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Motivation is a critical factor in academic performance. In the case of aerospace engineering education, it is 
particularly necessary due to the difficulty of the subject, so it is essential to use reliable instruments to allow 
aerospace engineering teachers to understand how their students' motivation works. Moreover, it is important to 
identify educational techniques that enhance the motivation of aerospace engineering students and help them to 
persevere through a challenging workload. In this contribution, the motivation of students of the Master of 
Aerospace Engineering degree of the Universidad Politécnica de Madrid is analyzed in two subjects that use dif-
ferent educational techniques. A teaching centered approach is applied in one subject, while active learning 
methods like Project Based Learning are applied in the other. In this second approach, students are required to 
perform a preliminary design of a Space Mission starting from Mission requirements and must intégrate the 
subsystems of a microsatellite using demonstration satellites. A reliable instrument tailored for engineering 
students has been used during two academic years to evalúate the impact of these techniques on the students' 
motivation. The empirical experience described here confirms the positive impact of active learning methods 
and indicates the key factors, both intrinsic and extrinsic, in the motivation of aerospace engineering students. 

1. Introduction 

In recent years, a transformation has taken place in teaching and 
learning methods at European universities with the aim of increasing 
active learning [1,2]. The student today is at the center of the education 
process and active learning methods are becoming more and more 
important. The application of these methods has a heightened effect in 
engineering education because of the essential practical component of 
the training, especially for subjects in the second cycle of degree pro-
grams that are of a very technological and systematic nature. 

Project-Based Learning (PBL) [3-10] is one of the active learning 
methods that have grown more popular in engineering education over 
recent years. PBL not only enhances the students' acquisition of com-
petencies specific to each subject, but encourages the development of 
generic competencies such as communication, team work, leadership, 
and so on. These generic competencies are increasingly valued in the 
professional field [11-13] and several authors have pointed out the 
benefits of this kind of methodology. In particular, PBL increases the 
motivation and satisfaction of the students [14,15] and helps develop 

skills that classical methods do not, many of which are highly appre-
ciated in the business world [16-18]. 

Many authors have asserted that PBL has a positive impact on 
motivation, but the motivation construct is a very complex topic that 
merits a thorough exploration. For a long time, useful instruments like 
the MSLQ (Motivational Strategies for Learning Questionnaire) [19], 
the Zoller test [20] or the MAPE-3 (Motivation to Learning and Ex-
ecution) [web reference 1] have been available for research into mo
tivation. However, these instruments are not tailored for engineering 
students. The particularities of these students means that there is utility 
in developing more specific tools to help understand and increase their 
motivation [21,22]. Instruments designed for this purpose, like the 
MAE (Motivation and Attitudes in Engineering) [22] or the MDI-EE 
(Motivational Diagnosis Instrument for Engineering Education) 
[23,24], are focused on engineering education. 

This latter instrument, the MDI-EE, is most appropriate for the 
purposes of this contribution for several reasons. First, it has been 
successfully validated in the population under study. Second, it has 
been useful in performing comparative studies with engineering 



students under different academic conditions. Third, it reveáis clear and 
complete information about 6 motivational áreas and 27 indicators. All 
these factors recommend the MDI-EE for research into the impact on 
motivation that traditional and active methods have for aerospace en-
gineering students at the Universidad Politécnica de Madrid (UPM). 

To perform this research empirically, it is necessary to set up two 
different teaching scenarios: one characterized by the use of traditional 
methods, and the other one by the use of active methods like PBL. After 
this, case studies are conducted to determine, in a systematic and re-
liable way, the impact of each scenario on motivation. The present 
contribution aims, in this manner, to provide a deeper understanding of 
the dynamics of motivation in the experience of engineering students 
under traditional and active methods. 

This work is organized as follows. Section 2 describes the two 
subjects where different educational methods are applied. Section 3 
describes the case study performed. Section 4 provides the main results, 
which are discussed in Section 5. Finally, the main conclusions are 
summarized in Section 6. 

2. Content 

This section describes the academic context in which this research 
was performed. The Master of Aerospace Engineering degree at the 
Universidad Politécnica de Madrid (UPM) has a duration of two years. 
The program of the first year is common for all students. The second 
year is tailored to their selected área of specialization, one of which is 
space vehicles. 

Our study analyzes the motivation of students in subjects related to 
the space vehicles specialization of this Master's degree. We choose two 
subjects with different environments and educational techniques and 
compare the student's motivation in each of them. In what follows, we 
describe the topics, activities performed, and evaluation methods used 
in each one. 

2.1. Spacecraft design and cerüfication (Spanish acronym: DCCVE) 

This is a subject in the second semester of the first year of the 
Master's degree. The course gives a brief introduction to space missions, 
the space environment, orbits for space missions and the geometry of 
Earth observation missions. The development of a space project is ex-
plained, from concept and design to operation and disposal. The main 
characteristics of space vehicles and of their subsystems are studied, 
including: electrical power, thermal control, attitude and orbit control, 
Communications, data, structure and mechanisms and propulsión. The 
students learn how to scale each of these subsystems, and are in-
troduced to methods of verification and validation. Finally, an in
troduction to product assurance in space systems is given, explaining 
the main qualification and acceptance tests for a space project. 

Since the subjects in the first year are common to all Master's degree 
students, the number of students per class is large (approximately 150). 
Due to this high number of students, there are few practical sessions in 
the laboratory and most of the classes are teaching centered, with 
theoretical explanations and problem resolution in the classroom. In the 
laboratory practical sessions, the students work in teams to complete 
exercises concerning the effect of orbital perturbations on the analysis 
of a space mission. This work provides up to 15% of the final mark, with 
the classroom work worth as much as 5% and the remaining 80% de-
termined by two exams. 

2.2. Systems Engineering and preliminary design of space vehicles (Spanish 
acronynv ISyDPVE) 

This is a subject in the first semester of the second year of the Master 
degree. The subject gives an introduction to Systems Engineering and 
Space Project Management, and students have to perform the pre
liminary design of a Space Mission from given Mission requirements. To 

carry out this design, they must apply the knowledge of Systems 
Engineering, Project Management, and Space Vehicles learned pre-
viously. An introduction to the Integration and Validation of Space 
Systems is also given and implemented using a laboratory space vehicle. 

Because the subject is offered only for students of the space vehicles 
specialization, there are fewer students (approximately 20) than in 
CDDVE. The classes are very practical and centered on active learning. 
The students work under PBL methodology. All activities are aimed at 
bringing the students closer to current technologies and to the real 
manner of working in the aerospace industry. These activities are in line 
with the CDIO (Conceive - Design - Implement - Opérate) initiative, led 
by a team at the Massachusetts Institute of Technology (MIT) [25,26] 
[web reference 2] and implemented by over 20 Universities worldwide 
[27]. 

The practical activities of this subject are as follows. Students work 
in groups to develop the conceptual design of a space mission, starting 
from the mission statement. This means that the students have to per
form: (i) a mission analysis, (ii) a preliminary design of the subsystems, 
and (iii) the selection of the launcher. 

Each group member adopts a specific role, and the group must work 
and communicate as an engineering team to define the mission re
quirements, derive the system and subsystem requirements, design the 
different subsystems in accordance with those requirements and ensure 
the consistency and feasibility of the overall design. 

Students are organized into groups of 6-7 members. Each student 
takes one of the following roles within the group: Project manager, 
Mission analysis engineer, Mechanical engineer, Electrical engineer, 
Propulsión engineer, Orbit and attitude control engineer and Payloads 
engineer. Each student is responsible for the design of the subsystem 
corresponding to their role. The project requires all students to study 
the individual subsystem and determine how to intégrate it into the full 
system. It is necessary for them to negotiate with the other team 
members because decisions made within each subsystem affect the re
quirements and the design of other subsystems, thus affecting the de
sign and final performance of the complete system in múltiple ways. 
Conveying a good understanding of the relationships among the dif
ferent subsystems is a hard task to accomplish in theoretical classes, but 
they can be very well understood by the students in this practical way. 

In parallel with this, the students are required to complete practical 
laboratory exercises, where they must intégrate the subsystems of a 
microsatellite using demonstration satellites and valídate the integrated 
satellite by sending telecommands and receiving telemetry, as would be 
done in real on-orbit operations. The educational satellites (named 
ESATs) have been developed in the E-USOC and are compatible with 
the CubeSat standard (see Fig. 1). Information about the ESATs can be 
found in [web reference 4]. Fig. 2 shows a practical session in the la
boratory with students working on the ESATs. 

The subsystems which the students need to intégrate and valídate 
are: power, data handling and Communications, and attitude determi-
nation and control. The activities performed by the students include the 
verification of: 

- Solar panels 
- Peak power tracker performance under different illumination con

ditions 
- Direct energy transfer functionality 
- Power converter performance 
- Battery charging process 
- Telemetry (comparing to direct measurements) and telecommands 
- Attitude determination, control sensors and actuators 
- Attitude control algorithms 

A detailed explanation of the activities performed during the course 
can be found in Ref. [28]; although the ñame of the subject in that 
reference is different, the techniques used are very similar. These ac
tivities have been performed in collaboration with the Spanish User 



Fig. 1. ESAT educational satellite. 

Support and Operations Center (E-USOC [web reference 3]), the 
Spanish center assigned by the European Space Agency (ESA) to sup
port the operations of scientific experiments on board the International 
Space Station. 

Evaluation in this subject is done through the following tools: 

- Two oral presentations during the semester where each group pre-
sents its Mission Analysis and Subsystems Design. Each presentation 
is evaluated, and if significant errors are detected they must be 
corrected before the final presentation. This constitutes 6% of the 
final mark. 

- An oral examination at the end of the course, which corresponds to 
20% of the final mark. 

- Several deliverables are submitted during the timeframe of the 
project: the mission requirements document, the mission analysis 

report, and the management plan. This corresponds to 24% of the 
final mark. 

- A final report of the project, which corresponds to 20% of the final 
mark. 

- A report of the practical laboratory exercises, which corresponds to 
30% of the final mark. 

3. Research method: a case study 

This section presents the case study performed to examine the im-
pact on motivation in aerospace engineering students of the active 
learning methods like PBL compared with traditional methods. The case 
study is described through its hypothesis, objectives, research ques-
tions, sample description, instruments and methods. 

3.1. Hypothesis and objectives 

The case study presented in this contribution is guided by the fol
lowing hypothesis: "The motivation of aerospace engineering students can 
be enhanced using active learning methods like PBL". 

In line with this, the main objectives of this case study are: 

• To train aerospace engineering students using traditional (teaching-
centered) and active (learning-centered) methods. 

• To reliably measure the motivation of aerospace engineering stu
dents trained with traditional and active methods. 

• To systematically study the differences, at a motivational level, 
between traditional and active methods. 

• To identify the benefits in motivation that can be achieved by ap-
plying the methods of active learning. 

3.2. Research questions 

This case study is designed to provide answers to the following 
Research Questions (RQs): 

• RQ1: What are the factors most impacting motivation for aerospace 
engineering students? 

• RQ2: What impact do active methods such as PBL have for the 
motivation of aerospace engineering students 

3.3. Sample description 

The population under study consists of students in the Master of 

Fig. 2. Students working on the ESATs. 



Aerospace Engineering degree at the UPM. In order to describe this 
population as a whole, we note that the UPM is one of the largest 
universities in Spain, with more than 36,000 undergraduate students 
and 23 schools, which offers a total of 39 undergraduate degrees. It is a 
nationally renowned technical University in Spain and its graduates are 
very highly regarded by engineering companies. On its own, the 
Aerospace Engineering School of the UPM has more than 4000 students. 

For the purposes of this research, the sample can be classified into 
the following two groups: 

experiences, etc.) and the efforts required (economic costs, dedication 
of time, intellectual involvement, etc.). M3 explores the work attitude 
of the students (comfortable and active predispositions) and M4 con-
cerns their expectations (trust in their own capabilities and the desire 
and utility of the learning). M5 relates to the active performance of the 
students using different parameters in the definition of goals (difficulty, 
specificity and participation degree). Lastly, M6 explores several in-
trinsic (sense of achievement, personal and intellectual growth, etc.) 
and extrinsic (professors, academic conditions, etc.) elements. 

• 24 individuáis in the subject DCCVE (academic year 2016/17). 
• 17 individuáis in the subject ISyDPVE (academic year 2017/18). 

3.4. Instruments 

The instrument used in this research to evalúate the engineering 
students' motivation is the Motivational Diagnosis Instrument for 
Engineering Education (MDI-EE). The MDI-EE has been successfully 
utilized in research about motivation in engineering education [23]. 
Descriptive and comparative studies have been done at the UPM using 
the MDI-EE with students of Computing, Topography and Aeronautics 
[23]. Also, the MDI-EE has been used to conduct similar studies at U-
Tad with Software Engineering students [24]. In light of these efforts, 
the MDI-EE was determined to be reliable and useful for measuring the 
motivation of the students in the current study. 

A brief presentation of this instrument is now given. It is tailored to 
engineering education and based on 6 Consolidated motivation models 
from well-known authors [29-36]. It reveáis information about 25 
motivational indicators (see Table 1). It contains 45 quantitative ítems 
(see Table 2), that are rated on a Likert scale from 1 to 4. The indicators 
and ítems are based on the motivation models (M) mentioned pre-
viously and explore the motivation of engineering students from several 
points of view. 

MI relates to motivational needs (achievement, power and affilia-
tion). M2 considers the rewards received (marks, knowledge, 

Table 1 
Motivational indicators of the MDI-EE. 

Theory Indicators 

Id Ñame 

MI.Needs (McClelland) M l . l Achievement need 

M1.2 Power need 

M1.3 Affiliation need 

M2.Equity (Adams) M2.1 Effort/Reward 

M2.2 Equity 
M3.X-Y & Z (McGregor/Ouchi) M3.1 Comfort 

M3.2 Proactivity 

M3.3 Integrative climate 

M4.Expectatives (Vroom) M4.1 Desire 

M4.2 Trust 

M4.3 Utility 

M5.Goals definition (Locke) M5.1 Difficulty 

M5.2 Specificity 

M5.3 Participation 

Mó.Dual factor (Herzberg) M6.1a Academic politics 

M6.1b Teacher supervisión style 

M6.1c Academic conditions 

M6.1d Relation with teachers 

M6.1e Relation with classmates 

M6.2a Accomplishment feeling 

M6.2b Internal Recognition 

M6.2c The study itself 

M6.2d Responsibility 

M6.2e Progress feeling 

M6.2f Personal & intellectual growth 

General MGenl General motivation degree 

a The motivational indicators are based on "classical" theories adapted to the 
Engineering Education. 

3.5. Methods 

The MDI-EE has been used with students following two different 
pedagogical methods: traditional and active. This allows for a com
parative study examining motivation with both methods. The data was 
collected using surveys, both physical and online. The results were 
discussed with motivational skills trainers and with engineering tea
chers. 

4. Results 

This section presents the empirical results obtained in the case 
study. They provide the basis for discussing motivation in aerospace 
engineering education and for answering the RQs posed in the study. 

4.1. Validity, consistency and reliábility 

The previously performed studies using the MDI-EE demonstrated 
its acceptable validity, consistency and reliábility [23]. The results 
obtained from the MDI-EE in this case study confirm this assessment. 
The applied statistical techniques (factorial analysis and a Cronbach) 
reveal positive results. 

• The factorial analysis (a technique used to find the most important 
factors and to study the variance distribution) reveáis that 79.75% 
of the variance is due to 12 factors. 

• The resulting a Cronbach (a coefficient to determine the consistency 
and reliábility of the test) is 0.882. 

Following established guidelines related to the use of these techni
ques [37,38], these results are judged to be positive, both due to the 
high percentage of variance in the factorial analysis and for an a 
Cronbach coefficient between 0.8 and 0.9 (good level). This is a good 
check of the validity, consistency and reliábility of the results. 

4.2. MDI-EE quantitative results 

As can be seen in Table 2, several similarities and differences are 
found between both groups: DCCVE (Teaching centered) and ISyDPVE 
(Active learning). Two analyses have been performed. The T-Student 
technique [39] has been used to find statistically significant differences. 
Fifteen differences with p-value < 0.01 and two differences with p-
value < 0.05 have been found, as shown in Table 2. Furthermore, a 
correlation analysis was completed to relate the indicators used to 
measure several motivational dimensions (MX.Y) and the general mo
tivation indicator (MGenl). AU the indicators are related, to varying 
extent, with the general motivation indicator. 

4.3. MDI-EE qualitative results 

In the questionnaire, a free space was included where students could 
make comments and describe what they think contributes to increasing 
or decreasing their motivation. Comments from the two student groups, 
organized and related to the motivational indicators, are summarized in 
Tables 3 and 4 (for Teaching centered group) and Tables 5 and 6 (for 
Active learning group) below: 



T a b l e 2 

C o m p a r a t i v e MDI-EE resu l t s b e t w e e n DCCVE s t u d e n t s a n d ISyDPVE s t u d e n t s (scale f rom 1 to 4 ) . 

Indicator Área (MX.Model)\ Itema ' Teaching Centered Active Learning 

OPPORTUNITIES (Ml.NEEDS) 

M l . l I appreciate the opportunity to develop and surpass diffícult tasks 

I appreciate the opportunity to pursue excellence in the tasks that I perform 

MI.2 I appreciate the opportunity to influence positively on my peers 

I appreciate the opportunity to obtain recognition of my teachers (**) 

MI.3 I appreciate the opportunity to have friendly relationships with colleagues (**) 

I appreciate the opportunity to work collaborativally with my classmates (**) 

EFFORTS & REWARDS (M2. EQUITY) 

M2.1 I think that my effort (hours of dedication, energy, etc.) is offset by the reward receipt (credit, qualification, knowledge, 

etc.) (**) 

I think the effort is greater than the reward received (**) 

I think the effort is less than the reward received 

I think teachers assess me with a rating according to my effort and capabilities (**) 

M2.2 I am confident that evaluation of teachers are fair and equitable to all students 

STUDY PREDISPOSITION (M3.X-Y) 

M3.1 I consider myself a student who tries to avoid the hard work and academic responsibilities as far as possible 

I consider myself academically a bit ambitious student, I try to meet the minimum established and not push myself too 

M3.2 I consider myself an active learner who seeks and accepts academic responsibilities as far as possible 

I consider myself a person with a high desire to develop myself academically, I try to surpass me as much as I can (**) 

M3.3 I believe teachers and University care about my personal and academic well-being. (**) 

I think that the concern of the teachers and University for my welfare favor my predisposition to academic activities (**) 

DESIRES (M4. EXPECTATIVES) 

M4.1 I have a high desire to pursue my studies, I usually like going to class, doing practical works, studying, etc. 

I have a strong desire to finish my studies, I like the idea of getting this Master degree 

M4.2 I think I have enough skills to overeóme my studies 

I believe that with reasonable effort I will achieve to complete my studies successfully 

M4.3 I expect that the effort I am making in the University will be useful to develop my future career (**) 

I believe that the effort that I am making in the University is worth it (**) 

PERFORMANCE (M5.GOALS) 

M5.1 I think that I perform better when the activities have a difficulty level that I estimated initially high (*) 

I believe that high academic, but achievable, challenges lead me to perform better (*) 

M5.2 I think that I perform better when the activities are clearly defined 

I think that I perform better when the activities are explained both verbally and in writing 

M5.3 I think that I perform better when I can particípate in the definition of the activities that I carry out 

I consider that my level of commitment towards the activities increases when I can particípate in their definition 

EXTRINSIC ELEMENTS (M6.1.DUAL-1) 

Mó.la 

Mó. lc 

Mó.le 

The physical resources available for this subject are appropriate: facilities, classrooms, laboratories, etc. (**) 

Academic relationships with colleagues are good 

Personal relationships with colleagues are good 

Mó. lb The teachers masters the subjeets they teach and know how to teach me 

Mó. ld The teachers know well how to motívate me, their styles and attitudes stimulate my motivation ** 

Teachers supervise my work properly, I think they are good tutors (**) 

INTRINSIC ELEMENTS (M6.2.DUAL-2) 

M6.2a I appreciate the sense of accomplishment that I get when I learn something new or acquire a new skill 

M6.2b I appreciate the sense of accomplishment that I get when I make a work or practice successfully 

I appreciate the sense of accomplishment that I get when passing a course with a good grade 

M6.2c I enjoy the knowledge that I learn at the University, I can say I like this Master (**) 

M6.2e I enjoy the advancement feeling I get pursuing my studies, I can say I like to surpass myself 

M6.2f I believe that studying is an opportunity to grow with challenging activities 

M6.2d I consider myself primarily responsible for my learning process 

I consider myself primarily responsible for my academic results 

M6.2f I believe that through college I am developing myself personally and academically 

GENERAL MOTIVATION (N/A) 

MGen.l In general, I consider myself a person with a high degree of motivation 

3.25 3.44 

3.16 3.50 

3.50 3.55 

2.62 3.47 

3.41 3.94 

3.25 3.77 

3.43 2.66 

1.52 1.61 

1.95 3.16 

3.08 3.55 

1.37 1.50 

1.58 1.55 

3.29 3.33 

3.16 3.61 

1.75 2.83 

1.91 3.17 

2.95 3.05 

3.79 3.66 

3.70 3.77 

3.66 3.77 
2.75 3.50 

2.62 3.50 

2.58 3.11 

3.00 3.55 

3.45 3.66 

3.41 3.50 

2.87 2,72 

2.87 2,94 

3.52 3.72 

3.65 3.72 

2.73 3.11 

1.78 2.66 

1.95 3.16 

3.62 3.72 

3.58 3.66 

3.45 3.66 

1.91 2.83 

3.25 3.44 

3.08 3.44 

3.20 3.38 

2.87 3.22 

3.29 3.33 

Sta t i s t ica l d i f ferences w i t h p - v a l u é 

Sta t i s t ica l d i f ferences w i t h p - v a l u é 

0.01 a r e i n d i c a t e d t h r o u g h ' 

0 .05 a r e i n d i c a t e d t h r o u g h ' 

T a b l e 7 s h o w s t h e f r e q u e n c i e s o f t h e d i f f e r e n t i n d i c a t o r s i n T a b l e s 

3-6 
Table 8 shows the indicators in Table 7 with the highest frequencies 

and the total percentage of student comments in which each indicator 
appears. 

5. Discussion 

The RQs addressed in this study are discussed below. We consider 
the most important motivating factors for aerospace engineering stu
dents as well as the impact on motivation that traditional and active 
methods have. 

5.1. RQ1: what are the factors most impacting motivation for aerospace 
engineering students? 

The results obtained in this study explore, in an empirical way, the 
factors that have a measurable impact on student motivation. Two 
kinds of data form the basis of this discussion. On the one hand, the 
quantitative results reveal the perception of the students about several 
motivational indicators (see Table 2) while the correlation analysis 
establishes the importance of these indicators in the students' motiva
tion. On the other hand, the qualitative results from the open comments 
of the students reveal motivating and demotivating aspeets of their 
learning experience (see Tables 3-6). These comments have been 
quantified through a frequeney analysis (Tables 7 and 8). 



T a b l e 3 

C o m m e n t s f rom DCCVE s t u d e n t s g r o u p a b o u t m o t i v a t i o n i nc rea se . 

T a b l e 3 (coníinued) 

Motivation increases when: Related indicators 
Motivation increases when: Related indicators 

Ñame 
Id Ñame 

"I enjoy what I learn, because I learn from what 

I study, because the teachers have given me 

the opportunity to study it and they have 

shown me the good way to do it." 

"When the situations that I face have been 

proposed by teachers who really have an 

interest in what they are saying." 

"I am treated like an adult and I see that what 

they ask, regardless of the complication, 

helps to train me as a person and as a 

professional." 

"I feel that the tasks and subjects that are 

developed in the subject will have an 

application in my future work. The subjects 

that are given, seem useful to me, in the 

sense that I see application beyond the 

academic" 

"When the results of the tasks I have done are 

reflected or, even despite the results are not 

as favorable as I expected, but I have the 

feeling of have learned and improve the 

knowledge in the future. In addition, my 

motivation increases when I have really 

acquired the knowledge and it is not only 

an information that lasts long enough to 

pass the tests." 

"The tasks that I have to do are in accordance 

with the material that has been given us in 

class, that is, when I can "defend myself." 

When the subjects are well organized and 

correctly distributed and defined. Also 

when I feel that what is explained in class is 

what will be asked in the tests. That is, if I 

do not have the feeling that, any part of 

subject (in spite of being or not 

fundamental or important for the subject) 

can be asked to "catch" the students.". 

"The subjects are focused to industry and 

practice. When the contents of the subject 

are new and have not been explained in 

other subjects before. When there are 

interesting works based on practical cases 

and defined by the student, if it is possible." 

"The efforts made are fairly rewarded." 

"When I see that what I learn in class is really 

useful and I am tested about that." 

"The effort of the study is consistent with the 

results obtained." 

"When the teachers show interest and 

motivation in the classes." 

"When I see reflected both in the marks and in 

the practice that the work has been 

worthwhile and the acquired knowledge 

has helped me to successfully develop any 

task." 

M l . l 

M3.2 

M4.1 

M6.2c 

M6.2e 

M6.2f 

Mó.lc 

M4.3 

M5.1 

Mó.ld 

M6.2d 

M6.2e 

M6.2f 

M l . l 

M4.3 

M6.2e 

M6.2f 

M2.1 

M6.2c 

M6.2e 

M6.2f 

Achievement need 

Proactivity 

Desire 

The study itself 

Progress feeling 

Personal & 

Intellectual growth 

Teacher supervisión 

style 

Academic conditions 

Utility 

Difficulty 

Relation with teachers 

Responsibility 

Progress feeling 

Personal & 

intellectual growth 

Achievement need 

Utility 

Progress feeling 

Personal & 

intellectual growth 

Effort/Reward 

The study itself 

Progress feeling 

Personal & 

intellectual growth 

:.i Effort/Reward 

:.i Difficulty 

..le Academic conditions 

:.i Effort/Reward 

:.i Difficulty 

1.2 Specificity 

..Ib Teacher supervisión 

style 

..le Academic conditions 

.1 Achievement need 

1.3 Utility 

1.3 Participation 

..Ib Teacher supervisión 

style 

..le Academic conditions 

:.i Effort/Reward 

:.2 Equity 

..le Academic conditions 

:.i Effort/Reward 

1.3 Utility 

..le Academic conditions 

:.i Effort/Reward 

..le Academic conditions 

..Ib Teacher supervisión 

style 

..Id Relation with teachers 

.1 Achievement need 

:.i Effort/Reward 

1.3 Utility 

..le Academic conditions 

..2a Accomplishment 

feeling 

..2e Progress feeling 

..2f Personal & 

intellectual growth 

"Teachers are interested in teaching. The 

content is adapted to the available hours, 

being able to take advantage of teaching 

hours and learning." 

"When classes are dynamics, not just passing 

slides and speaking monotonously. When 

the test includes things that have been 

explained in class." 

"There is a defined reward." 

"When what I study is related to the fields that I 

am more interested." 

"I understand the subjects better." 

M5.1 

M6.1b 

M6.1c 

M2.1 

M5.1 

M6.1c 

M2.1 

M5.2 

M4.1 

M6.2c 

M6.2b 

M6.2c 

M6.2e 

Difficulty 

Teacher supervisión 

style 

Academic conditions 

Effort/Reward 

Difficulty 

Academic conditions 

Effort/Reward 

Specificity 

Desire 

The study itself 

Internal recognition 

The study itself 

Progress feeling 

First, according to the quantitative information and the correlation 
analysis made among the motivational indicators, we see that several 
issues impact student motivation, both positively and negatively. 
Among the aspeets that have a positive impact, the following are 
identified: intrinsic motivators such as sense of accomplishment, en-
joyment of studies, self-confidence and responsibility, the opportunities 
provided by the teachers to surpass difficult tasks and to establish re-
lationships with other classmates and the realization of well-defined 
activities in whose definition students can particípate. Aspeets that may 
have a negative impact on student motivation include: the trade-off 
between effort and rewards, available resources and the ability of the 
teacher to perform the tutorial labor and to properly motívate students. 

Second, according to the qualitative information and the subsequent 
frequeney analysis, several significant factors affecting student moti
vation have been found. Some of them have an extrinsic character: 
academic conditions, trade-off between the effort required and the re
wards obtained, the difficulty level of the subjects and the teacher su
pervisión style. Consequently, it is very important to properly handle 
these extrinsic elements in order to enhance student motivation and 
avoid demotivation. At the same time, intrinsic elements also play a 
significant role in student motivation. The need for achievement, a 
feeling of progress, personal and intellectual growth, the study itself or 
the practical utility of the acquired knowledge are decisive factors in 
boosting the motivation of the students. 

In summary, the most significant factors in the motivation of 
aerospace engineering students are the following: 

• Intrinsic motivators such as sense of accomplishment, a feeling of 
progress, personal and intellectual growth, enjoyment of studies, 
self-confidence and responsibility. 

• The practical utility of the acquired knowledge and the opportu
nities provided by the teachers to surpass difficult tasks, to perform 
well-defined activities in whose definition students can particípate 
and to establish relationships with other classmates. 

• Academic conditions related with the available resources, the trade-
off between efforts and rewards, the evaluation methods and the 
teacher's ability to perform the tutorial labor and to motívate stu
dents. 

Taking the above factors into account is important in order to 
maximize the motivation of aerospace engineering students. As shown 
below, these aspeets can be well treated using appropriate active 
methods like PBL. 



Table 4 
Comments from DCCVE students group about motivation decrease. 

Motivation decreases when 

"The subject I am interested is not well explained, When I do not understand what I have to study or I do not have enough time to study 
a subject that I know I would enjoy studying it" 

"When it seems that there is no connection between the teacher and I.' 

"At this point there are still subjects in which the nonsense memorization is evaluated instead of the ability to reason, analyze or, 
criticize." 

"When you have to face the tasks only and exclusively to pass the subject, without taking into account the level of learning we can 
acquire from them. When I can not see teachers are involved in which we learn, and they just teach us because this is in the subject 
program. When the daily work we do does not correspond to what teachers demand.", 

"I am asked to do tasks of a level exaggeratedly greater than it is explained in class The workload is excessive and teachers do not 
consider that there are more subjects and time is limited. The marks obtained do not correspond to the effort made and the 
knowledge acquired." 

"When I feel that what you need to know to pass the subject is not the most important topic, but that questions of parts of the subject 
that only need a memory effort, without any retention, of those topics for the future, are added. Honestly, I consider it, a waste of 
time." 

"When the subject is approached from a very theoretical point of view.' 

"When the evaluation style is unfair, not reflecting the degree of effort." 

"When what is explained in class (theory and problems) is not enough compared to what is required in the tests. The lack of information 
in general." 

"Despite the effort and dedication, I do not get the desired results." 

"When teachers are not involved, or the rest of the classmates in case of group work." 

"When the effort is not rewarded with the marks. When teachers do not show interest in the subjects. When the tests are so cióse that 
there is no time in between, because even if you have worked during the semester it is important to go over and rest." 

"When I do not understand what is explained in class. When I have to learn things by memorizing 

"The teacher is not involved with the subject." 

Related indicators 

Id Ñame 

M l . l Achievement need 

M4.1 Desire 

M5.1 Difficulty 

M5.2 Specificity 

M6.1b Teacher supervisión style 

M6.1c Academic conditions 

M6.2c The study itself 

MI .3 Affiliation need 

M3.3 Integrative climate 

M6.1b Teacher supervisión style 

M6.1d Relation with teachers 

M2.1 Effort/Reward 

M4.3 Utility 

M6.1b Teacher supervisión style 

M6.1c Academic conditions 

M6.2e Progress feeling 

M2.1 Effort/Reward 

M4.3 Utility 

M6.1b Teacher supervisión style 

M6.2e Progress feeling 

M6.2f Personal & intellectual growth 

M2.1 Effort/Reward 

M5.1 Difficulty 

M6.1c Academic conditions 

M l . l Achievement need 

M2.1 Effort/Reward 

M4.3 Utility 

M6.1c Academic conditions 

M6.2c The study itself 

M6.2e Progress feeling 

M6.2f Personal & intellectual growth 

M4.3 Utility 

M6.1b Teacher supervisión style 

M6.1c Academic conditions 

M2.1 Effort/Reward 

M5.1 Difficulty 

M6.1c Academic conditions 

M2.1 Effort/Reward 

M5.1 Difficulty 

M5.2 Specificity 

M6.1c Academic conditions 

M2.1 Effort/Reward 

M4.2 Trust 

M5.1 Difficulty 

M6.1c Academic conditions 

MI .3 Affiliation need 

M3.3 Integrative climate 

M6.1d Relation with teachers 

M6.1e Relation with classmates 

M2.1 Effort/Reward 

M5.1 Difficulty 

M6.1b Teacher supervisión style 

M6.1c Academic conditions 

M4.2 Trust 

M5.1 Difficulty 

M6.1b Teacher supervisión style 

M6.1c Academic conditions 

M6.1b Teacher supervisión style 

M6.1c Academic conditions 

5.2. RQ2: what impact do active methods such as PBL have for the 

motivation of aerospace engineering students? 

The empirical results obtained in this study confirm that active 

learning methods like PBL have a very positive impact on the motiva

tion of aerospace engineering students. The comparative analysis of the 

results obtained by applying MDI-EE to two student groups, one trained 

with PBL and the other one trained with traditional methods, reveáis 

differences in many áreas of motivation. In fact, a considerable number 

of statistically significant differences have been found (15 with p-

value < 0.01 and 2 with p-value < 0.05) in the analysis (see Table 2). 

Considering the results, it can be concluded that PBL has an impact 

on the following motivational aspects for aerospace engineering stu

dents: 

• Development of the achievement motivation. It seems that PBL 

enhances of this kind of motivation. It may be that because the 

students are continuously facing practical challenges, which gives 

them tangible results, this feeds back to reinforce their motivation. 

In this research, the students who worked using PBL appreciated, 



Table 5 
Comments from ISyDPVE students group about motivation increase. 

Motivation increases when 

"The work environment and in class is good, 
when teaching and work that teachers give 
me is focused to learn and not to have to 
pass a test. Many times it is more 
motivating to study without the pressure of 
having test mark. However, to have a test 
can be also motivating, but I do not see it as 
fundamental. " 

"I get good marks" 

"I have to face academic challenges that are 
manageable and are well defined." 

"The activities in the subjects are explained 
clearly without supposing previous 
advanced knowledge (of course there are 
subjects that need some previous mínimum 
knowledge" 

"I manage to overeóme diffícult challenges" 

"I reach the objectives" 

"I work on a team and I think that the activity 
contribute to my learning in some way." 

Related indicators 

Id Ñame 

M l . l Achievement need 

M2.1 Effort/Reward 

Mó.lc Academic conditions 

Mó. le Relation with 

classmates 

M6.2c The study itself 

MI .2 Power need 

M2.1 Effort/Reward 

Mó.lc Academic conditions 

M l . l Achievement need 

M5.1 Difficulty 

M5.2 Specificity 

Mó. lc Academic conditions 

M6.2a Accomplishment 

feeling 

M5.2 Specificity 

Mó. lc Academic conditions 

M6.2c The study itself 

M l . l Achievement need 

M5.1 Difficulty 

M6.2b Internal Recognition 

M l . l Achievement need 

M6.2a Accomplishment 

feeling 

M6.2b Internal Recognition 

MI .3 Affiliation need 

M4.3 Utility 

M6.2e Progress feeling 

Mó. le Relation with 

classmates 

M6.2f Personal & intellectual 

growth 

more than students who worked with traditional methods, the op-
portunity to overeóme diffícult tasks and to pursue excellence in the 
performance of those tasks. 

• Development of the affiliation and power motivation. It also 
seems that PBL facilitates these two kinds of motivation. This is 
likely because PBL usually involves teamwork and requires closer 
relationships with classmates. Furthermore, in PBL the influence 
capacity among the learners (students) is very high and feedback 
from the teacher is frequent and direct. In this study, Project Based 
Learners really appreciated working with their classmates and the 
opportunity to establish friendly relationships with them in personal 
and academic contexts, in addition to recognition from the teacher. 

• Fostering of an active disposition towards the learning process. 
For success, traditional methods require an active attitude of the 
student, who should listen to the teacher's explanations, take notes, 
ask and answer questions, solve problems and so on. Unfortunately, 
some students do not take these actions and adopt a passive attitude 
instead. The practical work demanded by PBL forces students to 
maintain an active attitude in the classroom in order to overeóme 
the continuous challenges that arise during the lessons. In this study, 
Project Based Learners showed a high desire to develop academi-
cally by trying to surpass these challenges as much as they could. 

• Improvement of the disposition toward hard challenges. PBL is 
focused on the realization of a project and thus provides many 
practical challenges. These might seem quite diffícult in the begin-
ning but, when the students work hard to overeóme these chal
lenges, they find that it helps them to perform better. In this study, 
the Project Based Learners perceive that their performance increases 
when the difficulty of the activities is high. 

Table 6 
Comments from ISyDPVE students group about motivation decrease. 

Motivation decreases when 

"When classes and tasks do not provide me 
anything new and they are repetitive. If the 
whole subject is based on something that you 
are supposed to know, without trying to 
motívate the students, and also if the tasks are 
a waste of time and you do feel that you are 
taking no advantage of it." 

"I get bad marks and there is a lot of work/exams/ 
things to do." 

"I have 30,000 training days and deliveries every 
week. The lack of information to be able to 
tackle the projeets " 

"Teachers ask too much without taking into 
account that we have many subjects." 

"Effort is not reflected in the result." 

"The activity does not provide me anything 

Related indicators 

Id Ñame 

M l . l Achievement need 

M4.3 Utility 

M6.1b Teacher 

supervisión style 

M6.1c Academic 

conditions 

M6.2c The study itself 

M6.2e Progress feeling 

M6.2f Personal & 

intellectual growth 

M l . l Achievement need 

M2.1 Effort/Reward 

M4.2 Trust 

M5.1 Difficulty 

M4.2 Trust 

M5.1 Difficulty 

M5.2 Specificity 

M6.1c Academic 

conditions 

M4.2 Trust 

M5.1 Difficulty 

M6.1c Academic 

conditions 

M2.1 Effort/Reward 

M5.1 Difficulty 

M2.1 Effort/Reward 

M4.3 Utility 

M6.2e Progress feeling 

M6.2f Personal & 

intellectual growth 

• Increase in the level of expectations. As observed before, there 
are a number of similarities between PBL and the professional 
practices of an engineer. In both cases, the student/worker should 
understand the client's requirements, collaborate with classmates/ 
coworkers, créate technologies or methods, present them to the 
stakeholders and so on. Therefore, it makes sense that the profes
sional expectations of Project Based Learners, who are closer to the 
style of the professional practice, are higher than those of Non-
Project Based Learners. In this study, the students in PBL had more 
hope in the usefulness of their studies and believed that the effort 
made in the University would be useful for developing their career. 
In short, they believed more strongly that their efforts were worth it. 

• Development of the intrinsic motivation. Intrinsic motivators like 
a feeling of progress or intellectual growth depend mainly on the 
student. However, the academic context can impact the develop
ment of this kind of motivation. The active component of PBL and its 
closeness to professional practice can enhance the intrinsic moti
vation of the student. In this study, Project Based Learners devel-
oped all indicators of intrinsic motivation a bit more than students 
who worked with traditional methods. They placed more valué on 
the opportunity to grow through challenging activities and they felt 
more responsible for their learning process and their academic re-
sults. Also, they showed a higher appreciation of the sense of ac
complishment when learning things, submitting work and facing 
exams. In short, Project Based Learners enjoyed their studies and 
they felt more motivated throughout the course. 

• Improvement of the effort-reward relation perception. Students 
often tend to think that their effort is not fairly rewarded and this 
can be very demotivating for them. Active methods can mitígate this 
problem. Since the feedback received by the students is more con
tinuous and direct, and the feedback sources are more diversified, 
the students' perception about their evaluation is probably more 
complete. Also, with PBL the teacher can better assess the students' 



Table 7 
Indicators frequency. 

Related indicatorsa' Teaching centered frequency (increases/ 
—decreases/total) 

Active learning frequency (increases/ 
decreases/total) 

Total frequency (increases/decreases/ 
total) 

Id Ñame 

Ml.l Achievement need 3/2/5 
MI.2 Power need (**) 0/0/0 
MI.3 Affiliation need (**) 0/2/2 
M2.1 Effort/Reward (**) 9/8/17 
M2.2 Equity 1/0/1 
M3.1 Comfort 0/0/0 
M3.2 Proactivity (**) 1/0/0 
M3.3 Integrative climate (**) 0/2/2 
M4.1 Desire 2/1/3 
M4.2 Trust 0/2/2 
M4.3 Utility (**) 5/4/9 
M5.1 Difficulty (*) 6/6/12 
M5.2 Specificity 2/2/4 
M5.3 Participation 1/0/0 
M6.1a Academic politics (**) 0/0/0 
M6.1b Teacher supervisión style (**) 5/8/13 
M6.1c Academic conditions (**) 11/11/22 
M6.1d Relation with teachers (**) 2/2/4 
M6.1e Relation with classmates 0/1/1 
M6.2a Accomplishment feeling 1/0/1 
M6.2b Internal Recognition 1/0/1 
M6.2c The study itself (**) 4/2/6 
M6.2d Responsibility 1/0/1 
M6.2e Progress feeling 5/3/8 
M6.2f Personal and intellectual growth 5/2/7 

4/2/6 

1/0/1 

1/0/1 

2/3/5 

0/0/0 

0/0/0 

0/0/0 

0/0/0 

0/0/0 

0/3/3 

1/2/3 

2/4/6 

2/1/3 

0/0/0 

0/0/0 

0/1/1 

4/3/7 

0/0/0 

2/0/2 

2/0/2 

2/0/2 

2/1/3 

0/0/0 

1/2/3 

1/2/3 

7/4/11 

1/0/1 

1/2/3 

11/11/22 

1/0/1 

0/0/0 

1/0/0 

0/2/2 

2/1/3 

0/5/5 

6/6/12 

8/10/18 

4/3/7 

1/0/0 

0/0/0 

5/9/14 

15/14/29 

2/2/4 

2/1/3 

3/0/3 

3/0/3 

6/3/9 

1/0/1 

6/5/11 

6/4/10 

1 Statistical differences with p-value < 0.01 in Table 2 are indicated through ' 
' Statistical differences with p-value < 0.05 in Table 2 are indicated through ' 

daily work and the development of their competence. In this study, 
Project Bases Learners considered that teachers assessed them with a 
rating according to their effort and capabilities and they thought 
that the evaluation processes were fair and equitable. Non-Project 
Based Learners had a much worse perception of this issue. 
Perception of a more integrative climate. The activities carried 
out with PBL imply teamwork, meetings with teachers and, many 
times, with other personnel in the university (e.g., related institu-
tions like E-USOC, office of external relations with companies, etc.). 
This helps to strengthen links between students, teachers and the 
university in general, contributing to the creation of a more in
tegrative climate. The Project Based Learners who participated in 
this study felt that teachers and the University cared about their 
personal and academic well-being and this favored their predis-
position to academic activities. 

Improvement of the student's perception about the resources. 
While traditional teaching methods do not require extensive 

resources, the use of PBL requires more of them, especially in the 
Aerospace Engineering field where a large number of costly instru
menta are usually needed. Thus, an improvement of the students' 
perception about the resources used for their education is to be 
expected. In this study, Project Based Learners considered that the 
physical resources available for the subject (facilities, classrooms, 
laboratories, etc.) were very appropriate. Meanwhile, Non-Project 
Based Learners had a much worse perception of this issue. 
Improvement of the student's perception about the teachers. 
The previously described aspects of the PBL and its benefits con
tribute to improving the perception of the students about their 
teachers. In PBL the teacher is more than a knowledge provider and 
a rater, he/she is also a manager, a coach and a facilitator. This 
multi-faceted role of the teacher is usually quite appreciated by the 
students. In this study, the Project Based Learners gave more valué 
to the teacher's work than Non-Project Based Learners did. For ex-
ample, they perceived that teachers had mastered their subject and 

Table 8 
Indicators with higher frequencies. 

Related indicatorsa '1 ' Teaching centered frequency (increases/ Active learning frequency (increases/ Total frequency (increases/ Total Percentage 

decreases/total) decreases/total) decreases/total) decreases/total) 

Id Ñame 

M6.1c Academic conditions (**) 1 1 / 1 1 / 2 2 4 / 3 / 7 1 5 / 1 4 / 2 9 16.9% 

M2.1 Effort/Reward (**) 9 / 8 / 1 7 2 / 3 / 5 1 1 / 1 1 / 2 2 12.8% 

M5.1 Difficulty (*) 6 / 6 / 1 2 2 / 4 / 6 8 /10 /18 10.5% 

M6.1b Teacher supervisión style (** ') 5 / 8 / 1 3 0 / 1 / 1 5 / 9 / 1 4 8 .1% 

M4.3 Utility (**) 5 / 4 / 9 1 /2/3 6 / 6 / 1 2 7% 

M l . l Achievement need 3 / 2 / 5 4 / 2 / 6 7 / 4 / 1 1 6.4% 

M6.2e Progress feeling 5 / 3 / 8 1 /2/3 6 / 5 / 1 1 6.4% 

M6.2f Personal and intellectual 

growth 

5 / 2 / 7 1 /2/3 6 / 4 / 1 0 5.8% 

M6.2c The study itself (**) 4 / 2 / 6 2 / 1 / 3 6 / 3 / 9 5.2% 

M5.2 Specificity 2 / 2 / 4 2 / 1 / 3 4 / 3 / 7 4 . 1 % 

Other indicators 16.8% 

Statistical differences with p-value < 0.01 in Table 2 are indicated through ' 
Statistical differences with p-value < 0.05 in Table 2 are indicated through ' 



knew how to teach it, that they supervised the students' work more 
adequately and that they stimulated and motivated students in a 
better way. Despite this, students think that teachers still have a lot 
to improve on with regard to strengthening their motivation. 

6. Conclusions 

The results obtained and their analysis allowed the objectives to be 
reached and the proposed RQs to be answered empirically. The case 
study allowed us to explore the aspects that most impact the motivation 
of aerospace engineering students and to confirm the usefulness of ac
tive methods like PBL. 

The factors most impacting student motivation are related with 
intrinsic motivators (sense of accomplishment, feeling of progress, 
personal and intellectual growth, enjoyment of studies, self-confidence 
and responsibility), the practical utility of the acquired knowledge and 
the opportunities provided by the teachers to overeóme difficult tasks, 
to perform well-defined activities in whose definition students can 
particípate and to establish relationships with the classmates. In addi-
tion, academic conditions related with the available resources, the 
trade-off between efforts and rewards, the evaluation methods and the 
teacher abilities to perform the tutorial labor and to motívate students 
also have a big impact on student motivation. Taking these factors into 
account is very important to improve the motivation of aerospace en
gineering students. 

As discussed along with the case study presented in this contribu-
tion, the use of active methods like PBL influences these motivational 
aspects. In particular, PBL positively impaets the motivation of aero
space engineering students in many ways, including: 

• Development of intrinsic motivators (sense of accomplishment, en
joyment of studies, responsibility, etc.). 

• Development of achievement, power and, especially, affiliation 
motivation. 

• Fostering an active attitude in the student about the learning process 
and his/her disposition toward difficult challenges. 

• Increased level of expectations about the utility of the studies. 
• Improved perception of the effort-reward relation. 
• Improved perception of the resources and the teachers. 
• General perception of a more integrative climate in the classroom. 

In conclusión, the use of active methods like PBL leads to several 
benefits in motivation. The usefulness of PBL with aerospace en
gineering students, in particular, has been confirmed by the empirical 
evidence presented here, which supports the hypothesis raised in this 
research: The motivation of aerospace engineering students can be 
enhanced using active learning methods like PBL. 

7. Limitations and future work 

There are some shortcomings inherent to the approach taken with 
this research. First, all the information collected was self-reported by 
the students, and some of them could have a biased view of themselves. 
Second, the size of the sample is not very large, which suggests an 
appropriate level of caution toward the conclusions. These concerns 
qualify any claim of a causal link between the usage of PBL and an 
improvement in motivation. Nonetheless, the experience presented 
here provides clear support for some expectation of improvement in the 
motivation of aerospace engineering students when active methods like 
PBL are adopted. 

To strengthen and extend the conclusions reached in this study, it 
would be desirable to repeat this experience with more aerospace en
gineering students. It would also be interesting to replícate the ex
perience with students of other Engineering disciplines and to perform 
a comparative analysis among Engineering disciplines. In future stu
dies, it would also be helpful to collect some data from the perspective 

of other actors involved in the learning process (teachers, clients and 
stakeholders). These things could be expected to contribute to further 
understanding and provide additional insights into the effects of 
adopting PBL and its impact on student motivation. 
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