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Abstract. This paper presents the results of the implementation of a pilot project 

using active and collaborative teaching and learning methodologies such as Flipped 

Learning, Just-In-Time Teaching, Peer Instruction, Project Based Learning and Design 

Thinking in curriculum components of the civil engineering and production engineer-

ing matrix courses of at the Center for Science and Technology (CCT) Mackenzie Pres-

byterian University  Campinas campus, state of Sao Paulo, Brazil. The efficiency of the 

use of active and collaborative teaching and learning methodologies was questionnaires 

and standardized tests for assessing cognitive skills and socio-emotional skills, such as 

the Force Concept Inventory (FCI) and Social Emotional Health Survey Higher Edu-

cation (SEHS-HE), in different classes participating in the pilot project. Tests were ap-

plied before and after the use of active methodologies, where the control classes were 

evaluated from the perspective of the conventional lecture methodology and the so-

called experimental classes were evaluated applying   different methodologies. Results 

indicated with the implementation of the pilot project in the curriculum components 

with the use of active and collaborative teaching and learning methodologies, students 

became more protagonists of their learning process, showing a teaching and learning 

approach, adding both theory and practice more effective, motivated and motivating 

the students of engineering courses. 
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1 Introduction 

The demands of the 21st century are related to socially, politically and ideologically 
focused education which have driven research and the use of active and collaborative 
teaching and learning methodologies that seek to redefine the role of teacher and student 
in the process of knowledge construction in different educational contexts [01, 02 and 
03]. In this context, the application of active teaching methodologies becomes in funda-
mental importance, especially in technology-based courses. 

 Among the most commonly used active teaching and learning methodologies, which 
is shown to be one of the alternatives to the formal model of merely expository classes, 
flipped learning / flipped classroom is one of the most prominent [04]. There are numer-
ous other active and collaborative teaching and learning techniques developed in recent 
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years that aim to enhance both the understanding of fundamental concepts and problem 
solving in the teaching-learning process, namely: just in time teaching, peer instruction, 
one-minute paper, think-pair-share, scale-up, team-based learning, problem-based learn-
ing, project-based learning, design thinking, among others [05, 06, 07 and 08]. 

 Specifically, in the field of engineering, there is need for the cognitive and non-cog-
nitive formation. The last one also called socioemotional skills. Both for understanding 
the fundamental concepts, which is the basis of intellectual and academic formation, and 
for problem solving, which is intrinsic to engineer in its different specialties, as empha-
sized in the National Curriculum Guidelines of the Engineering Undergraduate Course 
- Resolution CNE / CES 11 of 11 March 2002, specifically in Article 3, which states that 
“the Engineering Undergraduate Course has in its profile from the graduating graduate 
/ professional the engineer [...] stimulating his critical and creative performance in iden-
tifying and solving problems [...] ” [09]. 

2 Bibliographic Review 

2.1 Cognitive Skills 

Human intelligence has been modeled through three major streams: psychometric 
(or factorial), developmental, and the human information processing approach [10]. The 
psychometric approach defines intelligence structures and their organization. The devel-
opmentalist defines intelligence structures and their dynamics throughout development 
and information processing seeks to investigate in detail the cognitive processes in-
volved in traditional test resolution, giving rise to the area of cognitive neuroscience 
[11]. The concept of competences would be in the plane of knowing how to know and 
is related to the ability to mobilize resources to solve complex situations. The skills 
would be in the plane of knowing how to do and are configured as tools that can generate 
the skills. A matrix of competencies and skills has been presented by the National Insti-
tute for Educational Studies and Research (INEP) for the government evaluation pro-
gram of the National High School Examination (ENEM), proposing a matrix with 5 
competencies and associated with each 21 skills [12]. In 2017 this proposal was revised 
and the Common National Curriculum Base (BNCC) started to present 10 general com-
petences, as well as their related skills, also involving ethical, aesthetic, political princi-
ples and clearly presenting socio-emotional skills (Figure 01) [13, 14]. 

 

2.2 Socio-Emotional Skills 

Socio-emotional skills are identified by the Organization for Economic Co-operation 
and Development (OECD) as essential to vocational training in order for young people 
to succeed in an increasingly dynamic and competitive labor market [15]. There is a 
large group of socio-emotional skills and competences, according to an OECD report 
[16], permeating the personality traits of individuals. Socio-emotional skills are config-
ured as a set of skills inserted in a context to be worked. Below we can see, in figure 02, 
a list of socio-emotional skills that encompass the characteristics of individuals inserted 
in the 21st century [16]. 
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Fig. 1. BNCC Skills and 

Skills Matrix [13, 14] 

Fig. 2. OECD Socio-Emotional Skills [16] 
 

 

 

2.3 Cognitive and Socio-Emotional Skills Assessment Tools 

 In the case of cognitive skills assessment there is a large amount of standardized 
tests validated in various areas of knowledge for all levels of education, such as tests 
for higher education in the area of physics called Force Concept Inventory (FCI). , 
which seeks to evaluate the basic concepts of Newtonian mechanics, trying to high-
light the alternative conceptions related to these concepts [17]. The concept of force 
in FCI is widely evaluated and is decomposed into six conceptual dimensions: (i) 
kinematics, (ii) Newton's First Law, (iii) Newton's Second Law, (iv) Newton's Third 
Law, (v) Principle of Overlap and (vi) Types of Force [18]. The original test consists 
of 29 questions, presenting 5 alternatives where only one refers to the scientifically 
correct concept. The official translated and validated version of the FCI consists of 
30 multiple choice questions, presenting for each question the scientifically correct 
alternative and the distractors [18 and 19]. To measure socio-emotional skills and 
competences in the sphere of higher education, we have the instrument of Furlong et 
al. 20], which developed and validated, over an 18-month period, an instrument for 
assessing socio-emotional health in higher education individuals called the Social 
Emotional Health Survey Higher Education (SEHS-HE). Based on the concept of co-
vitality, which describes the empirical observation that positive human traits tend to 
be found together, the scale was developed with 72 pilot items that, in a new version, 
were reduced to 48 items across four distinct cores: belief in itself; belief in others; 
emotional competence and engaged life [20]. 
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3 Methodology 

 The implementation of the methodology and active teaching and learning tech-
niques was done gradually, selecting the main fundamental concepts that integrate the 
contents of some curriculum components of the matrix of the civil engineering and 
production engineering courses of the Center of Science and Technology. Two clas-
ses were chosen from each curriculum component of the matrices of the two engi-
neering courses to carry out the project, where one class was the experimental one, 
using the new active learning methodology, such as Flipped Learning, Just in Time 
Teaching, Peer Instruction, Project Based Learning or Design Thinking, and the other 
class was the control class, where the conventional methodology of lectures was used. 
The curricular components chosen were: General Physics, Differential and Integral 
Calculus, Innovation and Product Development, Urbanism and Architectural Design 
and Technical Design and CAD. For General Physics curriculum content, for exam-
ple, students in both the Control (Civil Engineering) and Test (Production Engineer-
ing) classes answered the FCI Cognitive Skills questionnaire before and after the con-
tent of the Three Laws of Newton so that it could calculate the normalized percentage 
gain [21] 

𝐺 =  
 𝑆𝑝𝑜𝑠 −  𝑆𝑝𝑟𝑒

100% − 𝑆𝑝𝑟𝑒
 

Where 

 

Spre is the percentage of correct answers before the study of the theme; 

Spos is the percentage of success after studying the theme. 
   

 In the case of the curricular component of differential and integral calculus, stu-
dents answered questionnaires on cognitive skills prepared by the teacher himself and 
in the specific curriculum components of engineering courses students developed pro-
jects using the techniques of PBL and Design Thinking. All engineering students an-
swered the SEHS-HE Socio-Emotional Skills questionnaire translated by the project 
team. 

4 Results and Discussions 

 Some results of the pilot project to implement active teaching and learning meth-
odologies in the curriculum components of the Civil Engineering and Production En-
gineering courses will be presented below. 

 In the case of the Curriculum Component of General Physics, one of the questions 
on the FCI questionnaire that none of the students got right, either from the control 
class or the test class, before the content study (pre-test situation), was question 5, 
showing that Students are still unclear about the types of forces that are present in 
interactions between bodies, as no student has indicated the correct alternative (5B), 
or present alternative conceptions related to common sense that are not scientifically 
correct (Figures 03 and 04). In this issue, the most frequent distractor was the belief 
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that obstacles do not exert force (alternative 5A). After the study of the content (post-
test situation), question 5 had a 24% yield, as can be seen in figure 05. 

 

 
Fig. 3. Questions 5 of FCI Questionnaire 

 
 From the application of the FCI questionnaire it was noticed that the students' per-

formance was in the low normalized percentage gain range (G <0.3) for both the con-
trol class and the test class, with some specific cases in the normalized average per-
centage gain range. (0.7> G> 0.3) (Table 01). In the control class, there were cases of 
negative normalized percentage gain, which may evidence the lack of interest in the 
content taught, using the traditional methodologies of lectures. 

 

  
Fig. 4. FCI Question 5 Answers in Pre-

test Situation (Correct: B) 
Fig. 5. FCI Question 5 Answers in Pos 

test Situation (Correct: B) 
 

 Making a general statistical consideration between the two control (Civil Engi-
neering) and test (Production Engineering) classes, in both Pre-Test and Post-Test 
groups we had an increase of the averages for both Control and Test classes. However, 
in the case of the test class, the actual values of the Pre-Test (30.00%) and Post-Test 
(46.67%) medians are higher than those of the control class, as well as the difference 
between the Pre-Test medians. Test and Post-Test is higher for the test class (16.67%), 
and may show a learning gain in the Production Engineering test class using the active 
teaching-learning methodology (Table 02). 
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 In the case of the Technical Drawing and CAD curriculum component, the results 
refer to the evaluation in 27 students of the Civil Engineering course before (N1) and 
after (N2) the application of teamwork (Table 03). 

Table 1. Percentage gain 

normalized for both classes 

Table 2. Statistical analysis of General Physics FCI results 

Normalized Per-

cent Gain (G) 

 

 

Control 

Class 

Test 

Class 

0.06 0.26 

0.09 0.30 

0.27 0.25 

0.00 0.33 

0.09 0.21 

0.19 0.44 

0.52 0.16 

0.06 0.08 

- 0.08 0.11 

0.09 0.25 
 

 

Table 3. Statistical analysis of Technical Drawing and 

CAD notes 

 

 
 The application of the socio-emotional skills questionnaire already translated into 

Portuguese was made during the implementation of the pilot project of active teaching 
and learning methodologies. Some results showing the profile of students of Civil 
Engineering and Production Engineering courses can be seen in figure 06. It can be 
noted that the answer profile of question 7 shows that students of Civil Engineering 
and Production Engineering courses demonstrate some difficulty concentrating as 
31% admitted that they identify only a little with a profile that keeps themselves fo-
cused while studying while ignoring distractions. Another trait related to resilience 
could be studied by analyzing the profile results obtained from question 27, which 
shows 13.8% of students have great difficulty in emotional control in stressful situa-
tions (Figure 07). 

 

  
Fig. 6. SEHS-HE Question 7 Answers Fig. 7. SEHS-HE Question 27 Answers 
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5 Conclusions 

 From the application of the FCI questionnaire in the General Physics curriculum 
component it was noticed that students' performance was in the low normalized per-
centage gain range (G <0.3) for both control and test class, with some specific cases 
in the range with average normalized percentage gain (0.7> G> 0.3). For general sta-
tistical analysis between the two control (Civil Engineering) and test (Production En-
gineering) classes, in both Pre-Test and Post-Test groups we had an increase of the 
averages for both control and test groups. However, in the case of the test class, the 
actual values of the Pre-Test (30.00%) and Post-Test (46.67%) medians are higher 
than those of the control class, as well as the difference between the Pre-Test medians. 
Test and Post-Test were higher for the test class (16.67%), which can show a learning 
gain in the Production Engineering test class using the active teaching-learning meth-
odology. In the Curricular Component of Differential and Integral Calculus, it was 
noted from the analyzes performed that although the test class had greater interest in 
classes conducted with active methodology, control class had a better performance in 
the general test, being the topic of improper integrals only a part of the questions. The 
results obtained in the implementation of the pilot project of the active methodologies 
PBL and Design Thinking in the curriculum component of Innovation and Product 
Development showed that there was an optimization of the learning process of the 
students, as they were motivated and engaged in facing the proposed challenges, ob-
taining solutions with creativity, self-management, responsibility and innovation. In 
the case of the curriculum components of Urbanism and Architectural Design and 
Technical Design and CAD all students were committed during its development, go-
ing beyond the expected competences and presenting good project results. The data 
obtained in the present work suggest that active methodologies have proved to be 
alternatives for the optimization of the teaching-learning process in technology-based 
courses. 
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