematics Syllabus Description 

outlined by the Curriculum Development Division.  
 

 

4.0  DATA ANALYSIS 

 

Descriptive statistics such as mean and standard deviation was used to describe the data distribution. Inference test analysis was also used 

to study the impact of SPPP developed, as shown in Table 1 to help students improve their DRL through RTD, and to improve their 

Reasoning Level through the four reasoning components, namely, comparison, classification, inductive and deductive. 

 
Table 1 Study design and data analysis method 

 

No. Research Type Analysis Method 

1 Descriptive Mean score and standard deviation 

2 Inference Paired Sample t-test  

 

 

The findings were translated into scores and mean scores of the students’ Reasoning Level, based on each of the reasoning components as 

described  in Table 3 below: 
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Table 2 Score interpretation for  reasoning components 

 

Score Reasoning Level 

1 Low 

2 Moderate 

3 Good 

4 Excellent 

(Source: Adopted from Marzano, 1992) [10] 

 
Table 3 Mean score range interpretation for reasoning components 

 

Mean Score Reasoning Level 

1.00 – 2.00 Low 

2.01 – 3.00 Moderate 

3.01 – 4.00 High 

(Source: Adapted from Wiersma, 2000) [11] 

 

 

5.0  FINDING 
 

Based on the findings of the study, Paired Sample T-Test was conducted to confirm if there was a significant difference in pre- and post-

SPPP intervention results. Results of the analysis in Table 4 shows that, there was a significant difference in DRL mean scores before and 

after learning, using SPPP (t = -27.47; p <0.05). 

 
Table 4 Paired sample t-test for drl before and after learning using SPPP 

 

A measurement was subsequently made to see the impacts caused to students’ achievement by the difference between pre- and post-test 

scores, as summarized in Table 5 below: 

 
Table 5 DRL statistics before and after learning using SPPP 

 
 
 
 
 
 
 
Referring to the value of d = 0.961 (Cohen, 1988) obtained above, the difference in  DRL mean scores of the students’ pre-test and post-

test has a significant impact on students’  DRP on the  Differentiation topic. This shows that, the results of the findings suggest that 

learning using SPPP can increase the percentage of DRL scores of the students who participated in this study. 

 
Table 6 Increased percentage in DRL achievement test scores before and after learning using SPPP 

 

  DRL Score Percentage  

Pre Post Improved Score 

% Score % Score 

Minimum 18.0 66.7 48.7 

Maximum 48.7 87.2 38.5 

Mean 29.4 83.0 53.6 

Range 30.8 20.5 10.3 

 

DRL 

Paired Differences 

t df 
Sig. 

 (2-tailed) Mean Std. Deviation Std. Error Mean 

95% Confidence Interval of 

the Difference 

Lower Upper 

Pra ~ Post 
-53.68 10.88 1.95 

-57.67 
 

-49.69 -27.47 30 .000 

Pairs Mean 

Standard 

Deviation 

Sig. 

(2-tailed) Cohen d 

Pre-Test 11.45 3.38 

0.000 0.961 
Post-Test 32.39 2.31 

Pre-Test ~  
Post-Test 
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Table 6 shows the increased score percentage of the lowest marks, with the improved score of 48.7 per cent, to the highest, with an 

improved score of 38.5. Similarly, it was found that, the minimum and maximum values of DRL score percentage before learning using 

SPPP were 18 and 48.7, respectively, and the values increased after learning using SPPP with the minimum and maximum percentage 

score percentages of 66.7 and 87.2, respectively. In addition, the range of DRL score percentage dropped to 20.5 from 30.8 previously. 

These findings show that, the individual gap among the respondents’ DRL became smaller after learning using SPPP.  

In conclusion, each student showed an improved  DRL mean score, evident from the minimum score percentage in Post-Test being 

higher than the maximum score in Pre-Test. Figure 1 shows the score percentage distribution obtained before and after learning using 

SPPP. Overall, it was noted that, the DRL score percentage after the SPPP intervention. 

 
 

         
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 DRL score percentage distribution before and after learning using SPPP 

 
Results of Mean Score Data Analysis For Each Students’ Reasoning Component Before and After Learning Using SPPP Skills 

 
Table 7 below shows a description of the number of students with score difference after learning using SPPP. 

 
Table 7 Changes experienced by the students in the four reasoning components  after using SPPP (Figures in parentheses indicate percentages) 

 

Change categories pre- and post- test 

after using SPPP 
Number of Respondents 

Comparison Classification Inductive Deductive 

High improvement 18 

 (58.1 %) 

12  

(38.7 %) 

21  

(67.7 %) 

12  

(38.7 %) 

Moderate improvement 10  

(32.3 %) 

18 

 (58.1 %) 

9 (29.1 %) 19 (61.3 %) 

Low improvement 3  

(9.6 %) 

1  

(3.2 %) 

1(3.2%) 0 

Overall 31 31 31 31 
* Note: Change categories 

High improvement= spurt (3 scores) 

Moderate improvement = spurt (2 scores) 

Low improvement = spurt (1 score) 

 
 
Table 7 shows that, there was a change of scores for each component, divided into three categories, namely, high improvement, moderate 

improvement and low improvement,  based on the given scores of 1, 2, 3 and 4, with spurts of scores of 1, 2 and 3. This improvement was 

concluded by the researchers as a high improvement, with a total of 18 students for the comparison component, 12 students for the 

classification component, 21 students for the inductive component and 12 students for the deductive component. Similarly, the moderate 

improvement and the low improvement went the way same way, with a 1 score. The information obtained also served as indicators of the 

effectiveness of SPPP. 

Figure 2 shows the mean score difference for each of the reasoning components before and after using SPPP. It shows that, learning 

using SPPP proved  itself to successfully improve the mean scores of all the reasoning components with the highest difference being 

obtained from the deductive reasoning component, with mean percentage of Pre-Test score =26.2 improving to 92.5 percent in the Post-

Test, a score improved percentage of 66.3. In addition, all the reasoning components also showed improvements with very good mean 

percentages, namely 58% (comparing), 58% (classifying), 66.3% (inductive) and 59.8% (deductive). 
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Figure 2 Differences in score mean percentage for each reasoning component in pre- and post-tests. 

 
When compared with the score range of reasoning level for each component in Table 3, the students seemed to have a good level of 

reasoning on each component after learning using SPPP. Referring to Table 8, it was found that, the minimum and the maximum scores 

were 1 and 2, respectively, before learning using SPPP, and these scores improved to 2 and 4, respectively, for the comparison 

component. 

Similarly with the other components, there was a slight improvement experienced by the students in the Post-Test.  Overall, the level 

of reasoning for each component after learning using SPPP was good and excellent with average minimum scores in Pre-Test and Post-

Test being 1 and 3, respectively, and average maximum scores 2 and 4, respectively. 

 
Table 8 Improved scores of  reasoning components before and after learning using SPPP 

 

Reasoning Components Mean Range Minimum Maximum 

Comparison Pre Score 1.05 1 1 2 

Post Score   3.37 4 3 4 

Improved Score  2.32 3 2 2 

Classification Pre Score 1.24 1 1 2 

Post Score   3.56 4 3 4 

Improved Score  2.65 3 2 2 

Inductive Pre Score 1.05 1 1 2 

Post Score   3.70 4 3 4 

Improved Score  2.65 3 2 2 

Deductive Pre Score 1.00 1 1 1 

Post Score   3.39 4 3 4 

Improved Score  2.39 3 2 3 

 
The results of t-test showed that, learning using SPPP had a significant difference in the levels of the four reasoning components. The 

components were, comparison [(31) = - 22.097, p <0.05, eta2 = 0.942], classification [(31) = - 32.416, p <0.05, eta2 = 0.972], inductive 

[(31) = - 38.325, p <0.05, eta2 = 0.979] and deductive [(31) = - 26.843, p <0.05, eta2 = 0.960]. This difference could clearly be seen from 

the mean scores before and after learning using SPPP. The mean of the comparison component (M = 1.05), classification component (M = 

1.24), inductive component (M = 1.05) and deductive component (M = 1.00) improved to an excellent level after learning using SPPP, 

namely, M = 3.37 (comparison), M = 3.56 (classification), M = 3.70 (inductive) and M = 3.39 (deductive). All of the mean differences 

were measured at the 0.05 significance level. 
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Table 9 Results of paired samples t-test for  reasoning components before and after learning using SPPP 

 

Component  SPPPP N Min S.P t Sig. 

(2-tailed) 

Cohen d 

Comparison Pre 31 1.05 0.150 -22.097 .000 0.942 

Post 31 3.37 0.577 

Classification Pre 31 1.24 0.285 -32.416 .000 0.972 

Post 31 3.56 0.359 

Inductive Pre 31 1.05 0.213 -38.325 .000 0.979 

Post 31 3.70 0.303 

Deductive Pre 31 1.00 0.000 -26.843 .000 0.960 

Post 31 3.39 0.495 

 
 
6.0  DISCUSSION 
 

The findings thus obtained from the study showed that, overall, the students’ reasoning scores in the four reasoning components of 

comparison, classification, inductive and deductive were at an excellent level. Similarly, their achievement in the Differentiation topic 

improved by heaps and bounds. The reasoning level obtained by the researchers in this study was the same with that proposed by Yee Mei 

Heong (2010) [12] who realized the potentials of the four components to generate Higher Order Thinking Skills (HOTS) among students. 

Based on the components of Reasoning Skills modified from Rubric for Specific Task of Situations developed by Marzano (1992)[10], 

the researchers found that, the levels of the students’ reasoning in all the four components of comparison, classification, inductive and 

deductive were excellent after learning using SPPP. This was because, the 10 activities developed in SPPP were so meticulously arranged 

according to the learning objectives and systematic rating of learning levels tailored to the students’ needs to improve their reasoning in 

terms of comparison, classification, inductive and deductive components. 

Views given by experts in Mathematics education were also taken into account in establishing the SPPP, to ensure that it could help 

improve students’ reasoning skills. In contrast, findings by Yee Mei Heong et. al, (2010) [12] found that, the HOTS level for students 

who majored in technical education in UTHM,  was moderate for comparison, inductive and deductive components, and low for the 

classification component. These apparently less than convincing results might have been caused by such factors as reasoning skills 

assessed not being practised, but merely tested through the instruments provided. Whereas, in this study, the SPPP module was 

systematically established by ourselves, which proved capable of improving the four components of reasoning among students. 

 
 

7.0  CONCLUSION 
 

In conclusion, the Marzano Model of Dimensional Learning [7], based on the Dimension of Expanding and Enhancing Knowledge, is a 

thinking skill model that indeed had improved reasoning skills among students. The model covers analysis aspects of what has been 

learned by implementing the process of identifying reasons that will help students to add and expand knowledge. [10] found that the four 

processes of reasoning were capable of improving the students’ reasoning skills. This notion supports the benchmark specified by the 

Ministry of Education, which is to put Malaysia in the upper third of the international assessments, as measured by TIMSS and PISA, in 

the next 15 years [13]. This aim can be achieved through the efforts to enhance the quality of Malaysian education system. The findings 

also implied that the processes of teaching and learning play an important role in ensuring students’ capability to emphasize on the 

implementation process of reasoning skills. 

Obviously, mathematical reasoning  skills are one of the key elements in Higher Order Thinking Skills which are given a major 

emphasis  in the teaching of Additional Mathematics in Malaysia so that the students will be able to solve problems well, innovatively 

and with arguments based on evidence in  decision making [13]. In addition, Learning Dimensions introduced by Marzano (1999) [10], 

via the third dimension, namely developing and expanding specialized knowledge on reasoning skills could also help increase the level 

of reasoning based on HOTS [8]. 
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