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High School Students’ Attitudes to Engineering and Engineers related to 

their Career Choice (Research-to-practice) 

Strand: other 

INTRODUCTION 

 

There is a continuous worldwide need to increase the number of skilled engineering 

graduates in order to improve economic competitiveness and to facilitate societal evolution. 

Therefore, increasingly inspiring young people to choose careers in engineering can be a path 

to avoid discrepancy between the number of qualified university graduates and the number of 

job openings in the future, not only in Brazil but all over the world. 

 

In the last ten years, the number of universities‟ engineering courses and enrollments in all 

regions of the country showed a 12% average growth per year between 2001 and 2011
38

. 

However, in comparison to all university major areas, only 5% of Brazil´s undergraduate 

students major in engineering compared with 6% in the U.S., 12% in Europe, 20% in 

Singapore, and 40% in China
19,41

. Figure 1 shows Brazil‟s position in an Organization for 

Economic Co-operation and Development (OCED) international comparison of engineering 

degree holders per 10,000 inhabitants in 2011, in which Brazil is far beyond more developed 

countries
38,46

. 

 

 
Figure 1: Number of Engineers per 10,000 inhabitants in some OECD Countries in 201146. 

 

However, this scenario may change in a few more years due to the increasing numbers of 

Brazilian engineering undergraduate students lately, where in 2012 this number had a 

significantly percentage of growth probably due to recent Brazilian educational policies 

changes
46

. And the number of masters‟ degrees and PhDs graduated in all field areas by 

Brazilian universities has more than quadrupled in the last 15 years, jumping from 13,219 in 

1996 to 55,047 in 2011
11

. Figure 2 shows the evolution of doctoral and master‟s degrees in 

engineering from 2001 to 2011. Nevertheless, this growth was not enough to place Brazil 

among countries with large contribution to engineering research yet, as from 2001 to 2005, 

Brazil contributed with only 1.4% of world engineering research against United 

States´28.1%´s, Japan´s 10.3% and China´s 8.6%
41

. With regard to scientific production and 

taking the BRIC countries production as a whole, China is emerging with the biggest 

contribution coming in 2012 to be responsible for about 85% of the publications, India takes 

the second place with 8%, Russia holds 4%, and finally Brazil, with 3% of publications in 

engineering
46

. 
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In order to increase the number of student pursuing engineering degrees, it is important to 

raise interest in STEM (Science, Technology, Engineering and Mathematics) education and to 

encourage and motivate more adolescent students to pursue careers in engineering
12

. 

Engineering undergraduate students, undergoing a curriculum with a strong mathematical and 

logical content-oriented problem solving, may be more well prepared in the sense of 

"learning to learn"
42

. But the essence of future education is to provide students with the 

development of new required professional competencies for a new changing world. 

 
Figure 2: Numbers of obtained Brazilian doctorals and masters‟ degrees in Engineering from 2001 to 201211. 

 

As any other country, Brazilian engineering education has faced a double challenge: to 

educate citizens to live within a rapidly changing world and to train professionals to meet the 

demand of a changing labor market
12

. Under these circumstances, students must be 

increasingly motivated and prepared in high school to provide society with not only more but 

better engineering students and professionals. 

 

Brazilian weak results at Program for International Student Assessment‟s (PISA)
11

 reinforces 

the fact that the teaching of STEM subjects in high schools must be improved since these 

subjects are closely related to the development of the next generation of engineers. Students 

more interested in STEM subjects may be one positive inclination towards science, 

technology, engineering and mathematics fields. More qualified engineers will enhance 

competitiveness in the global economy and improve the workforce‟s ability to address 

technical and technological issues
21

. Additionally, high school students must learn the “21st 

century skills” which include problem solving, critical thinking, and media literacy to prepare 

for the new global, digital economy
39

.  

 

Added to the well-known relevance of science and mathematics for the development of 

engineers, there are many other student entry-level attitudes that may affect their level of 

interest and motivation to pursue engineering courses and careers. We believe that more 

knowledge of engineering and engineers‟ daily life can favorably shift the attitudes of high 

school students towards engineering
18,20,36

; however, this lack of knowledge may be moving 

students away from the engineering profession. This leads to the necessity to enhance the 

number of engineering activities in the existing high school curriculum in order to be more 

effective in promoting positive attitudes towards engineering.  

 

Even though there are some initiatives to foster engineering and technological literacy among 

children such as the Engineering is Elementary (EiE) project at Boston´s Science Museum 

that aims to foster engineering and technological literacy among children, standards for 

desired and/or required “K-12 engineering skills”, are not widely recognized. However, K-12 

education principles could be applied to existing high school subjects in order to improve not 
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only engineering but more professional students‟ attitudes. Based on Katehi
21

, K-12 

education should: 1) emphasize engineering design, the approach engineers use to identify 

and solve problems; 2) incorporate important and developmentally appropriate mathematics, 

science, and technology knowledge and skills; and 3) promote engineering habits of mind, 

including systems thinking, creativity, optimism, collaboration, communication, and attention 

to ethical considerations.  

 

According to OECD
31

, differences in young people‟s career choice can be attributed to 

traditional perceptions of gender roles and identities as well as the wide acceptance of 

cultural values associated with particular fields of education. Therefore, high school students‟ 

attitudes to engineering may be an important predictor of not only being adequately prepared 

to engineering but its pursuit. If more high school students acquire positive attitudes towards 

engineering, more of them will be motivated to choose engineering as a career.  

 

An attitude is a relatively enduring organization of beliefs, feelings, and behavioral tendency 

towards socially significant objects, groups, events or symbols
43

. In other words, 

an attitude is an expression of favor or disfavor toward a person, place, thing, or event, and 

this psychological tendency is expressed by evaluating a particular entity with some degree of 

favor or disfavor
13

 usually through a likert scale as a direct attitude measurement
24

.  

 

Besides being measurable and changeable as well as influencing the person's emotion and 

behavior, attitudes can be formed from a person's past and present
1
. Therefore, based on a 

familiar cliché “positive attitudes produce positive results”, we believe that high school 

students‟ positive engineering attitudes may produce positive results in terms of the intentions 

to pursue Engineering studies.  

 

Engineering attitudes have been widely documented through the literature
7,10,18,28,29 

since they 

have the power to attract or to repel students from STEM studies
27

. However, research on 

engineering attitudes rarely focuses on how students perceive engineering related to their 

intended career or choice of university major.  

 

Although attitudes of freshman engineering students change over the course of their first 

academic year affected by the type and quality of educational program that the students‟ 

experience
7
, we think it is important to consider attitudes that students bring to the university. 

Therefore, this research aims to provide a Brazilian baseline measure of high school students‟ 

attitude to engineering which could be taken forward and used to inform educational action 

plans and also to improve students‟ engagement in engineering. 

 

This paper presents a study that addresses the issue of Brazilian high school students‟ 

attitudes to engineering and engineers, and how these relate to their intention of majoring in 

engineering at university level courses. And we hypothesized that students´ attitudes to 

engineering and engineers were significantly more positive when directly related to their 

interest in pursuing a career in engineering. 

 

METHOD 

 

As the most straightforward way of finding out about someone‟s attitudes would be to ask 

him/her, a direct attitude measurement was conducted by using a six-point-likert scale (totally 

agree, partially agree, indifferent, partially disagree, totally disagree, I don´t know). It was 

used in this research, since this is the most widely used approach to scaling responses in 
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survey researches. Our engineering attitudinal survey was not only concerned with whether a 

high school student thinks positively or negatively about the topic, but also how powerful the 

feeling is for the student.  

 

Based on well-known literature
2,4,5,6,7,8,9,10,15,17,18,23,28,29,37

 an attitudinal scale student survey 

was developed in order to determine if high school students´ attitudes to engineering and 

engineers differ between students who do consider engineering as a career (group 1- DO) and 

students that do not consider engineering as a career (group 2- DO NOT).  

 

As survey validity can be increased through pilot testing with the intended audience
14,22,44

, a 

pre-test was applied to one male 16-year-old high school student. He was told to be free to 

ask any question or make any comment while answering the pre-test. Some adjustments were 

done to the survey and a test-retest measure of reliability
44

 was obtained by administering the 

same instrument to the same individual at a different point in time. The degree to which both 

administrations are in agreement is a measure of the reliability of the instrument
44

. Then, the 

same pre-test was applied to six high school students (5 female and 1 male) in order to count 

how much time they would spend in filling out the survey and also to register their 

comments.  In future studies, more instrument validation techniques may be conducted to 

reassure that the survey is measuring what it was designed to measure
14,40,44

. The final 

version of survey after all adjustments were made can be seen in figure 5. 

 

Students were asked to complete a paper-based questionnaire during a career fair, called 

“USP and The Professions”, at the University of São Paulo (USP) main campus. It is a three-

day event in which students come from all over the state of São Paulo to get information 

about all the major and other opportunities that are offered at USP, besides participating in 

hands-on activities, campus tour, conversations, lectures, and other activities.  

 

For this paper, the survey structure consisted of three parts: participants‟ profile (age, gender, 

type of school, kind of course and class year), evaluated questions (47 six-point likert-type 

scale items) and engineering choice or not. Figure 3, shows the identification part (part 1). 

 

Part 1 - Identification 

 AGE:       (  ) 14       ( ) 15       ( ) 16       ( ) 17       ( ) 18       ( ) 19 or up 

 GENDER:       ( ) female       ( ) male 

 Kind of high school:      ( ) Public      ( ) Private      ( ) Both 

 Type of course:    ( ) Regular high school       ( ) Technical School     ( ) Both     ( ) Other 

 Year at school:     ( ) 1
st
      ( ) 2

nd
      ( ) 3

rd
      ( ) 4

th
       ( ) Other 

Figure 3: Survey part 1: participants‟ identification. 

  

We collected 510 completed, paper-based questionnaires, digitalized and analyzed the data. 

Throughout the analysis process, care was taken in the organization and interpretation of the 

data to ensure transferability, dependability, and conformability. From the 510 surveys, two 

surveys were discarded because their ages were out of our research age range. Figure 4 shows 

distribution and characteristics of the 508-sample. 

 

When considering the type of school students go to, the “both” option refers to some schools 

classified to be both public and private in Brazil. They are usually part of the private school 

network, although free for students, but maintained by a foundation, and considered as a 

philanthropic nonprofit school.  
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The regular Brazilian high school educational system consists of three years: first, second and 

third. Some schools offer a four-year vocational track that is equivalent to secondary 

education given at regular high school, with added technical training in specific areas such as 

mechanics, electronics, chemistry, etc. Some students do have the opportunity to take both 

tracks at the same time, in separate shifts. This is the reason why there is “both” as an option 

to mark under the type of course they are at. The option “other” refers to special classes for 

students who already graduated from high school, for example preparatory courses for 

university entrance exams. 

 

              

 
Figure 4: Sample characteristics of the 508 high school survey participants. 

 

In order to attract students to complete our survey, a poster was displayed stating “Do you 

want to win a tablet? We want to know what you think… so answer a survey for a chance to 

win a tablet!” After completing the survey, each participant filled out a separate sheet of 

paper (used for the tablet run), containing his or her name, e-mail address and contact phone 

number, since the survey had no space for any personal information, maintaining 

confidentiality. 

 

RESULTS AND ANALYSIS 

 

Data analysis was conducted in order to determine if high school students‟ attitudes towards 

engineering differ in terms of students‟ age, gender, type of school, kind of school (course) 

and year they study at. Techniques used in this study included a quantitative method of 

descriptive statistics analysis of the survey; categorizing themes using analysis matrix, and 

cross-case analysis.  

 

Overall survey results demonstrated that high school students‟ attitudes to engineering are 

positive, as shown in figure 5. For each survey item, positive and negative attitudes were 

taken into consideration. Positive attitudes were given by the sum of “totally agree” and 

answers (TA+PA), Group A, marked by high school students‟ responses. While negative 

attitudes, were given by the sum of “partially disagree” and “totally disagree” answers 

(PD+TD), Group B. 

Note that negative attitudes related to the survey items 36, 37, 38, 41, 42, 43 and 44 in which 

(PD+TD) columns (red) present higher scores than (TA+PA) columns (blue), is caused by 

negatively phrased sentences about engineering and engineers. Therefore, the parameters of 
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negative attitudes shown in the graph (figure 5) mean, in fact, higher positive attitudes 

towards engineering and engineers.  

 

 
Figure 5: Sum of answers considering two groups. Group A (blue), sum of totally agree (TA) and partially agree 

(PA) answers. Group B (red), sum of partially disagree (PD) and totally disagree (TD) answers. 

 

Pearson Correlation Tests 

 

Pearson correlation coefficient values range from +1 to -1. Pearson correlation tests were 

applied to the survey results, demonstrating that there is limited correlation since all values 

were very close to zero, in which a zero value indicates no association between each of the 
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two variables. Results demonstrate positive and negative correlations according to the 

participants‟ gender, school, course and age, and results are shown in figure 6. The numbers 

from 1 to 47 refer to the survey items. 

 

The colors in Pearson correlation (figure 6) tests indicate that the more reddish the more 

closer to -1 correlation coefficient, while the greener the closer to +1 correlation coefficient. 

Overall results from the Pearson test are shown in the figures below.  

 

 
Figure 6: Pearson correlation test results. 

 

Considering participants‟ gender, there is a higher positive correlation in questions 5 (I like 

playing video games or electronic games) and 15 (I enjoy disassembling toys or equipment to 

verify how it works), while in question 22 (“I think other careers would be more rewarding 

than engineering”) a higher negative correlation is shown. This means that, for those 

questions we have the highest differences between female and male. 

 

In terms of the kind of schools, there is a positive correlation in items 7 (“I prefer studying or 

working alone”) and 47 (“engineers do a lot of experiments”) and a negative correlation in 

item 1 (“group studying is better than individual one”). This shows that there is a small 

difference between students from public and private students for those statements. In relation 

to the type of course participants take (regular, technical/vocational high school or others), 

the results for Pearson correlation tests were not significant.  

 

In terms of age correlation results, item 32 (“engineering is directly related to finding 

problems precise answers or solutions to”) showed a positive correlation, but a negative one 

in item 37 (“to be a good engineer it is necessary to be a genius and/or have a high IQ”). This 

means that, for those questions we have the highest differences among students, as they get 

older. 

 

Based on students‟ responses, one finding which could appear to be contradictory to our 

initial hypothesis (that students´ attitudes to engineering and engineers were significantly 

more positive when directly related to their engineering career choice) was that, except for a 

few items, the questionnaires data analysis show that students‟ attitudes to engineering did 

not differ significantly between the two groups, group 1 (students that consider engineering 

as a career) and group 2 (students that do not consider engineering as a career option) . Figure 

7 shows Pearson correlation tests for group 1, and figure 8 shows group 2 results. Group 1 

and group 2 descriptive results are summarized on tables 1 and 2, respectively. 

 

So, as the correlation coefficients were very low, the results show that there is almost no 

significantly variation among participants‟ answers, considering gender, school type, course 

type and age, demonstrating that for the students of our sample of Brazilian high school 

students, they do have positive attitudes towards engineering no matter if they do or do not 

consider engineering as a career choice. 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Gender -0,07 0,06 -0,06 0,03 0,31 0,06 0,04 0,09 0,18 -0,07 0,05 -0,02 0,17 0,23 0,31 0,09 0,01 -0,03 -0,06 0,16 0,22 -0,11 -0,03

School -0,25 -0,11 -0,16 0,00 0,06 -0,01 0,14 0,01 0,10 -0,14 -0,08 -0,08 -0,08 -0,02 -0,03 -0,06 -0,13 -0,07 -0,07 0,02 -0,05 -0,11 0,06

Course 0,03 -0,04 0,05 0,01 -0,04 0,05 0,04 -0,07 0,03 0,09 0,08 0,00 -0,06 0,02 0,06 0,03 0,07 0,05 0,09 0,01 0,08 0,05 0,07

Age 0,03 0,05 0,00 0,02 0,05 -0,04 -0,04 -0,06 -0,03 -0,01 -0,04 0,03 -0,02 0,08 0,01 0,03 0,04 0,02 -0,01 -0,01 -0,06 -0,01 -0,05

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

Gender 0,10 -0,02 0,01 0,04 -0,04 0,00 0,04 0,00 0,05 -0,03 -0,06 0,03 0,01 -0,04 0,10 0,02 -0,09 0,02 0,12 0,16 0,07 0,13 0,14 0,05

School -0,09 0,09 -0,01 0,05 -0,06 -0,03 0,00 0,11 0,07 0,02 0,01 0,04 0,00 0,01 0,02 0,04 0,03 -0,04 0,08 0,12 0,07 0,05 0,04 0,15

Course 0,05 -0,02 0,00 0,05 -0,02 0,01 0,01 0,04 0,02 0,04 0,00 -0,07 0,03 -0,03 0,02 0,04 0,04 0,00 -0,05 -0,09 0,00 -0,07 0,00 -0,03

Age 0,06 0,06 0,01 -0,02 0,00 -0,01 0,11 0,05 0,13 0,01 -0,05 -0,03 -0,06 -0,15 0,00 -0,08 0,05 0,00 -0,01 -0,01 -0,07 -0,08 0,00 -0,02
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Figure 7: Pearson correlation tests results for the group of students that DO consider engineering as a career 

option (group 1- DO). 

 

 
Figure 8: Pearson correlation tests results for the group of students that DO NOT consider engineering as a 

career option (group 2- DO NOT). 
 

Question-to-question correlations were also made in order to observe tendencies between 

groups 1 and 2. Although Group 1 and Group 2 correlation results shown in figures 11 and 12 

are hard to see due to the size of Excel sheet, it is possible to identify just a few reddish spots 

which would indicate a strong correlation. 

 

 
Figure 11: Excel sheet print screen of Group 1- DO - Pearson questions correlations. 

 

To further illustrate this question-to-question correlation, survey items 23 (ecology/ 

environmental sciences) and 24 (group work/ group studies) will be more thoroughly 

described. Positive correlations in items 23 and 24 were identified when paired with survey 

items 2 and 8, 3 and 10, 4 and 9, since results demonstrate that all those correlations are 

bigger than 0.30. This means that most students that consider engineering as a career do not 

know or totally disagree with item 24, they also do not know or totally disagree with item 23. 

And most of Group 1 students that totally or partially agree with 23, they totally or partially 

agree with 24. 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Gender -0,10 0,06 -0,05 0,00 0,34 0,01 0,05 0,04 0,17 -0,09 0,08 -0,03 0,12 0,22 0,30 0,06 0,00 -0,07 -0,09 0,16 0,17 -0,15 -0,01

School -0,29 -0,07 -0,11 0,01 0,04 -0,07 0,17 0,06 0,12 -0,12 -0,07 -0,08 -0,01 0,00 -0,05 -0,09 -0,16 -0,12 -0,11 0,04 -0,02 -0,10 0,05

Course 0,02 -0,08 0,02 0,01 -0,04 0,03 0,02 -0,11 -0,02 0,09 0,08 0,00 -0,08 0,00 0,04 0,01 0,05 0,02 0,10 -0,05 0,03 0,06 0,08

Age 0,04 0,08 0,05 0,11 0,07 0,02 -0,05 0,00 0,01 0,06 0,00 0,01 -0,03 0,12 0,08 0,12 0,08 0,05 0,02 0,03 -0,03 -0,03 -0,05

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

Gender 0,08 0,00 -0,01 0,05 -0,07 -0,01 0,07 0,03 0,03 -0,02 -0,05 0,09 0,02 -0,04 0,11 0,00 -0,10 0,05 0,15 0,20 0,04 0,15 0,12 0,01

School -0,14 0,03 -0,06 0,03 -0,09 -0,03 -0,01 0,07 0,04 -0,01 0,02 0,04 -0,02 -0,06 0,07 0,05 0,02 -0,05 0,14 0,15 0,13 0,03 0,04 0,12

Course 0,03 0,01 0,04 0,06 -0,02 -0,01 0,02 0,05 0,03 0,04 -0,01 -0,06 0,05 -0,06 -0,01 0,03 0,04 -0,02 -0,06 -0,11 -0,05 -0,12 0,00 -0,05

Age 0,13 0,00 0,07 -0,03 0,05 0,03 0,14 0,08 0,14 0,02 -0,07 -0,04 -0,04 -0,16 0,00 -0,06 0,11 0,04 0,02 0,02 -0,04 -0,05 0,06 0,06

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Gender -0,02 0,06 -0,11 0,08 0,18 0,09 0,00 0,19 0,13 -0,10 -0,06 0,07 0,24 0,23 0,27 0,18 -0,01 0,02 -0,08 -0,08 0,24 0,07 -0,12

School -0,17 -0,26 -0,27 -0,06 0,15 0,06 0,04 -0,15 0,07 -0,18 -0,07 -0,08 -0,21 -0,05 0,00 0,07 -0,06 0,00 0,08 0,01 -0,08 -0,16 0,09

Course 0,04 0,09 0,15 -0,05 -0,11 0,01 0,14 0,09 0,07 0,01 0,08 0,04 -0,03 0,01 0,09 0,04 0,12 0,09 0,00 0,01 0,07 0,04 0,05

Age 0,04 -0,03 -0,11 -0,17 0,05 -0,11 -0,04 -0,17 -0,04 -0,12 -0,10 0,09 0,07 0,02 -0,10 -0,13 -0,07 0,00 -0,03 0,03 -0,01 -0,04 -0,03

24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

Gender 0,02 0,03 -0,01 -0,02 -0,01 -0,05 -0,11 -0,12 0,04 -0,11 -0,13 -0,17 -0,05 -0,04 0,03 -0,02 -0,10 -0,06 0,01 0,05 0,08 0,02 0,19 0,09

School 0,08 0,17 0,07 0,08 0,03 0,03 0,04 0,21 0,15 0,08 -0,03 0,06 0,02 0,16 -0,11 -0,01 0,11 0,00 -0,01 0,12 -0,08 0,17 0,06 0,29

Course 0,00 -0,01 -0,19 -0,01 -0,07 -0,01 -0,11 0,04 -0,08 0,01 -0,04 -0,13 -0,03 0,00 0,05 0,00 0,03 0,03 -0,09 -0,11 0,06 0,02 -0,05 -0,05

Age -0,02 0,14 -0,06 0,04 -0,09 -0,05 0,07 0,01 0,18 0,04 0,01 0,03 -0,09 -0,09 0,01 -0,08 -0,07 -0,07 -0,03 -0,05 -0,10 -0,10 -0,15 -0,19

P
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Negative question-to-question correlations identified were in items 7 and 1, 9 and 22, 9 and 

25, 9 and 41, 21 and 22, 24 and 25. Most students that consider engineering as a career do not 

know or totally disagree with item 24, they totally or partially agree with 23. And students 

that do not know or totally disagree with 23, they totally or partially agree with 24. 

 

Group 2 Positive correlations between 24 and 23 demonstrate that all correlations are bigger 

than 0.30. Most students that do not consider engineering as a career do not know or totally 

disagree with item 24, they also do not know or totally disagree with item 23. And most of 

Group 1 students that totally or partially agree with 23, they totally or partially agree with 24. 

 

Negative correlations demonstrated correlations more negative than -0.30 between 24 and 23. 

Most students that do not consider engineering as a career do not know or totally disagree 

with item 24, they totally or partially agree with 23. And students that do not know or totally 

disagree with 23, they totally or partially agree with 24. 

 

Other correlation coefficients are being tested in order to find more sensitive to nonlinear 

relationships. 

 

 
Figure 12: Excel sheet print screen of Group 2 – DO NOT - Pearson question-to-question correlations. 

 

Pivot tables 

 

Pivot tables and graphs were used to summarize, analyze, explore and present data for each 

survey item by correlating answers of Groups 1 and 2. Graphs generated provided 

information of items with more and less positive / negative attitudes. Except for a few survey 

items, overall responses were essentially contained no noteworthy differences between the 

two groups, since they vary less than 10% to each other, except for items 22, 24, 26, 45 and 

47. These five survey items showed a difference of more than 10% variation between groups 

1 and 2 answers. 

 

Items 3, 11, 12, 18, 23, 29 and 34 showed more positive attitudes since these seven survey 

items answers had the highest scores, when considering the sum of “totally agree” and 

“partially agree” options marked by both groups 1 and 2 (figure 5). But following the same 

criteria (considering the sum of “totally agree” and “partially agree” options marked by both 
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groups 1 and 2), items 25, 38, 41 and 44 showed more negative attitudes since this sum do 

not reach 20% of their answers. 

 

Items 36, 41 and 44 had the more negative attitude by adding scores of “partially disagree” 

and “totally disagree” options marked by both groups 1 and 2 are considerably high. And 

with the same sum criteria, items 11, 12, 23, 29, 31 and 34 had lowest scores for it. Above all, 

the most positive attitude was noticed in item 34 for both groups 1 and 2 (figure 13), while 

the most negative attitude was for item 36 (figure 14). 

 

 
Figure 13: Chart from pivot table considering Groups 1 and 2 answers to survey item 34. TA=totally agree; PA= 

partially agree; IN= Indifferent; PD= partially disagree; TD= totally disagree; DK= I don‟t know. 

 

 
Figure 14: Chart from pivot table considering Groups 1 and 2 answers to survey item 36. TA=totally agree; PA= 

partially agree; IN= Indifferent; PD= partially disagree; TD= totally disagree; DK= I don‟t know. 

 

However, when comparing some personal likes or abilities (items 4, 6, 8, 9, 11, 12, 15), 

Brazilian students‟ general attitudes towards engineering are all almost not dependent on their 

engineering choice or not, even with slight statistically differences. And except for items 7, 

12, 17 and 41 that their positive answers to them show almost no difference at all when 

comparing the two groups, all of the other items responses show higher Group 1 positive 

attitudes than group 2 ones.  

 

Students‟ positive attitudes to how engineers contribute to society (items 23 and 27) differ in 

the total sum of positive and negative attitudes (figure 5), but show almost the same range of 

statistical difference related to Group 1 and 2 answers. On average, engineering was 

perceived as making a good contribution to society besides being involved with several 

important issues affecting society today. However, Brazilian students show more positive 

attitudes towards the importance of engineering to the country‟s economic development than 

to solving world problems. 

 

DISCUSSIONS AND CONCLUSIONS 

 

In Brazil and some other parts of the world, high school students are required to make a 

career choice very early in life and when they are very young for such an important decision. 

Although it is not easy to decide whether or not the career chosen will suit him or her for a 
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lifetime, many successful people take time to slowly work out what it is that makes them tick 

and brings them fulfillment.  

 

No matter what the career choice is selected, students need to start planning in high school to 

ensure they are prepared to take the correct major later at university. Some specific profile 

tests may help as a starting point for students to gain a better understanding of their interests, 

values and goals, alongside discussions with friends, family or professional career counselors 

at school or elsewhere. Good career decisions require good information about personal traits 

and preferences, and also about the real world and workforce.  

 

When considering engineering as a career choice, excelling in mathematics and additional 

related subjects such as chemistry, physics or higher math subjects will surely benefit the 

candidate. And results for students‟ like of science and math more than other subjects (survey 

item 9) corroborates to this since the group of students that consider taking engineering do 

have positive attitudes related to liking science and math better than other high school 

subjects. Moreover, it is not easy to decide whether engineering is the right career choice, but 

having more positive attitudes towards engineering – and towards other areas is no different – 

may be a path to help or enable students to take up the right career decision. 

 

It is challenging to educate an engineer prepared to meet the challenges encountered in this 

new century, but prior to encouraging high school students to pursue a career in engineering 

is crucial in building a strong foundation for a successful future nation. A report from the US 

National Academy of Engineering
30

 says that encouraging young people to make a difference 

in the world through an engineering career is more likely to attract them than emphasizing the 

challenge of math and science skills.  

 

It is clear that there is an urgent need for more Brazilian initiatives to strengthen and improve 

mathematics and science teaching in the levels of primary and secondary education, 

especially to enable students to climb up higher scores in international tests like PISA. 

However, we may accept, for the most part, that successful completion of high school is 

necessary, but not necessarily a sufficient requirement for successful entry into the university-

level engineering courses.  

 

Attitude and personality growth are occasionally recognized, although not usually in a formal 

manner. College entrance exams are usually confined to a evaluating the content knowledge, 

neither considering skills nor attitudes that may generally influence the successful completion 

of the undergraduate studies or engineering career. However, we believe that high school 

students with the highest awareness of engineering tend to perceive the profession as a more 

creative and interesting profession to pursue.  

 

The value of using surveys of engineering attitudes to help institutions evaluate their 

freshman engineering programs has been documented. However, this high school engineering 

attitudes survey succeeded in assessing students‟ perceptions of the engineering profession 

and engineers in a heterogeneous high school audience. Besides helping us understand that 

students‟ attitudes towards engineering are not significantly affected by their engineering 

career choice, it may contribute to an understanding of why students exhibiting positive 

engineering attitudes are not choosing engineering. Results of the survey will also be used to 

help us answer questions related to the misconceptions about engineering that may lead some 

students to select other careers rather than engineering.  
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Students‟ enjoyment of math and science had more than 20% difference in all six likert-scale 

options when comparing their intention to pursue engineering career or not. This corroborates 

to the well-known engineering need of a strong background in math and science, although 

authors believe that engineering also requires a strong inter-disciplinary base.  

 

What we called the most negative attitude towards engineering shown in item 36 (“engineers 

do not need to know a lot about environmental, economy and politics issues”) by adding 

“partially disagree” and “totally disagree” results (figure 5) for both groups is in fact, for this 

paper, a very positive result since the survey item had a negative effect. This means that 

almost all participants do know that it is important that an engineer is updated with 

environmental, economic and political issues, corroborating to the thought that not only 

technical skills, but professionalism, self-management skills, people skills, important building 

blocks to success in any career
45

.  

 

According to Gordon
16

, it is doubtful that attitudes can be "taught" explicitly. It is certain, 

however, that they can be acquired as part of the individual's growth and maturation, and that 

they will be the result of many influencing factors. The individual's family traditions, values, 

and practices, early schooling (and, more important, the individual's teachers in those 

schools), peer pressures, religious groups, and governmental practices and procedures, all 

contribute to the developed attitudes that a high-school graduate brings to his first career 

position. However they may be acquired, modified, or developed, although influenced greatly 

by the role model offered by the teachers to the students. This reinforces the need for high 

school students to be more "comfortable" when they are called upon to perform real-world 

engineering. The high school system shall consider some of the characteristics of a real-world 

engineer to be applied to already existing subjects.  

 

This quantitative survey, which was designed to provide a representative picture across the 

high school students´ attitudes towards engineering and engineers, yielded positive results in 

terms of correlation factors. Results extracted from this research were similar to other 

published studies
5,8,23

 and valid inferences about high school population can be made from 

participants‟ answers to this survey. Regardless students‟ career choice – engineering or not – 

overall students responses reported favorable attitudes towards engineering. The survey 

provided robust measures at the overall high school students‟ level as well as for age, gender, 

school, course or school year they are in. Therefore, findings from the quantitative survey 

show that engineering as a profession was viewed positively, no matter the students´ career 

choice.  

 

Besides research revealing that high school students do have a positive attitude towards 

engineering, this paper also aims to contribute to the issue on awareness of the “engineering 

real world” as an excellent way to increase youth interest in pursuing engineering careers. 

However, we can conclude from the quantitative survey that greater knowledge drives a more 

positive attitude to engineering.  The findings suggest that in order to engage the high school 

public more effectively, overall awareness and knowledge of engineering needs to be 

increased. 

 

Teachers concerned with improving the education and training of engineers have a challenge 

to use the tools of the latest technology not only to broaden the knowledge-base and to 

strengthen the acquired fundamental analytical skills of the engineers-to-be, but especially to 

develop methods to encourage and train the real engineers-to-be, the leaders-to-be, to be 

imaginative, creative, daring, and responsible
16

. 
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Attitudes towards engineering revealed in the survey tended to reinforce that providing 

people with information about engineering improves and clarifies understanding of the scope 

and breadth of engineering and importantly, generates interest in the profession. Individual 

accomplishments, achievements, skills and attitudes towards engineering will surely 

contribute to better engineering graduates that truly understand their role as professionals to 

lead in the invention and production of new products which benefit society. 

 

This research may have provided a baseline measure of high school attitudes towards 

engineering which can inform action plans to build engagement including the provision of a 

baseline data to measure and compare changes in high school students‟ attitudes and 

perceptions, over time. The overall research aims of this work achieved its goals to determine 

public attitudes of engineering and engineers; to explore, in depth, the reasons for such 

attitudes to engineering and engineers; to explore perceptions on how engineering impacts 

and contributes to society. A better understanding of the impact of high school students‟ 

attitudes toward engineers and engineering will surely have many other positive outcomes. 

Yet the impact of these attitudes still needs to be better identified and explored further, and 

compared to other existing studies. Research studies exploring other variables and also 

additional attitudinal issues are needed. 

 

In future studies, results of this high school attitudinal instrument will also be compared to 

other survey to be applied to engineering undergraduate students. Our acknowledge of 

engineering attitudes‟ importance will help us enhance future work on identifying potential 

skilled pre-engineering candidates and also to encourage them in favor of choosing the right 

career path, preferably towards engineering. To have positive attitudes towards engineers and 

engineering is a good start for high school students to pursue the “engineering world”. 

 

Our overall impression of this research was that the content of the items and the general 

purpose of the survey make an important contribution to the field of engineering education, in 

which considerable efforts need to be put into attracting more prepared and motivated young 

people to engineering. 

 

Revision of survey items is necessary, besides retesting and rephrasing. However, the 

attitudinal part of the survey seems to assess valid and predictive aspects of high school 

students‟ attitudes towards engineering. Even though there were no marked differences in the 

responses between high school students that consider taking engineering from and the ones 

that do not consider it, we believe that by knowing how positive or negative their attitudes 

towards engineering and engineers reveal themselves to be, we can contribute to the issue of 

enhancing pre-engineering concepts in high school. And also as a result, this survey will help 

to strengthen initiatives that can impact high school students‟ attitudes in a more positive 

manner in order to encourage more and more high school students to pursue a career in 

engineering. 
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