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1.        Introduction 
The cognitive aspect of learning is the ability of student to connect with thinking and mental process in intellectual 
activity. Cognitive knowledge and skills involve the ability to acquire factual information that can be tested. The affective 
learning is acquisition of behaviours that reflect feelings, attitude, appreciations and values (Lashari, 2015). Conative is 
a mental process that encourage voluntary or striving action through the determination of desires and can be observed 
through persistence, initiative and resourcefulness behaviours of an individual’s (Paimin & Alias, 2017). In engineering 
education there is importance task for students and educators to ensure the connection of three aspects; cognitive, 
affective and conative to produce the graduates in appropriate level of engineering knowledge, skills and attitude. The 
connection of these three domains as proposed by Hilgard (1980) in Trilogy of Mind concept for achieving academic 
achievement. Engineering students are expected to develop their competency profile that covers all these domains 
(Paimin, Alias, Prpic, & Hadgraft, 2017). Previous studies involved 100 engineering students in polytechnic showed the 

Abstract: Problem solving is one of the main challenges that needs to be mastered in engineering learning. This 
study aimed at looking whether cognitive, affective and conative elements play role in the process of mastering 
problem solving skills in engineering learning. Cognitive, affective and conative refer to the ‘Trilogy of Mind’ 
concept. Educational innovation from 1980-2016 shows that elements proposed in the ‘Trilogy of Mind’ capable in 
improving academic achievement. Previous studies conducted among engineering students in polytechnics Malaysia 
show the importance of cognitive, affective and conative elements in mastering problem solving in learning. This 
study continued in the process of looking whether cognitive, affective and conative can enhance the engineering 
learning. Strategy (cognitive), attitude (affective) and initiative (conative) are elements that are found to be able to 
improve academic achievement through the mastery of problem solving. An in-depth study is referring to the process 
of looking the relationship between strategy and attitude, initiative and attitude as well as the strategy and initiative. 
This study uses a survey design with a quantitative approach. The sampling method used is a simple random 
technique. A total of 100 engineering students from polytechnics were involved in this study. The data is analysed 
based on inferential statistic. The results showed that planned strategy in problems solving can be influenced by 
students' attitudes. Besides that, student attitude contributes to student initiative level. Strategy is also associated with 
initiative in mastering problem solving. 
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elements of cognitive, affective and conative required in problem solving process and the result also indicates strategy, 
attitude, initiative and intention are the elements that required for engineering students’ learning (Omar, Mohamad, 
Paimin, & Ibrahim Mukhtar (2018). Therefore, this study continued in process of looking whether cognitive, affective 
and conative can enhance the engineering learning. Strategy (cognitive), attitude (affective) and initiative (conative) are 
elements that are found to be able to improve academic achievement through the mastery of problem solving. Since 
engineering education learning is different compared to other programs, it is very important to identify the three aspects 
and their ability to face problem solving skills as readiness in their real world of work. Besides to prepare themselves 
with high level of competencies based on knowledge and skills, they also need to prepare their attitude towards their job 
need and also the conative element actually now a new domain, it is an approach of the intention, commitment and 
initiative for students’ characteristic of learning.  In Technical and Vocational Education and Training (TVET) courses 
the learning task also include the cognitive skills and affective domain to support students’ psychomotor skills to achieve 
a particular learning goal. To cope the rapid changes in the real world of work and to prepare the workforce for 21st 
century the shift of TVET the psychology framework for TVET proposed by Safro (2016) involved the cognitive process 
and instructional methods to promote the development of TVET learning. In this framework cognitive learning processes 
such as attention, rehearsal, encoding, combinatory, comparative, accretion (elaboration), tuning, and restructuring to 
promote schema construction and the development of declarative and procedural knowledge, metacognitive skills, and 
cognitive strategies. Hence, the importance of cognitive, affective and conative in engineering education and TVET is in 
line with the focus of this study and the following objectives embarks in this study are: 

i. To identify the relationship between strategy with students' attitudes in problem solving among engineering 
students. 

ii. To identify the relationship between students' attitudes with students’ initiative in problem solving among 
engineering students. 

iii. To identify the relationship between strategy with students' initiative in problem solving among engineering students 

1.1 The elements of cognitive, affective and conative in engineering learning 
The Trilogy of Mind applied as underlying theory in this research. This trilogy is a classification of mental activity into 
cognition, affection, and conation that originated in the eighteenth-century German faculty psychology, but was adopted 
by Scotland, England, and America's nineteenth-century association psychologists. It is suggested that the classification 
scheme will continue to be useful in assessing contemporary psychological emphases, such as the present prominence of 
cognitive psychology to the relative neglect of affection and conation (Hilgard, 1980). Preliminary study conducted by 
researchers in identifying the dominant of cognitive elements, affective element and conative elements in the problem-
solving process among engineering students in polytechnic (Omar et.al, 2018). This study applied survey design with 
quantitative approach. The data was analysed based on descriptive and frequencies to represent the respondents’ 
responses. A total of 100 students in engineering field from polytechnic have been involved in this study. The results 
showed that strategy, attitude, initiative and intention are elements that required for engineering student’s learning at 
Polytechnic in mastering problem solving. Table 1 illustrates the results about the dominant cognitive elements’ that refer 
to strategy and dominant affective elements’ that refer to attitude. Whereas there are difference results in conative 
elements’ where both initiative and intention are the dominant elements. The result in cognitive elements indicates 36% 
students agree they are capable in strategy, 31% they belief can solve the problem and 33% have creative thinking. In 
affective domain students 51% agree with positive attitude and 49% response in positive emotion in mastering problem 
solving. In identifying of conative elements, the result showed that initiative and intention are similar responses (34.5%) 
and desire is 31%. The cognitive elements focus on strategy, creative thinking and belief, the affective domain 
investigated attitude and positive emotion while conative consists initiative, intention and desire. Cognitive consists 
strategy, belief, and creative thinking. Affective focus on positive emotion and attitude while conative are based on desire, 
willingness and initiative. Cognitive consists strategy, belief and creative thinking. Affective focus on positive emotion 
and attitude while conative are based on desire, intention, initiative and willingness. Strategy means ways to design and 
implement while belief refer to trust of an individual to something. Op Den, Bakker, Tims, and Demerouti (2018) stated 
that creative thinking refers to thought that is crafted to produce results or a creative endeavor. Positive emotions can be 
defined as a positive experience associated with certain physiological patterns of activity. Attitude is one's behavior, 
temperament and morals. For conative elements, desire defined as something that is done with willingness, intention refer 
desire from the heart, initiative means undertaking or efforts and willingness refer something that is done but not with 
the willingness of the heart.  
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Table 1: Elements of Cognitive, Affective and Conative Engineering Student’s 

 

 

 

 

 

 

 

1.3      Trilogy of Mind 
The traditional trilogy of mind represents domains of cognition, emotion, and motivation (or conation) as distinct, though 
interacting, with mental systems (Dai & Sternberg, 2004). Now, the idea of mind is known as Trilogy of mind which 
categorised into cognitive, affective and conative (Hilgard, 1980; Tallon, 1997). Hilgard said the element of Trilogy of 
mind that cannot be monitored are knowledge, feeling, and desire (Hilgard, 1980). LeDoux (2002) state the same thing 
in different contexts but still refer to trilogy consisting of cognition, affect (emotion), and conation (motivation). Not only 
that, the theory of knowledge (psychology-based) is emphasised in Descartes's philosophy where emphasis refers to 
acquiring knowledge through experience. However, psychology just not exclusive for cognition: psychology is also 
related to emotion and motivation. These three areas are what Hilgard said where it is a trilogy of mind (Hilgard, 1980). 
In depth study, according to Hilgard (1980) the elements of mind namely emotion, spirit, affection, and sentiment refer 
to affective, willingness and action refer to conative and, intellect refers to cognitive. 

Moreover, trilogy of mind is proven to help students in learning because human behavior is influenced by cognitive, 
affective and conative (Kwahk, Ahn, & Ryu, 2018). Trilogy of mind also can help student in problem solving because 
human minds operate on the levels of cognition, affect, and motivation (Wood & Holt, 2018). Koshkaki and Solhi (2016) 
also stated that trilogy of mind provides a relatively complete view of the mind. Trilogy of Mind will help student’s 
learning in problem solving skill the three-stage process is at the heart of the learner's understanding of the learning and 
achievement engagement path (McGrew, 2007). Learners first address the "can I do this task?" questions. "And" I want 
to do this task, and why I have to do? These questions reflect the learner who contemplates or deliberates on their beliefs 
about what they can do, what they want to do or are asked to do, and what (positive or negative) intentions they form 
about how to proceed.   

1.4 The Cognitive Domain (Strategy) 
In resolving the problem of learning, students need to set strategy before completing the existing problems. Woods, 
Felder, Rugarcia, and Stice (2000) argued that it is important to set up the strategy in the process of problem solving for 
engineering education even though it is involving various phases. Yassin et al. (2012) argue in the same context i.e. 
strategy. The researchers stated that the implementation of strategies to solve problems in learning has improved student’s 
achievement and increased student’s knowledge (from the point of knowledge in problem solving). It has been proved 
by Yassin et al. (2012) via the study by (Hmelo-Silver, 2004). Effective strategy arrangements based on the ability of 
human minds to move thinking strategies are based on rational considerations in solving problems. Strategies help the 
problem-solving process but sometimes the probability of failure in the strategy can occur for a variety of reasons. As 
well, according to Jonassen (1997), problem solver with experience solved the problem easier than problem solver with 
non-experience.  This is because why the strategies and schemes of problem are important. The study found a problem 
which has been arisen much easier to be solved if the problem has similarities with previous one that ever faced by the 
problem solver. This statement is reinforced by the study of Hmelo-Silver (2004) which focuses to thinking strategy 
(ability of thinking and rational judgment) for new people was ineffective because an individual need to have a broad 
basic knowledge to claim. 

In another context, cognitive domain is very important because cognitive can help in many different ways through 
the development of knowledge and facts, analysis, synthesis, and more advanced assessment of knowledge (Bloom, 
1965). This cognitive level is capable of generating strategies. Proof that cognitive can help in problem solving process 
based on research by Wang and Chiew (2010). These researchers stated that cognitive processes are fundamental to 
problem solving. Problem solving interacts with many other cognitive processes such as abstraction, searching, learning, 
decision making, inference, analysis, and synthesis. 

Domain Attribute Results 
Cognitive Belief 31 

Strategy 36 
Creative thinking 33 

Affective Positive emotion 49 
Attitude 51 

Conative Desire 31 
Intention 34.5 
Initiative 34.5 
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1.5 The Affective Domain (Attitude) 
Attitudes are composed of behavior-related beliefs, opinions and thoughts that affect the degree of consistency (Felder, 
Felder, & Dietz, 2002). Leon Festinger gave the benchmark concept of attitude in the attitude formation cognitive-
dissonance theory (Woolfolk, 2010). Among the studies that have been viewed literally, the importance of attitude in the 
problem-solving process was from Rahman's study. Rahman (2006) states that attitude is the importance element for 
problem solving because it is relating to the thinking process. The problem faced is easier to solve when a student has an 
existing knowledge as students are able to think well in addition to hard work. Based on their experience and how they 
relate to the problem-solving process, the existing knowledge can be based. The learner needs to organise something that 
is difficult to produce a solution for engineering learning problem (Felder Silverman, 1988). In other words, students 
need systematic information process as proposed by Felder Silverman (1988) based on student’s learning preferences. 
Hence, the preferences of student’s learning relate with their attitude and its show how important the element of affective 
(attitude) to master the problem-solving skills. Kirn and Benson (2018) and Toma and Greca (2018) state student’s 
attitude affects the problem-solving stage. The same finding stated by Tandogan and Orhan (2007), where a student's 
positive attitude can help solve learning problems. Blumenfeld et al. (1991) said the student's positive attitude would 
increase the motivation of the student. This situation helps students to more effectively solve their learning problems. 

1.6 The Conative Domain (Initiative)  
Mastery in problem solving in learning is incomplete without the presence of conative elements that are part of the trilogy 
of mind.  The habits of students with good level of thinking will achieve a good academic but policy alone does not 
promise success if the student not have a tendency to do something (Driscoll, 2000). Felder & Silverman (1988) states 
that global-minded engineering students will be more likely to solve something difficult if they always have the initiative 
and always try. Such students are sometimes more successful than expected. The study by Herrmann (1995) shows that 
engineering students have a close personal profile to analytical thinking. Students with analytical thinking are predicted 
to be a better problem solver because these individuals always have the initiative to solve the problem (Jonassen, 2000). 
The habits of students with analytical thinking are complex thinking. Learning and career in engineering are challenging 
but if students have their initiative, they will be able to achieve outstanding success in this field (Becker, 2010). Initiative 
likes effort. Finding by McLeod (1992) showed effort can help students to solve problem in learning. 

2.        Methodology 
Research design applied survey design with quantitative approach. 138 number of populations from polytechnics 
engineering students and random sampling technique was applied to determine the number of samples. Based on Kerjcie 
and Morgan determining sample size table the minimum number of samples required is 97 and researcher selected 100 
responses to analyse the data. The research instrument used is questionnaire and developed by researcher. The validation 
process of instruments through three expert’s evaluation in term of content validation and language used. Reliability 
tested towards 35 students with similar characteristic with respondents and the value of each construct with Cronbach’s 
alpha value is greater than .7 (α >.7) and it can be accepted value according to Mohamad et.al (2015) and Ghazali (2008) 
the value .06 is acceptable in social science research. The Pearson correlation used to answer the research questions and 
the data is normal distribution. Pearson correlation used is to measure of the linear relationship between two continuous 
variables. 

3.        Results and Discussions 
Data is analysed with a normalised test to ensure the data is normal or not. Inferential analysis is also made to answer 
the research questions of the study. Discussions were made based on research questions and confirmed with previous 
studies. 

3.1      Normality test 
A normality test is used to determine whether sample data has been drawn from a normally distributed population (within 
some acceptance). The normality assumption also needs to be considered for validation of data presented in the literature 
as it shows whether correct statistical tests have been used. Researchers determined the type of distribution of the study 
data either normal or abnormal, before identifying the appropriate method of statistic. The researchers used normalised 
tests based on skewness and kurtosis. Result of test normality based on the skewness and kurtosis range, the data 
distribution of this study is between -2 to +2 and the data is normal. Table 2 shows descriptive statistical value for 
skewness and kurtosis. Because the data is normal so researchers used Pearson correlation. 
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 Table 2: Normalised test statistics table 

 

 

 

The normality data also reported in distribution graph form as stated in Fig.1. The histogram of the strategy 
element shows mean reading of 3.86 and standard deviation of 0.479. The histogram of the attitude element shows mean 
reading of 3.70 and standard deviation of 0.584. The distribution of the attitude element shows positively skewed. The 
histogram of the initiative element shows mean reading of 3.95 and standard deviation of 0.449.  

 

Fig. 1 - Normality test distribution graph 

3.2 Relationship between Strategy with Students’ Attitudes in Problem Solving among  
Engineering Students 

Table 3 shows the correlation between strategies and student's attitudes. The findings show that there is a significant 
relationship between the strategy and the student's attitudes. Analysis findings show that the value of strategy and attitude 
is within the range p < 0.01. The implication of this result as stated in Sazhin (1998) stated that when students are 
hardworking, the strategies that are made to solve the problem will be successful as students are always trying to make 
new strategy. Researcher refers to preliminary in initial study and found that when engineering students work hard, 
solution in engineering mathematical calculation can be made. Hardworking attitudes influencing problems solving in 
learning how their attitude impacts the way how to solve problem with their own strategy and self-desire. 

In addition, Oakley et al. (2004)'s study has shown that individual attitudes are influenced by good strategy 
implementation. When a student is always looking for ways to complete a tutorial with various methods so the problem 
can be solved in learning. This situation means students not give up. When students not give up, strategy can be 
implementing many times to make sure the problem can be solved. Findings of other studies that support the result above 

 Strategy Attitude Initiative 
Skewness -0.500 0.066 -0.173 
Kurtosis 0.866 -0.394 0.254 
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are from (Kirn & Benson, 2018; Toma & Greca, 2018). Some researchers ' studies yield different results. Schibeci (1984), 
based on his study, said something else. This researcher said the student-managed strategy is not influenced by the 
attitudes of the student in learning. In addition, Dillashaw and Okey's study (1983) shows positive attitudes when there 
is direction from the group's head, but the success of the planned strategy does not depend entirely on members ' attitudes 
in learning. 

 
Table 3:  Strategy-attitude relationship analysis 

Pearson correlation 
relationship 

Element 
Strategy-Attitude 

r 0.284 
p 0.004 
N 100 

 

3.3 Relationship between Students' Attitudes with Students’ Initiative in Problem Solving  
among Engineering Students 

Table 4 shows the correlation between attitude and student's initiative. The findings show that there is a significant 
relationship between the attitude and the student's initiative. Analysis findings show that the value of (Attitude-Initiative) 
is within the range p < 0.01. From the result, Table 3 in the below shows that there is a significant relationship between 
the attitude and the student's initiative. This finding coincides with what Ferri (2018) stated, when students are an 
independent, hardworking, and confident, many of the efforts that students can trigger as they dare to risk things, free to 
plan what to do and repeatedly look for solutions (Ferri, 2018). Laguador (2013) also stated that, attitudes that incite 
positive behavior can help a student take initiative to perform additional tasks. In addition, previous research by Jin & 
Lin (2018) proved that have correlation between attitude and student’s initiative based on the statement that 
the students who have high initiative will be more diligent than the low initiative students. Study by Osborne & Dillon 
(2008) also show that have the relationship between students’ attitudes with students’ initiative. This study states have 
relationship between student achievement and student attitudes. 

Table 4: Attitude-initiative relationship analysis 

 

 

 

 

3.4 Relationship between Strategy with Students' Initiative in Problem Solving among  
Engineering Students 

Table 5 shows the correlation between strategy and student's initiative. The findings show that there is a significant 
relationship between the strategy and the student's initiative. Analysis findings show that the value of (Strategy-Initiative) 
is within the range p < 0.01. The findings from Table 4 show that there is a significant relationship between the strategy 
and the student's initiative. Research study by Jonassen (2017) shows that in the field of engineering education, many 
things require problem solving. Students need to organize various strategies to solve problems. To organise strategy, 
students should have a variety of idea and alternatives. Besides, study by Widodo (2019) shows that student initiatives 
can influence strategies that are planned because of whether students have high or low motivation. Having a high level 
of effort can lead to more effective strategy creation. The findings of this study are abreast with the result from Table 5. 

Table 5: Strategy-initiative relationship 

 

Pearson correlation 
relationship 

Element 
Attitude-Initiative 

r 0.417 
p 0.000 
N 100 

Pearson correlation 
relationship 

Element 
Strategy-Initiative 

r 0.409 
p 0.000 
N 100 



Omar et al., Journal of Technical Education and Training Vol. 11 No. 2 (2019) p. 23-31 

 29 

4. Conclusion  

As conclusion, this study shows that there is a relationship in mastering problem solving in engineering learning between 
cognitive-affective, affective-conative and cognitive-conative. In fact, the three domains are able to improve academic 
achievement on the basis of Yusri et al. (2010)'s study findings that cognitive needs to think, affective as an aspect that 
brings positive emotions when learning. In addition to enhancing learning and achievement, cognitive processes can also 
have this effect. Instructors should therefore provide both learning materials and an appropriate environment to enhance 
all cognitive, affective and conative processes. This research provided important information that may be useful to further 
define and understand factors that contribute to engineering education students’ ability in problem solving based on the 
combination of cognitive-affective -conative. In addition, problem solving skills is demand in students’ critical thinking 
as mentioned in Mohamad et.al (2017) that the relationship between critical thinking and problem solving are needed to 
cope engineering students with higher level ability to apply in workplace.  

As suggestion this research should expand the number of populations because the population's scope may limit the 
generalizability of the findings. A larger group of respondents across disciplines and years of study will be considered in 
future research. Throughout larger size of samples and programs, a longitudinal study can be designed to enable 
researchers to establish a stronger basis for interpreting the causal relationship of factors and comparing students detail 
problem solving ability based on years of study. This research also can be applied in TVET program with similar 
pedagogical and didactic approach in engineering education in terms of development of teaching and learning process in 
determination competencies of students.  
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