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The experience of human emotion is a central topic in the research field of product design and human 

interactions. Emotions have the ability to affect pupils’ experience deeply since the elicitation of emotion 

has the ability to affect attention, behaviour and attitude towards man-made artefacts. The qualitative 

study presented in this paper is part of ongoing research intended to develop a framework for modelling 

pupils’ emotional experiences when interacting with technological artefacts. This paper underlines how 

the elicitation of emotion is itself a consequence of the interaction between the human individual and 

the technological artefact. These conceptualisations underline the necessity to study the attributes both 

human and technological artefacts responsible for the elicitation of emotion. The study presented in this 

paper focuses on the human element. The participants in this study were students undertaking an 

undergraduate programme in technical design and technology offered by the Department of Technology 

and Entrepreneurship Education at the University of Malta. The study reveals that 43% of the subjects 

are concerned with being provided proper guidance and mentoring particularly when interacting with 

technological artefacts which are novel to the pupils. In addition, the study reveals that the inherent 

simplicity of a technological artefact and the ability to provide an immediate visual feedback, as factors 

which contribute to render the interaction between pupils and technological artefacts more enjoyable.  

The results emerging from the empirical study are discussed in light of how pupils’ concerns and 

emotional experiences influence attitudes towards technological artefacts. 
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Introduction 

Research in user experience has received increasing attention in numerous domains such as industrial 

design, engineering and education (Chiu & Ho, 2013; Lee Do & Schallert, 2004; Pekrun et al., 2007; 

Smith & Smith, 2013). The framework proposed by Desmet and Hekkert (2013) identifies the three 

components which constitute user experience. According to the authors (Desmet & Hekkert, 2013) 

emotions play a central role in shaping the experience of an artefact by its users. It has also been 

demonstrated that human emotion has the ability to influence the behaviour (Wright et al., 2002; Yang 

& Diefendorff, 2009), work performance (Farrugia & Borg, 2014) and purchase intention (Soodan & 

Pandey, 2016) of the individual.  

Pupils’ emotions and attitudes have also been a central theme in education research. The research has 

been motivated by evidence (Pekrun et al., 2007, 2011; Tyng et al., 2017) pertaining to the influence of 

emotions and attitudes on the learning process. Emotions play a central role in education (Pekrun et al., 

2011) since learning and achievement are inherent characteristics of educational activities and major 

sources of emotions. Positive emotional experiences, such as joy and pride, have a significant effect on 

pupils’ motivation and effort (Colomeischi & Colomeischi, 2015; Pekrun et al., 2002).  

Pupils’ emotional experiences are influenced by a multitude of factors which are categorized as being 

internal and external (Pekrun et al., 2002). Internal factors refer to individual differences between pupils 

such as values, goal hierarchies and expectations. External factors are often associated with the 

classroom environment, quality of the classroom instruction as well as feedback. It has been shown that 
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internal factors such as the perception of ability and achievement motivation (George, 2006; Salminen‐

Karlsson, 2007) influence pupils’ attitudes towards science and technology.  

Technological literacy has increasingly become an important aspect of education as it prepares students 

to adequately address challenges in a modern knowledge economy (Czaplinski et al., 2015; Kimbell & 

Perry, 2001) and in consequence enhance their employability (Carnevale et al., 2011). An important 

factor which determines technological literacy of a pupil is the attitudinal dimension (Ardies et al., 

2014). This aspect is very important particularly in relation to evidence suggesting that the opinions of 

young pupils on education and careers in technology are not positive (Johansson, 2009). The 

measurement of pupil’s attitudes has been a salient theme in the domain of research in technology 

education. The Pupils Attitudes Towards Technology (PATT) (Raa, J. et al., 1988) instrument was 

developed and has since been widely used to measure pupils attitudes towards technology in the context 

of education.  

Emotions and Attitude  

The term attitude refers to a broad concept with a plethora of definitions having been proposed 

throughout the decades (Banaji & Eiphets, 2010; Bohner & Dickel, 2011). Attitudes have been defined 

as representing an evaluative integration of cognition and affect in relation to an object  (Crano & Prislin, 

2006). Another definition is that attitude is an evaluative judgment based on cognitive beliefs and its 

evaluative aspect (Agarwal & Malhotra, 2005). One of the most widely accepted definitions is that an 

attitude is an evaluation of an object of thought with some degree of favour and disfavour (Eagly & 

Chaiken, 1993). Despite the numerous definitions (Breckler, 1984; Kothandapani, 1971; Rosenberg & 

Hovland, 1960),  the evaluative aspect is a persistent characteristic which is shared among the different 

definitions of the attitude concept.  

Emotions and attitudes share a common characteristic, which is that they are both evaluative in nature.  

Richard Lazarus (1999) underlined how human emotion is the result of a mental evaluation process, 

whereby the individual assesses the nature of a stimulus and the potential to cope with it. The cognitive 

appraisal theory of emotions was developed by Scherer (2001) and is a widely accepted explanatory 

theory pertaining to the cognitive processes of emotions. This theory views the elicitation of human 

emotion as the result of sequential checks whereby the individual evaluates the nature and significance 

of a stimulus or event in relation to concerns representing beliefs, goals and motivations.  

Owing to the similarities between attitude and emotions, attempts have been made to integrate the 

literature pertaining to the two concepts. One approach has been to treat the emotion as an antecedent 

of one’s evaluation of the attitude object (Zanna & Rempel, 1988). In other words, positive (or negative) 

emotions serve as an antecedent to the favourable (or unfavourable) attitude judgement towards an 

object such as a technology artefact. A study (Allen et al., 1992) showed that the effect of emotions on 

behaviour can at time be mediated by attitude judgments. Rosenberg and Hovland (1960) suggested that 

the attitude about an object consists of how we feel, what we think an what we are inclined to do. This 

three-component theory has also been supported by empirical-based evidence (Breckler, 1984; Pooley 

& O’Connor, 2000). This three-component model was revised and adopted by Van Aalderen-Smeets et 

al. (2012) in a framework for describing and researching the attitudes of primary teachers towards the 

topic of science and the teaching of science.  

The research presented in this paper focuses on the emotional component of attitude. The focus on the 

emotional component is substantiated by evidence showing that emotional experiences are central in 

learning and have the capacity to influence pupils’ behaviour and motivation (Pekrun et al., 2002). The 

foundation for understanding emotions elicited from pupils is based upon the cognitive appraisal theory 

of emotion which was proposed by Scherer (2001). A key strength of this theory is that accounts for 

internal factors (e.g. individual differences) as well as external factors (i.e. different stimuli) which 

collectively determine the emotional response. Stemming from this definition, there are two elements 

which collectively determine the emotional response: the concerns of the individual and the properties 
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of the technological artefact with which the human being interacts. With reference to Figure 1, the 

emotion experienced by an individual can be viewed as a consequence of the meeting between the 

technological artefact and the human who has specific concerns (Farrugia & Borg, 2016). During this 

meeting, the human individual evaluates the relevance and significance of the technological artefact in 

relation to specific concerns. Hence the concerns are analogous to evaluation criteria which determine 

the type of emotion elicited. During this meeting, the human individual evaluates the relevance and 

significance of the technological artefact in relation to specific concerns. Hence the concerns are 

analogous to evaluation criteria which determine the type of emotion elicited. 

 

Figure 1. Emotions as consequence of human-artefact meetings 

Empirical Study  

The main argument presented in this paper is that pupils’ attitudes and behaviour towards technology 

can be better understood by investigating their emotional experience. The objective of this exploratory 

study was to identify several concerns of first and second-year undergraduate students (N=7) enrolled 

in a three-year Bachelor of Science (B.Sc.) degree in Technical Design and Technology. The sample is 

representative of the entire population of students undertaking the undergraduate B.Sc. degree in 

Technical Design and Technology. In this respect our sampling strategy was purposive, based on 

convenience and representative. Due the limited sample size, the authors of this paper acknowledge that 

the conclusions derived from this study cannot be generalised, however these provide a first step towards 

exploring concerns, technological factors and pupils’ attitudes and emotions towards design and 

technology. Furthermore, owing to the limited sample size the exploratory study will not consider the 

effect of pupils’ gender and age on concerns and attitudes towards technology. 

Methodology 

Based on the definition of emotion adopted in this paper, a semi-structured one-to-one interview with 

the participants was carried out with the intent to identify: (i) the relative importance of pupils’ concerns  

and (ii) the technologies which pupils consider to be the most and least enjoyable. During the interview 

the interviewer outlined the purpose of the study and explained the items which constituted the paper-

based questionnaire used during the interview. A reason for administering the questionnaire in a one-to-

one interview was to alleviate social desirability bias (Bradburn et al., 2004). In addition, a face-to-face 

interview enabled the researcher to directly address subjects’ queries and provide clarifications 

pertaining to specific statements in the questionnaire (Cohen et al., 2018). This approach ensured that 

the subjects interpreted the questions as intended. 
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During the interview, the participants were asked to carefully read and rank a list of statements 

representing a wide array of concerns. These statements were formulated based on prior observations 

by lecturers’ delivering practical and taught elements of the B.Sc. in Design and Technology, to pupils 

interacting with technological artefacts such as electronic and fabrication equipment in laboratory and 

workshop environments. The statements were also derived from prior research work in the realm of 

manufacturing engineering (Farrugia & Borg, 2016). Subjects were also encouraged to include 

additional statements representing alternative concerns not represented in the list. Upon discussing each 

statement, the participants were allocated sufficient time to rank each individual statement according to 

its relative importance.  

Subsequently the focus of the interview was shifted towards the assessment of different technologies in 

terms of enjoyability. The participants were presented with a non-exhaustive list of technologies which 

are typically employed during workshop and laboratory sessions of the undergraduate course. During 

the interview the subjects were asked to select up to three technologies which they had enjoyed 

interacting with and provide reasons for their choice. Similarly, the participants were also asked to 

identify three technologies which they did not enjoy using and also provide reasons for their choices.  

The participants responses and the reasons provided during the interview were recorded on the 

questionnaire.  

Results and Discussion 

Out of the seven subjects (N=7), only one student was female with the rest being male. The age of all 

the participants was less than or equal to twenty years. As outlined in the previous section an objective 

of this study was to identify the relative importance of students’ concerns. These concerns are analogous 

to the criteria used during the evaluation of a stimulus such as a technology artefact and hence play an 

important role in determining the emotion component of attitude judgements.  

The concerns presented to participants are listed in the first column of Table 1. The mean rank score 

(µs) in the second column represents the average rank order obtained by each statement. Statements 

which represent concerns considered to be the most important are those which have the lowest mean 

rank score (µs). The relative importance of each concern is also denoted by an overall rank which can 

be referred to in the fourth column of Table 1.  

The results show that 43% of the participants consider being provided with proper guidance and 

mentored by a knowledgeable person to be the highest-ranking concern. The discussions which ensued 

during the interview revealed that pupils are compelled to learn about a novel technological artefact 

particularly if they are mentored by a technically knowledge individual. Several participants underlined 

the importance of this concern particularly due to the fact that their interaction with several technologies 

was novel. 

This concern is closely related to the fourth highest-ranking concern (µs = 5.429) presented in Table 1 

which refers to the complexity of the technological artefact itself. The interview also revealed that 

subjects are motivated to learn and interact with a technological artefact if it is not exceedingly complex 

to use and is characterised by a gradual learning curve. The responses suggest that in addition to proper 

guidance, pupils tend to prefer interacting with technological artefacts characterised by simple operating 

principles such as a manually operated pillar drill instead of more complex machines such as a computer 

numerically controlled (CNC) machine. With reference to electronics a subject stated that: 

The learning curve was too great to begin with. I feel that too much was expected in little time.  

The simplicity and relevance of technological artefacts coupled with proper mentoring collectively 

contributes to a gradual learning curve. 
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Table 1. List of concerns sorted by ranking score 

Statement of a concern with respect to technology 
Mean Rank 

Score µs 

Overall 

Rank 

The technology is utilized under the supervision of a knowledgeable 

person and followed by proper guidance 
2.714 1 

The technology being used is of relevance to my career 3.333 2 

The technology has minimal safety risks associated with it  4.143 3 

The technology is not technically complex and demands a gradual 

learning curve 
5.429 4 

The technology is reliable with seldom breakdowns 5.571 5 

The technology is fit for the purpose it is being used 5.714 6 

The technology being used is not old and/or outdated 5.857 7 

The technology is not tedious to use 6.714 8 

The technology is used in a comfortable and aesthetically pleasing 

environment 
7.286 9 

The technology has a minimal negative impact on the environment 8.571 10 

 

The second highest-ranking concern pertains to the relevance of the technology to the career being 

pursued by subjects (µs = 3.333,). The discussion during the one-to-one interviews revealed that the 

several participants are motivated to learn and use a technological artefact if this is perceived to be of 

relevance to their careers. Subjects also ranked highly the concern pertaining to their health and safety 

(µs = 3.333). This result shows that pupils’ attitude judgements towards a technological artefact are also 

influenced by their perception of the safety risks associated with the technology being used. During the 

face-to-face interviews, subjects expressed their concern about their health and safety and how they 

would be reluctant to interact with technological artefact if they perceive threats to their well-being.  

The interview also served to identify the technologies which students consider to be enjoyable. The 

results disclosed in Table 2 provide a cross-section of the various technologies and how these were 

ranked by participants in terms of their enjoyability.  

Table 2. Ranking of technologies in terms of enjoyment 

Technology Percentage (%) Overall Rank 

Electrically powered and manually operated fabrication 

tools/equipment e.g. lathe, pillar drill, milling machine etc. 
22 1 

Manually powered and operated fabrication tools/equipment 

e.g. hand drill, saw, rasp etc. 
17 2 

Computer-Aided Design software e.g. AutoCAD, Sketchup etc. 17 2 

Computer Numerically Controlled machines e.g. CNC milling,  11 4 

Manual draughting tools 11 4 

Interactive technologies e.g. Augmented reality, virtual reality etc. 11 4 

Assembly equipment e.g. welding, brazing, soldering etc. 6 7 

Electronic components e.g. breadboard, capacitors, oscilloscope  6 7 

Programmable logic controllers e.g. Arduino, Raspberry etc. 0 9 

Programming platforms e.g. Python, C++, Java, etc. 0 9 

Textile technologies e.g. sewing machine, stitching etc. 0 9 

 

During the design of the questionnaire, an important distinction was made between tool-based, machine-

based and automated manufacturing technologies (de Vries, 2016) such as manually operated hand drill, 
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pillar drill and a CNC machine respectively. While these technologies can achieve the same outcomes 

(e.g. the creation of a hole feature), they vary significantly in terms of how the pupil interacts with the 

technological artefact and the degree of control which the pupil has over the transformation process. For 

example, tool-based (e.g. hand drill) and machine-based (e.g. pillar drill) technology afford the pupil 

complete and direct control over the machining (transformation) process. This requires the student to 

understand well the operating principle of the technology in order to achieve the desired outcome (e.g. 

a drilled hole of the correct dimensions). On the other hand, an automated machine such as CNC drill 

presents a different type of learning opportunity as the machining process itself is carried out by the 

(automated) machine. In this case, the pupil has to understand the programming language used to convey 

instructions executed by the CNC machine. The results disclosed in Table 2 show that the highest-ranked 

technologies were electrically operated and manually operated fabrication tools such as pillar drills, 

lathes, milling machines and cutting tools. A reason which was shared by several participants was that 

a technological artefact is considered enjoyable if it provides immediate and visual feedback. During 

the interview one of the participants stated that: 

 I enjoy to see the process of the material being machined and watching it come together.  

Another subject noted that: 

Using the lathe was a very interesting insight into manufacturing of various parts, while allowing for 

creative freedom.  

In this sense, pupils enjoy using manual and machine-based tools because these provide an immediate 

feedback to the pupil’s input. An ulterior reason which was shared by several participants is the sense 

of self-fulfilment, particularly when pupils have direct control over the creation of physical objects from 

raw materials using tool-based and machine-based equipment. The emotion of pride is an important 

consequence which is elicited from pupils when interacting with technological artefacts such as lathes 

and pillar drills, particularly since these tools provide an immediate visual feedback.  

The results in Table 3 provide a ranking of the various technologies in terms of least enjoyable. The 

results show that by far and large the interaction with electronic components such as breadboard, 

capacitors and oscilloscope were ranked as the least enjoyable.  

Table 3. Ranking of technologies in terms of least enjoyment 

Technology Percentage (%) Overall Rank 

Electronic components e.g. capacitors, oscilloscope etc.  43 1 

Programmable logic controllers e.g. Arduino, Raspberry etc. 14 2 

Computer-Aided Design software e.g. AutoCAD, Sketchup etc.   14 2 

Interactive technologies e.g. Augmented reality, virtual reality etc.  14 2 

Textile technologies e.g. sewing machine, stitching etc.  14 2 

Manually powered and operated fabrication tools/equipment  

e.g. hand drill, saw, rasp etc. 
0 6 

Electrically powered and manually operated fabrication tools/equipment e.g. 

lathe, pillar drill, milling machine etc.  
0 6 

Computer Numerically Controlled machines e.g. CNC milling,  0 6 

Assembly equipment e.g. welding, brazing, soldering etc.  0 6 

Manual draughting tools  0 6 

Programming platforms e.g. Python, C++, Java, etc. 0 6 

 

A reason which was shared by several participants is the fact that these technologies do not provide 

immediate feedback. One of the participants commented that a delay between building and feedback 

provided by a working the circuit as a primary reason for not enjoying working with electronic 

components. Hence when building an electronic circuit, the pupil must build the entire circuit before 
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he/she can verify if the circuit works. The lag which exists between pupils’ input and the feedback 

provided to the student by the technology (e.g. electronic circuit works) renders the technology 

frustrating to use and hence pupils express a negative attitude judgment towards the technology. Another 

participant mentioned the diagnosis process as the only reason for not enjoying interacting with 

electronic components. 

Another reason which was provided by several subjects is that electronic circuits and components 

constitute no moving parts and in consequence are difficult to visualise. To this end activities such as 

designing and root-cause analysis were considered to be more difficult as these require a higher level of 

abstract thinking. In relation to the concerns reported in Table 1 one of the students noted that the reason 

for not enjoying using electronics was the steep learning curve. 

Conclusion 

Human emotion can be considered as a consequence of the interaction between the human pupil and the 

technological artefact and is shaped by two factors: individual differences and the characteristics of the 

technological artefact itself. Based on this theoretical foundation the paper presented an exploratory 

study intended to gain a better a better understanding of the concerns and technological factors which 

collectively shape pupils experience and attitude judgements towards technology.  

The paper presented a study which was undertaken to investigate the concerns and preferences towards 

technological artefacts of pupils who are currently reading for an undergraduate degree in Design and 

Technology. The evidence collected from the limited but representative sample reveals that some 

concerns were consistently ranked as being more important than others. The evidence suggests that 

pupils are keen to learn and make use of a technology given that they are provided with adequate 

knowledge and mentored by a knowledgeable individual. A reason for this concern is in part due to the 

fact that pupils are also concerned with their health and safety when interacting with a technological 

artefact. Hence the provision of knowledge and a technically knowledgeable person would contribute 

to attenuate the safety risks involved.  

The ranking of technological artefacts and the reasons provided were in line with the way in which the 

concerns were ranked by the interviewed subjects. For example, the study revealed that pupils are highly 

concerned with the overall complexity and learning curve inherent to a technological artefact. A reason 

for this result is that for many pupils the interaction with technological artefacts such as hand-based and 

machine-based technology in most cases is novel. An ulterior reason for the preference towards hand-

based and machine-based technological artefacts is that these tend to be based on rudimentary 

mechanical engineering principles and can provide an immediate visual feedback to pupils’ inputs. This 

is unlike technological artefacts such as electronic circuits which were consistently characterised as 

unenjoyable due to the delay which exists between building a circuit and its operation. Furthermore, the 

technological artefacts which were consistently ranked as unenjoyable tend to difficult to visualise and 

require a certain level of abstract thinking and diagnosis. This characteristic is in contrast with the 

concern of being provided with technological artefacts do not impose a steep learning curve on the pupil.   

Based on the evidence from the limited yet representative sample it may be concluded both technological 

factors and human concerns contribute to shape pupils’ attitude judgements and experience. The 

exploratory study presents a first step towards the development of guidelines intended to aid 

stakeholders responsible for the development of educational programmes in the realm of design and 

technology. The aim of these guidelines would be to help stakeholders foresee the impact of decisions 

such as the selection of technological artefacts, on the attitude judgments and learning experience of 

pupils. 

Future Research 

An evident limitation of this study was the number of subjects who participated in the study. To this 

end, the purpose of the research work in the future would be to extend the study to include more students. 

An interesting approach would be to investigate the concerns and preferences of design and technology 

educators.    
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