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Introduction 

 

 The widespread use of digital technologies demands more reviews in 

domain-specific areas to provide empirical evidence on its pedagogical use 

and outcomes. Technological complexity has been increasing exponentially in 

the aerospace industry since its inception (Guffarth & Barber, 2017). Different 

areas of aerospace engineering, including avionics, are being influenced by 

augmented and virtual reality (AR/VR), the Internet of Things (IoT), Artificial 

Intelligence, and 3D printing (Infosys, 2017). Several reports indicate the 

increasing trends towards mobile-learning, cloud computing, and the IoT 

among others (Durak, 2018; Vagdevi & Guruprasad, 2016). Accordingly, the 

International Paris Air Show of 2017 highlighted the growing importance of 

digital technologies in aeronautical production (Janichewski, 2017). 

Digitalization is a broad term related to new technologies such as 3D printing, 

augmented reality systems, robotics, Big Data, autonomous systems, cloud 

computing, IoT, among others (Bruno, 2016). Concerning this, mobile 

technology, cloud computing, Big data, social media, and IoT has been 

identified as the Big Five technologies (Hinchcliffe, 2011; Spil, Pris, & Kijl, 

2017). A series of recent studies highlighted that the industry is already using 

digital technologies to support the human workforce of the maintenance 

engineers specializing in aircraft engines (World Economic Forum, 2017). 

This increase in the use of digital technologies, such as the IoT, is forcing the 

evolution in the production processes of the maintenance of the aeronautical 

industry (Altran, 2018). Likewise, a recent study concluded that the capability 

development for digital technologies is one of the key trends driving the 

aerospace engineering services market (Infosys, 2017). 

These indicators translate into an increasing use of technology-based 

tools in classroom teaching, as reported by prospective sectorial studies 

(Salgado, Belderrain, & Devezas, 2018). Consequently, technological changes 

continually create new demands on both engineers and the educational system 

that produces them. The competition for more digital science and engineering 

talent from growth industries is high and, it is expected to grow more from 

new and different sources (Schmidt, n.d.). Although technology is recognized 

as being relevant in engineering studies (Igual, Plaza, Marcuello, & Arcega, 

2018), there is research claiming that the academic curricula require 

significant changes to adjust to the technology that is part of the aerospace 

system, such as a fast adoption (Long, 2015), Furthermore, previous research 

emphasizes that aerospace engineering education needs to address emergent 

learning and knowledge technologies, with practical application in the field 

(Noor, 2011). It has been suggested that aerospace engineering, one of the 

major R&D fields indicated in the analysis of the Scientometrics and 

Technology mining agenda (Efimenko, Khoroshevsky, & Noyons, 2016), not 

only depends on technology implementation, but also on the utilization of 

digital technologies by the teachers and the students. 
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A recent review (Van Der Heiden, Pohl, Bin Mansor, & Van Genderen, 

2015) recommended that researchers should have an in-depth knowledge of 

aerospace technology and that teachers, should be experienced in its 

integration in the curriculum, and be knowledgeable in the methods of 

transfering this technology. 

Likewise, prior research suggested that teachers should stimulate 

students' creative skills while keeping the professional and practical base 

(Ahmed, 2014). Nevertheless, a recent study reclaimed more empirical 

evidence to assure that the use of digital technologies improves quality 

(Munro, 2018). 

 In this study, mobile technology, cloud computing, Big data, social 

media, and the IoT, identified as the Big Five technologies (Hinchcliffe, 2011; 

Spil et al., 2017), will be selected to offer an overview about the use of digital 

technology in aerospace engineering and the outcomes in education. Despite 

recent research focusing on the study of space technology trends (Pelicioni, 

Ribeiro, Devezas, Belderrain, & Melo, 2018), the development of space 

propulsion engines technology over the last 50 years (Salgado et al., 2018), 

and the absorption of aerospace technology through exploration of key aspects 

of education (Van Der Heiden et al., 2015), studies on the Big Five 

technologies used in the aeronautical engineering field remain unexplored. 

 Furthermore, taking into account that the most important focus on 

utilizing technology is to emphasize pedagogy and practices that support and 

enhance teaching and learning (Hamilton, Rosenberg, & Akcaoglu, 2016), the 

type of evidence will be explored through the Design-Based Research (DBR) 

methodology (Wang & Hannafin, 2005). How these Big Five digital 

technologies influence teaching and learning of aeronautical engineering is a 

relevant question to identify and promote empirical research. The exploration 

of the digital technology pedagogical use can allow the identification of what 

has been effectively implemented in education, what will require improvement 

and what research gaps exist. 

 A scoping review will be helpful to get potential insights for 

implementing digital technologies and suggest possible directions for further 

research. In the knowledge of the author, this is the first scoping review 

focusing on the identification of current research regarding the use of digital 

technologies in aeronautical engineering. 

 A preliminary search for existing scoping reviews and systematic 

mapping studies on the use of digital technologies in aeronautical engineering 

conducted in Google Scholar, Scopus, Web of Science and OpenGrey, did not 

return any result on this topic. The lack of a comprehensive review that 

includes the digital technologies used in aeronautical engineering guides the 

research questions for this scoping review, which is “What Big Five 
technologies have been used in aeronautical engineering?” The research sub-

question is “What design-based research interventions exist that used the Big 

Five technologies in aeronautical engineering education?" 
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 This study provides a scoping review on the use of the Big Five 

technologies in aeronautical engineering, identifying trending topics, possible 

gaps in the research and providing recommendations for the scientific 

community on future directions of research topics.  

 

Methodology 

 The scoping review approach was chosen because the topic has not 

been reviewed comprehensively before (Arksey & O’Malley, 2005). In 
accordance with the JBI methodology (Peters et al., 2015) and the PRISMA 

guidelines (Moher, Liberati, Tetzlaff, Altman & Grp, 2009; Shamseer et al., 

2015), the objectives, inclusion criteria and methods were specified in advance 

and documented in a protocol. 

 To identify the trending topics in the use of the Big Five Technologies 

and understand the conceptual structure in the aeronautical engineering 

research, social network analysis (SNA) methodology was undertaken 

(Wasserman & Faust, 1994) in a three-stage approach for the sampling of 

articles. In the first stage, the conceptual structure of the field was explored 

with co-occurrence of keywords (Callon, Courtial & Laville, 1991) established 

in 3 to have an overview of the evolution of the research topic. Then, topics 

were defined, classified and visualized by network and density with cluster 

analysis performed in 8 co-words to analyze its position and the dynamics of 

the whole research field. Furthermore, keyword analysis at the micro-level of 

the 8 co-words network was performed to obtain a complementary 

perspective. This approach allows an understanding of how the research field 

has been progressing relative to the use of the Big Five technologies. 

In the third final stage, two reviewers categorized the articles by type 

of digital technology. Documents related to education were selected and co-

word analysis performed with a low (broad) and a higher threshold (focus). 

This approach allowed an interactional analysis by the examination of the 

different networks, from the general to the specifically related to education 

(Callon et al., 1991). Then, the articles related to education were categorized 

from a design-based research approach (Collins, Joseph, & Bielaczyc, 2009; 

Wang & Hannafin, 2005). Apart from this, the most cited papers in the whole 

dataset were identified and analyzed in the overall network. The study of the 

scientific and technological achievements in aeronautical engineering from 

this approach has not been analyzed in the research literature. 

 

Inclusion/Exclusion Criteria 

 The inclusion and exclusion criteria were determined as the publication 

related to aerospace engineering, the purpose of the publication addressed 

digital technologies concerning aerospace engineering, published between 

1970 and 2018 (request date May 2018), and in English. Finally, redundant 

publications were excluded. 
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Data Sources and Search Strategies 

 Initially, the search string was used on the database Scopus and WoS 

Core Collection, as these two databases complement each other (Meho & 

Yang, 2007). The Aerospace Research Central (ARC) database (AIAA 

Association Website, 2018) did not return any relevant results. The digital 

technologies were limited to mobile technology, cloud computing, Big data, 

social media and, Internet of things referenced as the Big Five technologies 

(Hinchcliffe, 2011; Spil et al., 2017). The Web 2.0 and social web keywords 

were used to delimit the term social media. 

To take advantage of the combination of keywords, the term cloud 

computing was referenced as cloud to include broad references to cloud 

technologies. Table 1 includes the search string defined in the scoping review. 

The first search string (1) was used in Scopus and WoS with the purpose of 

generating a wide range of records to perform social network analysis about 

the use of the Big Five Technologies in aeronautical engineering. Papers 

related to education were selected for further analysis. The second search 

string (2) was related to terms that capture design-based research in education. 

This search was used in Scopus and WoS. Within the 2142 document results, a 

search was defined to identify the use of the Big Five Technologies (2.1). 

From the 83 results, only articles were selected for content analysis (n=23).  

 

Table 1  

Search strategy in Scopus 

  

The title, abstracts and keywords were analyzed. To avoid bias, the first search 

Field Strategy 

TITLE-ABS-KEY (1) 

(title, abstract, author 

keyword and keyword plus) 

 

 

To capture a wide range of records 

("digital technolog*"  OR  "emergent technolog*"  

OR  "mobile"  OR  "cloud"  OR  "big data"  OR  

"Internet of things"  OR IoT OR  "social media"  OR  

"web 2.0"  OR  "social web")  AND ("aerospace 

engineering"  OR  "aeronautical engineering"  OR  

"aviation engineering") 

Document type (DOCTYPE) All (Conference paper, article, conference review, 

review, short survey, editorial, note report) 

TITLE-ABS-KEY (2) 

(title, abstract, author 

keyword and keyword plus) 

 

Search within results (2.1) 

To identify Design-Based Research 

(("aerospace engineering" OR "aeronautical 

engineering" OR "aviation engineering") AND 

(teach* OR train* OR education)) 

"digital technolog*"  OR  "emergent technolog*"  OR  

"mobile"  OR "cloud"  OR  "big data"  OR  "internet 

of things"  OR IoT OR "social media"  OR  "web 2.0"  

OR  "social web" 

Document type (DOCTYPE) Article 

Publication year (PY) All years 

Subject category (SC) All 
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string (1) included the conference proceedings (Paez, 2017) and the results (2 

and 3) were qualitative interpreted (Gonzalez-Teruel, Gonzalez-Alcaide, 

Barrios, & Abad-Garcia, 2015).  

 

Conceptual Structure 

 With the data mining techniques (Cozzens et al., 2010) of co-word 

(Callon et al., 1991; Yan & Ding, 2012) cluster analysis was performed to 

identify the digital technologies employed in the conceptual structure of the 

aeronautical engineering research within the dataset (Table 1.1). In the co-

word analysis with VOSViewer 1.6.5 (van Eck & Waltman, 2017), all the 

keywords were selected (Colicchia, Creazza, & Strozzi, 2017; Zhang et al., 

2015). 

 Firstly, the co-word clusters were performed with co-occurrences 

established in 3, as the minimum. The map was explored by overlay 

visualization. The clusters were filtered for each digital technology in 

VOSviewer, to identify its location in the cluster or clusters and then, analyzed 

in the whole network. This approach was repeated with the number of co-

occurrences established at a maximum of 8. The results were compared and 

analyzed. 

The 447 academic papers of the dataset were input into an excel 

spreadsheet to categorize the data concerning the type of digital technology 

used or "other", in the case of no coincidence. The evolution of the use of each 

digital technology in the academic papers was analyzed by the year of 

publication. 

 Then, the articles (n=65) were examined taking into account the whole 

cluster where the digital technology was located in the co-word analysis 

established at a maximum of 8 co-occurrences and the most cited articles from 

the citation report in Scopus. In addition, the network characteristics of the co-

word matrix (n=8) were analyzed at micro-level using SocNetV-2.3 mainly, to 

perform the betweenness centrality (BC) and the eigenvector centrality (EV) 

measure (Zhang, Li, Liu, Chen, & Chai, 2017). 

Since the network was edge-weighted, edge weights were considered 

in BC, taken into account to compute distances and, inverted during 

calculations. Concerning Degree Centrality (DC), because the graph was 

weighted, Group Centralization could not be computed. Since this network 

was disconnected, the ordinary Closeness Centrality index (CC) was not 

defined. Instead, the Influence Range Closeness Centrality (IRCC) index, 

which considers how proximate is each node to the nodes in its influence 

range, was performed. The Gil and Schmidt Power Centrality (PC) index was 

used to enhance the BC results (Sinclair, 2009). 

 

Results and Discussions 

 Out of 57 million records of Scopus, a dataset of 447 papers was 

extracted. After content analysis revision, documents no related to the criteria 

defined in the search string were excluded (n=7). 440 papers were selected for 
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more in-depth analysis of categorization under the Big Five technologies used.  

 

The Conceptual Structure of Co-Word in 3 

 The analysis of the overlay visualization (Figure 1) of keywords 

included in the 9 clusters of this highly centralized network in aerospace 

engineering indicates a clear evolution in three groups. An original group, in 

purple (2000-2002), at the left of the illustration, a second group, in green, at 

the bottom-center from the year 2002 to 2008 and, the last one, in yellow, 

between the top of the right corner and the top of the centre (2010-). 

 

 

 
Figure 1. Overlay co-words (3).   Figure 2. Network of co-words (3).  
 

 The network visualization (Figure 2) indicates that the original group 

(2000-2002) is mainly dominated by cluster 1 (70 items), which is 

characterized by a lack of the digital technologies covered in this study. The 

developments of NASA monopolize this cluster, the keyword aerodynamics is 

occupying a relevant position surrounded by wind tunnels, fighter aircraft, 

drops, ice, and liquid water content. 

 The second group at the center and the bottom-right corner, from the 

year 2002 to 2008 (Figure 1), is commanded by the cluster 2 (Figure 2) with 

64 items, not only focused on aerospace engineering, satellite communication 

system, space research, and computing simulation but also, aircraft, aviation, 

and flight dynamics. This cluster is dominated by the military sector in aircraft, 

applications, communication and engineering. The research in this second 

group (Figure 1) includes the digital technologies of Big Data, Virtual Reality, 

the IoT, mobile computing and mobile telecommunications (Table 2). Also, the 

Artificial Intelligence and the Virtual Reality technologies are located here. 

In fact, cluster 2 includes the keyword technology transfer. Cluster 2 is 

overlapped by cluster 5 (44 items), which is related to the space stations by 

one side and, by another, to spacecraft and orbits. These sub-groups are 

connected with cluster 1 via the keyword NASA and cluster 2 with the 

keyword aerospace engineering in the first sub-group and, space research in 

the second case. The digital technology of mobile servicing systems is located 

here (Table 2). Cluster 4 (45 items) in which the global system for mobiles 
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(Table 2) is used, also overlaps with cluster 1, and is fundamentally focused on 

computational fluid dynamics connecting aerospace engineering (cluster 2), 

mainly aerodynamics and wind tunnels (cluster 1). Cluster 7 (33 items) located 

in the bottom, is derived from the topic of aerospace engineering (cluster 2) 

and is related to the launch of satellites. 

On the other side, the keywords of mobile robots, robotics, robots and 

motion planning from cluster 6 (38 items) are connected to space research and 

aerospace engineering (cluster 2) by one side and, by other the keyword 

digital technologies directly to cluster 2 via the term aerospace engineering. 

 Finally, the third group (2010-) of the overlay visualization (Figure 1) 

is dominated by the cluster 8 (20 items), and the cluster 3 (54 items), such as 

Figure 2 illustrates. In cluster 8, the use of cloud computing is highlighted 

(Table 2). There are two defined sub-groups of keywords without any 

overlapping among them in this cluster. This separation can be an indicator of 

an unexplored research area. One sub-group is linked to cluster 6 (38 items) by 

the curriculum design of engineering education and cluster 2 via the term 

aerospace engineering and, another connected via this keyword, which is 

focused on cloud computing and hardware. Cluster 3 (54 items) is 

characterized by the digital technology of mobile devices (Table 2) and also, 

three dimensional. Other keywords in this cluster are mobile devices, clouds, 

3d point cloud, algorithms, data visualization, image processing, remote 

sensing, atmospheric, high resolution and, meteorology. Cluster 9 (4 items), 

focuses on experimental investigations and helicopters, is located in this 

group. 

 

Table 2  

Big Five Digital technologies in the clusters with 3 co-words 
 

Digital technology 

Number of 

cluster 

Number 

of items 

Number of 

links 

Total link 

strength 

 

Occurrences 

Big data cluster 2 1 20 26 6 

Cloud computing cluster 8 1 37 82 7 

Internet of Things (IoT) 
cluster 2 2 

11 13 3 

Mobile computing 21 28 5 

Mobile devices cluster 3 1 24 31 8 

global system for 

mobile communications 
cluster 4 1 17 18 3 

Mobile device systems cluster 5 1 24 44 5 

Mobile robots cluster 6 1 65 134 27 

Items: 372, clusters: 9, links: 4956, total link strength: 8254. 

 The results offered by cluster 1 and cluster 7 could be conditioned by 

the use of the keyword cloud instead of the term cloud computing. 

Nevertheless, it has allowed enriching the meaning of the cluster in a general 

network analysis of the research field.  

 

 

 

7

Martinez-Lopez: Big5 Techno Aeronautic Education

Published by Scholarly Commons, 2019



 

The Conceptual Structure of Co-Word in 8 

 With the minimum number of occurrences of a keyword established in 

8, of the 4,513 keywords, 59 meet the threshold and 6 clusters emerged 

(Figure 3). 

 

Figure 3. Network co-words (8).   Figure 4. Density co-words (8). 

 

 Cluster 1, in red with 13 items, is related to robotics: aerospace 

engineering, algorithms, exhibitions, manufacture, mathematical models, 

mobile devices, mobile robots, optimization, robotics, robots, tracking 

(position), unmanned aerial vehicles, vehicles. This cluster includes papers 

(n=10) related to digital technology mobile robots, with 3 articles (Table 3). 

The most cited article in this cluster (n=56) is from Acta Astronautica, and is 

related to the maintenance operations on the International Space Station (ISS) 

(Coleshill et al., 2009). Concerning the citation report on Scopus, the paper 

related to the first experiments with PK-3 Plus on the International Space 

Station (ISS) (Thomas et al., 2008) has 125 citations. Taking into account that 

cluster 1 can be considered the main cluster and the central position that 

occupies aerospace engineering in the whole network, the contribution of this 

keyword to the network structure is significant. 

This cluster is located between cluster 2, in green, which includes 12 

keywords (i.e. design, launch vehicles, satellites and space stations) related to 

the design and cluster 5 (purple, 7 items) referred to the curricula and the 

teaching in engineering education. The graph of cluster 5 shows strong links 

among the keywords engineering education, students, education and teaching. 

The keyword, aerospace industry, is also included in this cluster. 

 Cluster 5 has defined boundaries without overlaps suggesting that the 

study of the curriculum design and teaching in the aerospace industry related 

to the use of the Big Five technologies is an unexplored research area. This 

gap is evident concerning cluster 5, almost isolated, in the overlay 

visualization of the network (Figure 4). Cluster 3, in blue, with 11 items is 

focused on aerodynamics (i.e. fighter aircraft, NASA, wind tunnels). Figure 4 

indicates that there are at least two sub-groups in this cluster. One focused on 

8

International Journal of Aviation, Aeronautics, and Aerospace, Vol. 6 [2019], Iss. 3, Art. 12

https://commons.erau.edu/ijaaa/vol6/iss3/12

DOI: https://doi.org/10.15394/ijaaa.2019.1342



 

aerodynamics and wind tunnels and another one, on drops. Cluster 4, in 

yellow, with 10 items, is related to the atmospheric conditions of flight 

dynamics and security systems (i.e., aviation, clouds, composite materials, 

remote sensing). The keyword highlighted in this cluster is three dimensional 

included in two proceeding papers. 

One of them addressed the software simulator for the robotic 

exploration of the lunar surface (Lombardi, Lavagna, & Francesconi, 2009) 

and, another one discussed a new approach for automatic registration of 3D 

point clouds using the genetic algorithm (GA) (Mariano & Li, 2012). 

Algorithm is a keyword of the main cluster 1, related to robotics. In 

fact, cluster 4 is located between this main cluster, cluster 3 about 

aerodynamics and cluster 6, reinforcing is identification like a bridge. 

One article mentioned the 3D technology, describing the challenges in 

the future aerospace systems and the aerospace engineering education (Noor, 

2011). Most of the articles included in this cluster are related to the clouds as 

atmospheric conditions, or the description of strategic, tactical and task cloud 

of aircraft mission system (Wang, Gu, Wu, & Wang, 2015).  

After filtering the dataset with the cloud technology (Table 3), three 

articles emerged. The first article was about mobile cloud and cloud 

computing (Cortes & Rabelo, 2013), another described the implementation to 

cloud memory of flight data recorders from an internal embedded device 

(Wiseman, 2016) and the article more cited (n=3) reporting the effectiveness 

of the application of cloud technology in manufacturing for aerospace 

complex products (Lin et al., 2016). 

Finally, cluster 6 (light blue, 6 items), overlapped among cluster 2 and 

cluster 1, is related to the communication systems and signal processing of 

avionics (i.e., avionics, satellite communication systems). The digital 

technology identified in this cluster is the mobile telecommunication systems. 

Two conferences papers included this digital technology as keyword (Table 3): 

one is a recommendation and implementation guidance to Grid installations 

(Hoeft & Epting, 2007) and, another one is a methodology for EMC testing 

and for characterizing NFC devices and their emissions according to aircraft 

industry standards (Nalbantoǧlu et al., 2016). Also, this cluster mentions the 

computer simulation technology about the Spectral IR Imaging of Targets and 

Scenes (SPIRITS) (Scott, 1990). The digital technologies used in this key 

research streams (n=8) are focused on cloud computing (Big Five) and mobile, 

specifically devices, robots and telecommunications (Table 3).  
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Table 3  

Big Five technologies by clusters with 8 co-words 
Digital 

technology 

Number of 

cluster 

Number of 

items 

Number of 

links 

Total link 

strength 

Occurrences 

Cloud computing cluster 4 1 25 68 28 

Mobile devices 
cluster 1 2 

11 18 8 

Mobile robots 27 80 27 

Mobile 

telecommunicati

on 

cluster 6 1 24 58 20 

Items: 59, clusters: 6, Links: 556, Total links strength: 1803. 
 

Keyword Centrality Analysis 

 The 8 co-words network characteristics were analyzed at micro-level 

(Table 4). The higher value of the betweeness centrality (BC) measure (BC 

Sum = 12.000; BC' classes = 2; BC' Sum = 0.007; BC' Mean = 0.000; BC' 

Variance = 0.000) of Aerodynamics (BC'= 0.007) indicates that this keyword 

bridge clusters. These results are corroborated by the Power Centrality (PC) 

index (PC Sum = 664.000; PC classes = 2; PC' Sum = 58.000; PC' Mean = 

0.983; PC' Variance = 0.017) in which the keyword Aerodynamics has the 

maximum value (Max PC'=1.000). Meaning that Aerodynamics is a concept 

connected to all (star), that can be interpreted as an evidence of their 

influential power in the future. Furthermore, Figure 5 shows the keyword 

Aerodynamics (links: 24, total link strength: 59, occurrences: 16) occupying a 

central position in the cluster 3. 

 Meanwhile, the term Aerospace has the minimum value in both 

measures (Min BC' =0.000; Min PC' = 0.000). However, the values of the 

degree centrality (DC Sum = 3606.000;  DC' classes = 41; DC' Sum = 1.000; 

DC' Mean = 0.017; DC' Variance = 0.001) and the Influence Range Closeness 

Centrality (IRCC classes = 30; IRCC Sum = 367.831; IRCC Mean = 6.234; 

IRCC Variance = 1.823) of the keyword Aerospace are the highest (DC' = 

0.224; IRCC = 11.739). Since, the IRCC index considers how proximate each 

node is to the nodes in its influence range and DC indicates the number of 

direct ties an item has with others in the network, the high value of Aerospace 

in the network can be interpreted as easy access to any resource, such as 

information and knowledge of high-quality. On the contrary, the terms mobile 

(DC' = 0.005) and curricula (IRCC = 4.521) have the minimum value. 

 In relation to EVC (Table 4), the keyword NASA has the maximum 

value (EVC = 0.255) of the report centrality eigenvector (EVC classes = 0; 

EVC Sum = 7.165; EVC Mean = 0.121; EVC Variance = 0.002), indicating its 

relevance in the network (Wasserman & Faust, 1994). The minimum value 

belongs to the keyword Composite (Min EVC=0.028). In relation to this, 

Aerodynamics has a medium value (EVC=0.135). 

Since there was no way to compute Group Eigenvector Centralization, 

Variance was used as a general centralization index. This network can be 
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considered as almost a complete or circle graph since the value of variance 

(0.002) suggests minor variability between the EVC' values. 

 

Table 4 

The network characteristics of the co-word matrix (n=8) 
Rank Label DC' Label BC' Label IRCC Label PC' Label EVC 

1 Aeros 0.224 Aerod 0.007 Aeros 11.739 Aerod 1 NASA 0.255 

2 NASA 0.037 Aeros 0.000 NASA 9.161 Winds 1 Robotics 0.222 

3 Fighter 0.029 Aircraft 0.000 Fighter 8.698 Design 1 Design 0.212 

DC, Degree centrality; BC, Betweenness centrality; IRCC, Influence Range 

Closeness; PC, Power Centrality; EVC, Eigenvector centrality index. Aeros: 

Aerospace, Aerod: Aerodynamics. 

 

 The visualization of the keyword NASA (cluster 3, 42 links, total link 

strength:134, occurrences:43) in the whole network (Figure 6) illustrates its 

relevance and also, its access to other resources of the research field. This 

interpretation is reinforced by its 0.037 DC' value (Table 4) and, that the most 

cited paper (n=210), in the whole dataset (n=447) of Scopus, is related to the 

preliminary results of the Lidar In-space Technology Experiment (LITE) of 

NASA in 1996 (Winker, Couch, & Mccormick, 1996). It is followed by a 

working robot system research (n=151), which applies the same frames of 

references that of astronauts working on a collaborative project (Trafton et al., 

2005). The keyword robotics (cluster 1, 29 links, total link strength: 65, 

occurrences: 20) has an important second position in the Eigenvector 

centrality index (EVC=0.222). The item design (links: 32, total link strength: 

61, occurrences: 12) from cluster 2, is key in the relevance of the 

Aerodynamics and NASA because of its position as a bridge with cluster 3 

(Figure 5 and Figure 6). Not surprisingly, it has the third highest value in the 

report centrality eigenvector (EVC=0.212). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Aerodynamics keyword.  Figure 6. NASA keyword. 

 

The current study significantly differs from previous results reported 
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(Pelicioni et al., 2018); the delimitation of the technology to the Big Five 

suggests that aerospace development research is focused on Aerodynamics and 

NASA.  

 

Categorization of the Big Five Digital Technologies 

 Mobiles are the most common technology identified in the overall 

dataset (Table 5). Due to the results of the cluster analysis in both co-word, a 

distinction between the type of mobile reference was made. 87 records were 

initially classified as mobile technology in general, among them: mobiles 

related to satellite communications, mobile applications, mobile devices, 

mobile lab, mobile robot, mobile simulation and mobile telecommunications 

system. Concerning mobile robot, eight articles from a total of 49 papers were 

identified (Table 5). The first mention appeared in a conference paper in 1985; 

it was related to three mobile fire-fighting modules for dispersing warm fog. 

The first article was published in 1992, “a mobile testing laboratory 
developed to be transported to a vehicle's location” (Bata et al., 1992). Only 
one article was related to social aspects and security of mobile communication 

systems in the French aerospace group (Anderson, 2006). Five conference 

papers were identified in this dataset on education. 

The first mention of mobile telecommunications is from an article 

published in 1975. It is included in the previously mentioned volume entitled 

“technology for change” (Anon, 1986). The mobile devices digital technology 
is discussed in 8 conference papers. Two of them are related to education: a 

Laboratory of Remote Access that can be used for courses in aeronautical 

engineering (Sievers Jr., Rangel, & Neto, 2014) and a paper describing the 

activity project “Look App” conducted by a group of students from the 
Departments of Aerospace Engineering and Astrophysics from Sapienza-

University of Rome (Pellegrino et al., 2015). 

The first mention of digital technologies (Table 5) appeared in an 

article published in 1975 in a volume entitled ″technology for change″ related 
to mobile communications via satellite (Anon, 1975). The next article 

appeared in 1986, addressing the configuration of the communication link 

between shore stations and mobile with satellites (Bitzer, Toussaint, Riffaldi, 

& Saitto, 1986). The first conference paper mentioning this digital technology 

was related to mobile space platform and was published in 1983. It referenced 

the Fairchild Leasecraft system, the shuttle-launched and supported mobile 

mini space platform to conduct peaceful activities within and outside the 

atmosphere (Burrowbridge, 1983). The 3G mobile via-satellite services 

mentioned at a conference in 2003 is considered the first paper about digital 

technologies (Anon, 1986). 

The first article related to mobile digital technology was also published 

in 2003. It discussed the development of aeronautical GSM systems and their 

integration with onboard systems (Fitzgerald, 2003). 3D technology, is 

described in 1990 like a “three-dimensional model for an artificial plasma 

cloud in the ionosphere” (Gatsonis & Hastings, 1990) in conference 
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proceedings. As for articles, the only one mentioned was in 2011, which 

proposed the development of a personalized /collaborative ecosystem for the 

aerospace workforce (Noor, 2011). 

 The first mention of cloud computing was in 2013. The conference 

paper of Xu, Bil and Cai (2013) presented a framework for aerospace 

engineering education based on cloud computing. The relevance of this 

proposal lies in the collaborative aspect with the integration of Web 2.0 

technologies as Google Drive, SkyDrive, Dropbox, Google Talk and Skype. 

Three articles have been identified using cloud computing technology (Table 

5). The first article is from the same year, a case study of the application of 

tablet computing in the cloud for operations in spacecraft systems (Cortes & 

Rabelo, 2013). 

The most cited paper related to the digital technology of Big Data 

appeared in 2014, and is related to a framework complementing periodical 

localized inspections to continuous network-wide health monitoring (Wang, 

Birken, & Shahini Shamsabadi, 2014). There are seven papers including 

specific references to digital technology (Table 5). The first reference appears 

in 1988 in the IEEE National Aerospace and Electronics Conference 

(NAECON, 1988) it contains 236 papers by various authors. The last one 

published in 2015 is a conference paper considering the digital technologies 

skills of first-year engineering students to develop a flipped teaching 

methodology with the combination of computer technologies and face-to-face 

classes in the first year Mathematics course in Aerospace Engineering 

(Llobregat-Gómez, Moraño, Roselló, & Ruiz, 2015). The IoT concerning 

aeronautical engineering appeared in an article of 2015, under a theoretical 

approach for the development of the transportation industry and the traffic 

(Zhang, 2015). 

 In relation to Web 2.0 technologies, the first reference in 2010 belongs 

to the most cited conference paper in this category (n=6) presenting the results 

of using educational videos in the Moodle platform, combined with text, 

images and questionnaires. The findings highlighted the increase of motivation 

from students (Simo et al., 2010). Also relevant in this category is a 

publication in 2015 related to the NASA innovation ecosystem as a 

collaborative platform whose team uses social media (Hardash, Landegger, 

Decker, & Thompson, 2015). Finally, the last publication in 2016 refers to the 

self-regulation strategies of two mechanical and aerospace engineering courses 

using Google Docs and Box were analyzed by mixed methods approach 

(Lawanto & Febrian, 2016). The technologies included in ‘others’ were 
excluded from further analysis since this topic covered technologies out of the 

scope of the search string defined. For example, computational technologies (8 

conference papers, 1 article), laser (3 conference papers), radar technologies (1 

article), teleoperator technology (1 conference paper), tunnel technologies (1 

conference paper), simulations and virtual building prototype (1 review).  
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Table 5  

Categorization of articles by type of digital technology 
Type FYC LYC NA FYA LYA Total 

Digital technology 1988 2015 - - - 6 

3D technology 1990 2017 1 2011 - 15 

Mobile robot 1985 2018 8 1992 2017 49 

Mobile devices 2007 2017 8 - - 8 

Mobile telecommunication 2003 2017 5 1975 2006 10 

Web 2.0 2010 2016 - - - 3 

Cloud computing 2013 2016 3 2013 2016 13 

Big data 2014 2017 - - - 7 

Internet of things (IoT) 2014 2017 1 2015 - 4 

FYC, First year publication conference review or paper; LYC, Last year publication 

conference review or paper; NA, Number of articles; FYA, First year publication 

article; LYA, Last year publication article; Total: number of conference papers and 

articles.  

 
Design-Based Research Intervention 

 With the documents related to education from the first, second search 

string (Table 1.2) and bibliographic references stored in Mendeley in RIS 

format (n=86), full keyword co-occurrences were performed in VoSviewer. 

With the minimum number of occurrences of a keyword in 2, of the 396 

keywords, 53 meet the threshold. For each of the 53 keywords, the total 

strength of the co-occurrence links with other keywords was calculated, and 

the keywords with the greatest total link strength were selected. The terms 

grou, co, in were eliminated from the verification of selected keywords. This 

analysis was compared to the number of occurrences established in 3 (Table 

6). Of the 396 keywords, 21 meet the threshold (clusters 5, links 65, total link 

strength 150).  

These articles can be considered the core of the academic research in 

the use of the Big Five technologies in aeronautical engineering. Figure 7 

includes an overlay visualization of the network (n=2) which offers more 

detail to the analysis. 
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Table 6 

Keyword co-occurrence comparative 

 keyword co-occurrence (n=2) keyword co-occurrence (n=3) 

C1 Alabama, Capstone design, class 

projects, computer aided design, 

computer software, design, engineering 

design, engineering education, 

engineering research 

aerospace industry, curricula, 

design, education, engineering, 

students 

C2 Air navigation, artificial intelligence, 

avionics, big data, data handling, eirev, 

information 

aerospace engineering, big data, 

computer aided design, 

engineering education, space 

C3 Aerospace control, dedicated 

computers, e-learning, geographical 

positions, grou, information systems, 

unmanned aerial vehicle 

blended learning, e-learning, 

grou, unmanned aerial vehicles 

C4 Aerodynamics, aerospace industry, 

mathematics, capstone design course, 

curricula, engineering, technology 

artificial intelligence, avionics, 

computer 

C5 Classroom education, cloud computing, 

collaborative work, computer, computer, 

concurre 

classroom education, cloud 

computing, collaborative work 

C6 Aerospace, algorithms, blended 

learning, distance education, education, 

students 

 

C7 aerospace engineering, aerospace 

engineers, information management, 

research 

 

C8 Ambient intelligence, driver, immersive, 

learning environment 

 

C9 Space  

 

 A comparative co-word analysis (Table 6) highlights the dynamics of 

the conceptual structure of topics and their evolution. The dynamic analysis of 

the networks allows to highlight the permanence of the digital technologies 

identified and also, their significance related to the clusters (Table 6). Big Data 

keeps is position in cluster 2 in both co-word analysis (Table 6) although the 

associated keywords evolve to more specific research in computer-aided 

design in engineering education. This evidence supports previous research 

suggesting that an evolution in the design processes will involve the use of the 

computer (Marshall, 1980). Cloud computing (cluster 5) appears as frequently 

studied together with classroom education and collaborative work (Table 6). 

 The overlay visualization of the academic papers related to education 

(Figure 7) illustrates the evolution of the use of digital technologies. From 
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both thresholds, the Big Five technologies identified in relation to education 

were Big Data (avg.pub.year: 2017) and cloud computing (avg.pub.year: 

2012). The position of cloud computing as a bridge is relevant (Figure 7). 

Other digital technologies mentioned are Artificial Intelligence (avg.pub.year: 

1998) and computer (avg.pub.year: 2006). As indicated in previous research 

(Zawacki-Richter & Latchem, 2018), the evidence of this study points to a 

progression of collaborative work and e-learning (Figure 7). Finally, despite 

the term Aerodynamics being mentioned (Table 6; Cluster 4) in the co-word 

(n=2) and studies relating the use of micro-computers to teach aerodynamics 

analysis (Zuppardi & Napolitano, 1987), there is a lack of evidence 

concerning the Big Five technologies.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Overlay co-word (n=2) academic papers related to education. 

 

 Peer-reviewed academic papers were selected and analyzed from a 

design-based research approach. From the first search string (1), out of the 39 

papers, 2 duplicates were removed. Only articles were selected for further 

analysis (n=18), 6 articles were excluded for not being identified as design-

based research studies intervention. A total of 11 articles were classified under 

the design-based research methodology (Table A1). From the second search 

string (2), out of the 23 articles selected for design-based research analysis, 

only 7 were identified as DBR (Table A2). The excluded articles were the 

duplicated and, 1 without access (Pan, Jin, & Feng, 2015). From the 18 articles 

selected for the design-based research analysis, the majority of the sample 

address undergraduate students (n=7). Concerning the intervention type, six 

articles of the ones using the instructional approach (n=10) reported the 

research sample of undergraduate students and also those addressed to 

graduates (n=3). Technological testing effectiveness (n=7) is the second type 

of intervention more reported in the dataset. 
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The digital technologies identified in the DBR analysis (Table A1; 

Table A2) were Web 2.0, as Big Five Technology, (Cervone, Melkert, Mebus, 

& Saunders-Smits, 2016; Jordana & Josep-Robert, 2015; Rodríguez-Sevillano 

et al., 2016) and, robotics (Boles, Bernold, & Scott, 1995; Carmen, 2012; 

Joshi, 2004).  

Two of the three articles reporting the use of Web 2.0 (Cervone et al., 

2016; Rodríguez-Sevillano et al., 2016) indicated the application of a blended 

learning methodology. For instance, the case study of Cervone et al. (2016) 

specifically reported the use of the flipped classroom methodology with 

interactive, practical examples and video lectures in the “Propulsion and 

Power” course offered in the Aerospace Engineering Bachelor degree 
programme. The experiences reported by Rodriguez-Sevillano et al. (2016) 

indicated that the Web 2.0 digital tools used in the "Introduction to 

Engineering Helicopter" course are the ones included in Learning 

Management Systems and Massive Online Open Courses (MOOCs) such as, 

online activities, video lectures, wikis and blogs. 

Finally, the research of Jordana and Josep-Robert (2015) reported the 

use of Google sites for the creation of student e-portfolios and their work as a 

cooperative group applying the Problem Based Learning (PBL) methodology 

in the teaching of ‘‘Digital Circuits and Systems’’ (CSD) in Aerospace 
Engineering. All of them reported the instructional approach strategy and the 

motivation improvement of the students as a result of this DBR intervention 

type. 

 The results of the face-to-face instructional approach strategy 

intervention followed by three academic papers using robotics indicated the 

new understanding about educational phenomena (Carmen, 2012; Joshi, 2004) 

and the improvement of student attitude (Boles et al., 1995; Joshi, 2004).The 

MATLAB computer simulation course project implemented as part of an 

introductory graduate course in autonomous robotics with students from 

Mechanical and Aeronautical Engineering, among others (Joshi, 2004) 

reported on the creativity stimulus and collaborative advantages of this 

approach. Most of the articles identified as DBR included the use of 

simulations (n=11) and 3D printing (n=2), in the definition of the Big Five 

technologies used in this scoping review. 

 Despite the previous research having highlighted the need  for 

knowledge of computers to work in aerodynamics, aerospace materials, flight 

mechanics among others, like propulsion, stability and control (Long, 2015), 

the findings of this study suggest that within the Big Five technologies, only 

the Web 2.0 (social media) is used in the teaching of aeronautical engineering. 

With the exception of a few articles mainly reporting the use of simulation 

(Ahmed, 2014) and robotics (Boles et al., 1995; Joshi, 2004), there is an 

absence of evidence in the  peer-reviewed  literature to support previous 

research arguing that the evolution of the technologies will affect task-

orientated training (Van Der Heiden et al., 2015). 
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The current study significantly differs from previous results reporting 

the important role of technology in universities on the development of space 

technologies (Pelicioni et al., 2018). Considering that a different selection of 

digital technologies could offer other results, further research could focus on 

different digital technologies, such as Augmented and Virtual Reality 

(AR/VR), robotics (Xia & Zhong, 2018) or Artificial Intelligence, among 

others as Virtual Worlds (Okutsu, DeLaurentis, Brophy, & Lambert, 2013), to 

enrich the findings. Similarly, a future study about the use of Web 2.0 

technologies should be based on a previous classification mentioning the 

specific tools included.  

 
Conclusions 

 This study provides a scoping review of the literature on the digital 

technologies identified as the Big Five used in aeronautical engineering and 

facilitates the identification of educational interventions to update future 

research and to inform education policy development. The Social Network 

Analysis describing the relevant research themes and trending topics in 

relation to the field has allowed understanding how the use of digital 

technologies and specifically, those identified as the Big Five technologies, in 

aeronautical engineering are being used and implemented. 

 The findings reveal that at the macro and micro-level of the Social 

Network Analysis, NASA and aerodynamics are the trending topics of the 

research field. The broad perspective provided by the conceptual structure of 

co-word (n=3) analysis allowed to identify three periods of evolution in 

relation to the use of the Big Five technologies. The Big Data and IoT (2002-

2008) appeared as highly correlated keywords with aviation. Also, it appears 

that cloud computing (2010-) is used in the curriculum design of engineering 

education. The relevance of the term cloud computing is reinforced by the 

results with the higher threshold of the co-word analysis (n=8), as an 

associated keyword of Aerodynamics. However, none of the Big Five 

technologies was identified in the keyword centrality analysis. 

The categorization of the Big Five technologies in the overall dataset 

revealed documents mentioning the Web 2.0 (2010), cloud computing (2013), 

the Big Data (2014) and, the IoT (2014). The co-word analysis of academic 

papers explicitly related to education allowed to identify the Big Data (2017) 

and cloud computing (2012) use of the Big Five technologies. Nevertheless, 

the analysis of interventions using the Big Five technologies by a design-based 

research approach of the academic papers only revealed the use of the Web 2.0 

since 2015.The evidence from this study suggests from different metrics and 

approaches, that despite the references to the Big Five technologies in the 

aeronautical engineering field, only Big Data and cloud computing has been 

identified in education. Furthermore, the lack of empirical educational 

intervention references, except for the Web 2.0 included in the delimitation of 

social media, is relevant. 

Previous research did reveal that a time lag can exist on application 
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research reports in the educational context and a new technology (Zawacki-

Richter & Latchem, 2018). 

The results of this scoping review show that the digital technology 

adoption from education in the aeronautical engineering field is still 

developing. Nevertheless, further studies taking into consideration other 

digital technologies such as robotics, virtual reality, or augmented reality are 

desirable to analyze the evidence of interventions in aeronautical engineering 

education. It is recommended to analyze the knowledge of the Big Five 

technologies of the teachers and their use in the teaching, as well as its 

integration in the aeronautical engineering curriculum. These topics are the 

subject of future research. 

 The scoping review approach is enriched with a Social Network 

Analysis, a keyword centrality analysis and, a design-based research analysis. 

The methodology followed has clear advantages by identifying the knowledge 

structure and the evolution of topics at the macro and micro level of a research 

field. The combination of a low and a higher threshold of the network has 

allowed describing the dynamics of the research field, following the evolution 

of the clusters to a more fine-grained analysis. The methodological approach 

of this study has shown how the incorporation of quantitative methods based 

on Social Network Analysis with qualitative approaches such as description 

and interpretation of the features of the design-based research implementation 

can be used to enrich reviews and analyze technology change. 

 However, the findings have to be interpreted with caution, because 

quality assessment does not form part of the scoping review. Because only 

English records were included in the search string, a risk of bias in the search 

process is possible. Furthermore, the authors of the articles reviewed should be 

contacted for missing information in future research. This review could be 

used to further assess educational interventions in aeronautical engineering 

that use digital technologies. The exploration of the conceptual structure from 

both the macro and micro-level provide an original way to review the 

literature and identify the use of digital technologies in the field.  
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Appendix 

 

Table A1 

Design-based research of articles (1) 
Author(s) 

year 

Digital 

Tech. 

Research 

sample 

Research 

setting 

 Intervention 

Type (DBR) 

Results 

(DBR) 

Iteration 

(DBR) 

Chen, 

Chen, Liu, 

Song 

(2018) 

Simulation Underg. 

Case-based 

teaching and 

Problem-based 

Learning: 

experiment 

course case-

based studies 

 

Technological

Testing: 

questionnaire  

Increases 

student 

learning / 

Improved 

motivation. 

Positive 

impact 

student 

formation. 

NR 

Virgin 

(2017) 

3D 

printing 
Underg. 

Case / hands-on 

and initial 

anecdotal 

evidence 

Technological

Testing 
NR Pre stage 

Cifuentes-

Rodriguez

,  

Fernandez

, 

Castejon-

Limas, 

Alfonso-

Cendon 

(2016) 

Flight 

simulator 
Underg. NA 

Technological 

intervention 

(testing 

effectiveness 

environment) 

Improved 

motivation 
NA 

Vo, 

Trepanier 

(2016) 

Simulation Underg. 
Project based 

learning 

Method 

/Strategy 

(curriculum 

unit) 

Potential for 

improved 

learning 

Final 

Phase 

Jordana, 

Robert 

(2015) 

Simulation 

/ Web 2.0: 

ePortfolio 

(Google 

sites) 

 

PBL / 

laboratory 

session / Face-

to-face 

Strategy 

(curriculum 

unit) 

Improved 

motivation 
ON 

Shankar, 

Chung,  

Husman, 

Wells 

(2015) 

MATLAB/  

Flight 
Underg. 

Active learning 

strategies and 

actual 

performance 

Strategy 

(method)  

Improved 

motivation 
ON 

Zeng, 

Zhang, 

Huang, 

Dong 

(2014) 

 

MATLAB/ 

Siumlink 
Graduate 

Systematic 

multi-hierarchy 

method/ hands-

on manner 

Strategy 

(method / 

curriculum 

unit)  

Improved 

skills/ 

educational 

phenomena 

ON 
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Ahmed 

(2014) 

Flight 

simulator 
Underg. 

 Advanced 

project design 

study concept 

Strategy 

(authentic 

tasks:  

"advanced 

project design 

study 

concept") 

NA NA 

utler, 

Terpenny, 

Goff, 

Pant, 

Steinhauer 

(2012) 

Simulation 

Based 

Learning 

 

Context-based 

learning 

opportunities 

Testing 

effectiveness 

tool 

Potential for 

improved 

learning 

ON 

Kroll 

(2011) 

3D 

printing 
NR 

Conducting 

real-wind-

tunnel testing 

Testing 

effectiveness 

tool 

Potential for 

improved 

learning 

ON 

Valdes, 

Sanz, 

Alonso 

(2011) 

Flight 

simulator 
NA NR 

Technology 

supported 

activities 

Educational 

phenomena 
NA 

NR, No reported; NA, Not access; ON, Ongoing. 
 

Table A2 

Design-based research of articles (2) 
Author(s)  

year 

Digital 

Tech. 

Research 

sample 

Research 

setting 

 Intervention 

Type (DBR) 

Results 

(DBR) 

Iteration 

(DBR) 

Rodriguez-

Sevillano, 

Barcala-

Montejano, 

Tovar-Caro, 

Lуpez-

Gallego 

(2016) 

Web 2.0: 

MOOC 
Graduate 

Blended 

learning 

Instructional 

approach  

model (OCW) 

Improve 

motivation 
ON 

Cervone, 

Melkert, 

Mebus, 

Saunders-

Smits (2016) 

Web 2.0 Bachelor 
Blended 

learning 

Instructional 

approach 

strategy 

Increases 

learning/ 

Improved 

motivation 

Final 

phase 

Carmen 

(2012) 
Robotics Underg. 

Face to 

face 

Instructional 

approach 

method 

Improve 

motivation/  

Educational 

phenomena 

NR 

Valdes, Sanz, 

Alonso 

(2011) 

Video-

game 
NR 

Blended 

learning 

Testing 

environment/ 

tool 

NA NA 
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Joshi (2004) 

MATLAB 

computer 

simulation 

/ Robotics 

Graduate 
Face to 

face 

Strategy 

(authentic 

tasks: 

simulation 

project) 

Educational 

phenomena / 

Improved 

attitude 

Final 

Phase 

Goldin, 

Venneri,  

Noor 

(1999) 

Simulation NA NA NA NA Pre stage 

Boles, 

Bernold, 

Scott 

(1995) 

Robotics NR 
Face to 

face 

Strategy 

(authentic 

tasks) 

Improve 

attitude 
NR 

NR, No reported; NA, Not access, ON, Ongoing. 
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