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Argumentation and decision-making are fundamental in the training of industrial engineers to effectively 

develop their critical thinking skills. Despite this, engineering education focuses on technical aspects that 

hardly promote the development of these skills in the classroom. To promote them, a specific training 

programme in critical thinking for industrial engineers was proposed, which, among other activities, included 

short debates on socio-scientific problems. This paper presents the impact of a debate on manual versus mass 

production on 30 students of the Degree in Industrial Technologies Engineering at the University of Malaga 

(Spain) acting as listeners. To assess this impact, we analyse the argued decisions made by the listeners about 

the problem before and after the activity, finding that the initial position of the majority was manual 

manufacturing based on social evidence, and the final position was mass production based on scientific-

technical evidence such as economic aspects or the quality of the manufactured product. The arguments used 

by the debaters were scientifically vague but had an essential effect on changing decisions, especially the 

evidence used, which the listeners made their own. 
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INTRODUCTION  

Different authors advocate that engineering education requires an educational transformation that places 

greater emphasis on learning. Although engineering education is understood as a living, dynamic system, as 

a learning system that enables learning and teaching methodologies, its fundamental purpose is the integral 

development of the engineering student as a person and problem solver in his or her social context (Capote et 

al., 2016). 

The aim is to propose strategies that enable the development of critical thinking in engineering students, which 

will improve the projects they usually carry out. These critical thinking skills must be promoted through 

comprehensive training (Carrillo and Nevado, 2017), which is a difficult task since critical thinking is a 

complex process of different skills. Argumentation and decision-making are among them (Blanco et al., 2017). 

Argumentation helps students to improve their scientific reasoning (Bogar, 2019) as they need to justify 

conclusions that other ideas can challenge. Moreover, by contrasting ideas, students can evaluate their 

conceptions and learn new ones, thus favouring the construction and assimilation of new concepts (Benegas, 

2013). Decision-making involves identifying options available from the data provided, using appropriate 

evidence and scientific knowledge to support one option and reject others (Acar et al., 2010). 

Recent literature shows that engineering students have poorly developed both skills and that active 

methodologies are required to promote them (Escudeiro et al., 2011). One active methodology is debate, as it 

allows students to organise rational and affective thinking through argumentation in the face of the 

presentation of different positions, ideologies and judgements, as well as to use persuasion and counter-

argumentation (Carrillo and Nevado, 2017). When the debates are applied to engineering education, they allow 

different science and technology problems related to society to be addressed in a well-founded and evidence-

based way. Therefore, they are suitable for achieving social transformation through engineering education. In 

order to promote and improve argumentation and decision-making skills in engineering education, within the 

framework of an R&D&I project, a training programme on critical thinking was developed for this student 

profile that included, among others, a debate activity. This paper presents the results of a debate on manual 

versus mass production.  

 



 
METHOD 

The sample for this study consisted of 30 students (7 women and 23 men) in the second year of the Degree in 

Industrial Technologies Engineering at the University of Malaga in the 2021/22 academic year. In order to 

find out the students´ argumentation and decision-making skills, several short debates were held in groups of 

three students on scientific-technological problems of a social nature, where one student defended a position 

in favour and another against the problem in front of a presenter. Before the debates, the students received 

instruction in argumentation, including, among others, Toulmin´s model (2003) and Jiménez-Aleixandre´s 

(2010) adaptation of the elements of an argument. 

The indications given for the debates were: (a) presentation of the problem to be debated by the presenter 

using a digital presentation (3 minutes), (b) brief intervention of the students for and against the problem (2 

minutes) and, (c) time for debate between the two positions (5 minutes). The remaining students were listeners 

and had to make a reasoned decision on the problem before and after each debate. This paper focuses on a 

debate about the appropriateness of manufacturing a product by hand or mass production. The problem was 

presented with this statement: “You need a specific product, and you have two possibilities: (1) buy it from a 

small workshop that manufactures it manually or by hand, or (2) buy it from a large industry that mass-

produces it. Are you in favour of manual or mass production?” This debate took place when the students had 

already attended other debates, so they could start developing a proper argumentation technique based on the 

observation of other groups. 

This work studies the debate´s impact on the students´ decisions before and after the debate and the arguments 

to support their position. For this purpose, we calculated the percentages of participants for each position at 

both times and quantified how many subjects maintained/changed their decision. We also provide examples 

of the majority arguments in each case, indicating the type of evidence on which they are based.  

 

RESULTS AND ANALYSIS 

Debate 

The presenter´s exposition focused on the definition of manual and mass production, supported by examples 

("Craft production produces objects by transforming basic natural raw materials, through production 

processes involving machines and simple tools with a predominance of physical and mental labour"). 

Each debater then defended his or her position, illustrated by these arguments:  

● Student in favour of manual production: “For some companies, the initial investment cost can be 

perceived as high, but in manual production, this problem does not exist, as there is no need for highly 

specialised machinery or excessively high costs, but just enough materials to obtain the desired 

product”. 

● Student in favour of mass production: “This production rate can be increased further, with the 

development of new technologies and better assembly lines, which are constantly being developed to be 

as efficient as possible. It leads to automation of production, which is easily implementable in series 

production.” 

The debaters then established a dialogue by refuting the opponent's arguments. At this stage, the students 

lacked training, insisting on earlier arguments. The predominant evidence was economic (investment cost) or 

design (exclusivity) for manual manufacturing and economic (cost of unit parts) or quality and production 

volume-related evidence for mass production. 

Initial decision  

Before the debate, 73.3% of the students (22/30) were in favour of small workshop manual manufacturing, 

with most arguments presenting social evidence related to helping small businesses (“Because this way we 

help small businesses to survive”, Student 17). However, they forgot important aspects that, as engineers, they 

should not omit, such as the part's use, the complexity of the desired geometry, dimensional tolerance, etc.  

The remaining 26.7% (8/30) were against and supported their arguments on economic evidence or geometric 

accuracy, as illustrated by this example: "I would buy it from bigger companies because they are usually 

cheaper and more accessible" (Student 18). In all cases, the conclusions were justified in ambiguous terms 

and with little scientific-technological character. 

Final decision 



 
After the debate, the percentage of students favouring mass production increased sharply (73.3%). Of the 

students who initially stated this position, 20.0% maintained it, and the remaining 53.3% changed their 

decision from manual to mass production. In these cases, there were differences in the arguments: “Mass 

production gives a greater benefit to both the customer and the employer since high-quality products are 

produced, with fewer faults and at a very affordable price. Moreover, although some jobs are lost, other 

indirect jobs are generated, such as maintenance, etc.” (Student 17, after discussion). As can be seen, this 

student initially favoured small business support, and after the debate, took on board the evidence presented, 

such as economics, quality of parts and elimination of failures or jobs. 

The percentage6 of students in favour of manual fabrication decreased to 26.7%. Of these, 20% maintained 

their position, and only 6.7% came from students who were initially against it. In the arguments, while 

understanding the advantages of mass production, these students still prioritised the social test of supporting 

the small manufacturer ("You should always support the local market, although there are many advantages 

to buying in mass production", Student 9). Therefore, as seen in the examples, listeners began to appropriate 

the evidence presented by the debaters to make a decision. 

 

CONCLUSIONS  

This work shows activity on debates as a strategy to teach industrial engineers argumentation and decision-

making skills in socio-scientific problems. The results indicate that students need to improve these critical 

thinking skills. In the case of argumentation, more classroom activities should be promoted to enable them to 

develop higher quality arguments based on scientific evidence and in a more precise way, as well as to 

encompass all aspects that are part of the problem. A detailed analysis can help this in the classroom with the 

quality of the arguments used in the debate by identifying the evidence, justifications and conclusion used. 

Regarding decision-making, it should be noted that the changes in position between the initial and final 

decision were due to the debate's impact on the students, hence the importance of having good arguments to 

make the most appropriate decision.   
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