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Introduction 

The safety and efficiency of the National Airspace System (NAS) is dependent on the 
Federal Aviation Administration’s (FAA) ability to develop highly-skilled air traffic controllers 
(ATCs). The FAA uses a multi-stage training program that requires new hires to complete FAA 
Academy training and field qualification training in order to certify as a professional controller1. 
Once becoming a certified controller, the FAA also offers additional refresher and proficiency 
trainings to support the knowledge and skill building of its workforce (FAA, 2019). Effective 
training is, therefore, critical for ensuring that the ATC occupation is well-staffed, that ATCs are 
qualified to perform their duties, and that controllers are able to meet the demands of the future 
aviation environment as the NAS transforms to the Next Generation Air Transportation System 
(NextGen; FAA, 2019). As the nature of the ATC occupation evolves, the FAA must continually 
look for ways to improve the efficiency and flexibility of the training program to meet the 
learning needs of controllers at different levels of experience. 

 Recent research suggests that ATC training practices have not progressed alongside 
advancements in training technology and design which is now increasingly technology-mediated, 
self-paced, and individualized (Brown et al., 2016; Schultheis, 2014). Implementation of 
advanced training delivery technology became necessary when the coronavirus pandemic caused 
the shutdown and delay of face-to-face training at the Academy. However, ATC training has 
historically relied extensively on classroom instruction and on-the-job training (OJT) with 
minimal computer-based and simulation trainings (Buck & Pierce, 2018). Brudnicki et al. (2006) 
offered that the integration of training technologies can assist the FAA in meeting the training 
needs of controllers by providing standardized, self-directed instruction as well as helping the 
organization deal with the high number of controllers that need to be trained. The application of 
these training technologies into the broader ATC training process needs to be addressed. The 
purpose of this literature review is to define adult learners, the theoretical concept of andragogy 
(which means methods for teaching adult learners), and training technologies used for blended 
learning. Additionally, the literature review will identify best practices and recommendations in 
training design, instructional strategies, and technology support in order to provide evidence-
based recommendations for the integration of blended learning in initial ATC technical training 
content.  

Adult Learning Theories 

Air Traffic Control students are adult learners who attend technical training designed to 
teach the basic knowledge and skills required for the job. Educators of adult students, program 
administrators, and program planners must understand the adult learning concepts affecting these 
students in order to enhance the learner experience. Program administrators and researchers 
                                                 
1 Candidates with at least 52 consecutive weeks of air traffic control experience within 5 years of application are 
allowed to bypass FAA Academy training if hired for the position. However, these candidates must complete 
facility-specific training at their assigned facility (FAA, 2019). 
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agree that including adult learning theories and practices in current and new training programs 
can richly enhance the learning experience. Andragogy and Self-Directed Learning, often known 
as the two pillars of adult education, are the theoretical constructs that support adult learning 
(Merriam, 2001).  

Andragogy 

 Darkenwald and Merriam (1982) originally defined andragogy as “the process whereby 
persons whose major social roles are characteristic of adult status undertake systematic and 
sustained learning activities for the purpose of bringing about changes in knowledge, attitudes, 
values or skills (p. 9)”. Knowles (1980) defined an adult learner as someone who “(1) has an 
independent self-concept and who can direct his or her own learning, (2) has accumulated a 
reservoir of life experiences that is a rich resource for learning, (3) has learning needs closely 
related to changing social roles, (4) is problem-centered and interested in immediate application 
of knowledge, and (5) is motivated to learn by internal rather than external factors” (Merriam, 
2001, p. 5). In addition to these five characteristics, Knowles also stressed the need for the 
learning to be learner-centered, not instructor-centered in traditional education (Merriam, 2001). 
These definitions laid the foundation for the creation of an emergent model of andragogy 
entailing a set of six assumptions about the adult learner (Knowles, 1980). ATC training content 
should be designed and delivered to support the six assumptions required for successful adult 
learning to occur.  

The Model of Andragogy 

 The first assumption states adults should be encouraged to discuss information presented 
by instructors while expressing their views on the topic. Collaborating in this manner allows 
adults to increase their self-confidence on a subject leading to higher performance on the 
information learned (McGrath, 2009). ATC students should be encouraged to ask questions and 
create their own understanding of the concepts delivered during training. Instructors should 
guide the learning process while creating opportunities for self-discovery. Supporting this 
assumption in training design and delivery can lead to greater knowledge retention of ATC 
students.  

 The second assumption states adults develop life and work experience, which is relied 
upon when faced with a learning challenge. Adults begin to draw conclusions and assimilate 
information by applying prior knowledge to the topic. New knowledge begins to be created by 
organically allowing these process to occur (Knowles, 1980). ATC students should be 
encouraged to make connections to past experience as examples that may be applicable to the 
concepts they are learning during the training. Training should be designed to include activities 
that allow students to make connections with past experiences. In addition, instructors should use 
practical examples, which are easily understood by a variety of individuals, to help support the 
new concepts being taught during training.  
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 The third assumption asserts learning becomes a developmental task defined by the role 
maintained by the learner. The developmental task of learning a primary skill is contingent on 
the need for the skill in the social context, i.e. job development (Knowles, 1980). Developers 
should focus on the specific requirements pertaining to the ATC function and ensure the content 
focuses on the KSAOs/tasks relevant to the position. Instructors who are subject matter experts 
(SMEs) bring an authenticity to the learning environment and are able to teach the content from 
experience, focusing on the job relevant tasks. Activities should be built on ATC specific 
scenarios, as currently being done, in order for students to assimilate and appropriately apply 
solutions.   

 The fourth assumption states that adults learn by shifting information from content of 
topic to performance-centered outcomes. Learning initially begins when subject knowledge is 
being acquired, but continues to mature through performing a task in a desired manner and 
receiving an outcome for completing the task. The adult becomes interested in the application of 
the knowledge garnered. Designing curriculum to be taught through problem-solving with 
instructor support is essential for helping students meet this need (McGrath, 2009). ATC 
activities and scenarios should be built with the ability for students to work through problems to 
identify solutions for success. Students should receive supportive feedback during the training 
experience to identify the strengths and opportunities for growth.  

 The fifth assumption is that adults are motivated to learn. Adults are less concerned with 
a specific grade or reward, the primary motive for knowledge acquisition is found in the internal 
satisfaction gained from learning something new (Knowles, 1980). In addition, Maslow stated 
students are motived by the need to belong to a group. When students are comfortable in the 
group environment, they will excel academically and professionally (McGrath, 2009). 
Developers should focus on providing break-out rooms and/or small group exercises to support 
social engagement. Instructors should encourage students to create relationships. ATC students 
should be encouraged to create study groups and cohorts to support the learning environment. 
The different interactions can be done during face-to-face instruction or in remote learning 
across various platforms. 

Self-Directed Learning 

Intertwined with the theory of Andragogy is Self-Directed Learning (SDL). Adult 
educators and program administrators began using SDL in the 1970s and it has increased in 
popularity (Long, 1992). SDL allows the learning process to occur when “individuals take the 
initiative in assessing their own learning needs, formulate learning objectives, ascertain resources 
for learning, adopt appropriate learning strategies, and evaluate learning outcomes” (Knowles, 
1975, p. 18). SDL happens when other types of learning assistance such as “teachers, tutors, 
mentors, resource people, and peers” (p. 18) work together to support the learning experience. 
SDL allows adults to create collaborative learning activities which are often preferred to 
traditional knowledge transfer from instructor to student (Kastner, 2019). Additionally, learners 
are able to focus on the learning process to gain knowledge and skills and continue growth with 
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little instructor support (Kastner, 2019). However, Knowles suggests if learners are struggling 
with some topics, instructors should guide and support the experience by providing opportunities 
for enrichment, but not prevent the self-creation of knowledge (Koc, 2019).  

SDL allows the learner to organize, monitor, and evaluate their own learning (Koc, 
2019). Allen and Seaman (2004) defined this as the intrinsic motivation of adults to continue to 
learn. By connecting information learned to previous life experiences, a deeper and more robust 
understanding and skills demonstration can occur (Kastner, 2019). Adults who are ready to learn 
will draw their own conclusions of the application of the concepts required during the 
educational experience leading to greater understanding of the concepts taught (Conrad and 
Openo, 2018).  

Academic performance of learners is affected by SDL in online or blended learning 
settings. Researchers have found a positive relationship between SDL and academic achievement 
scores using blended learning more often than just one training modality (Hung et al., 2010; 
Kirmizi, 2015; Merriam & Caffarella, 1991). 

Utilizing the model of andragogy combined with SDL principles can lead to a blended 
learning design of the ATC training curriculum, supporting knowledge and skill creation and 
retention of learners. Identifying the needs of the adult learner, including those related to training 
design, instruction principles, and technology can provide the foundation for developing a 
blended learning program at the FAA Academy.   

Blended Learning 

 Many definitions of blended learning exist. However, researchers agree learning that 
occurs through a combination of online technology and face-to-face classroom instruction is 
considered blended learning (Conrad & Openo, 2018; Kastner, 2020; Lee, 2010; McGee & 
Poojary, 2020; Merriam & Caffarella, 1991; Prohorets, & Plekhanova, 2015; Zydney et al., 
2018). Blended learning increases the opportunities to combine on-site and online learning 
allowing for flexibility, accessibility, and enhanced learning experiences (Kastner, 2020). 
Blended learning, compared to traditional instruction or online instruction only, has positive 
effects on the learning and student performance (Stein & Graham, 2014). Research shows that 
students in Science, Technology, Engineering, and Math (STEM) disciplines had improved 
learning outcomes in a blended environment than traditional classroom settings due to using 
active learning techniques focused on tasks and exercises (McGee & Poojary, 2020; Wibawa & 
Kardipah, 2018). In addition, using blended learning strategies allows students to gain technical 
knowledge to help prepare them for applied application outside the classroom (Wibawa & 
Kardipah, 2018).  

 Blended learning programs use synchronous and asynchronous activities for successful 
learning (Hratinski, 2008). The inclusion of both learning approaches in the design is viewed as 
essential for adult learning success. Past research has been limited due to the lack of 



5 
 

technological resources; however, with the invention and creation of multimedia tools that allow 
for greater enrichment, educators are beginning to see the benefits of integrating these modalities 
(Bower et al., 2014; Hrastinski, 2008; Prohorets, & Plekhanova, 2015; Yamagata-Lynch, 2014). 

Synchronous Learning 

Synchronous learning occurs when students attend the class at the same time (Hrastinski, 
2008). These learning activities support group cohesion, social connection, and instructor 
engagement (Bower et al., 2014; Hrastinski, 2008; Yamagata-Lynch, 2014). While synchronous 
learning has traditionally been thought of as face-to-face instruction, new technology has 
afforded opportunities for online synchronous events to occur. Specifically, synchronous 
learning experiences occur through online chat forums, interactive discussion boards, small 
group meetings, and virtual classrooms (Bower et al., 2014; Hrastinski, 2008; Prohorets, & 
Plekhanova, 2015). Students are provided with flexibility and the ability feel connected due to 
the ability to co-create learning while remaining in their own environment (Prohorets, & 
Plekhanova, 2015). This approach is considered student-instructor focused (Sung et al., 2016).  

Asynchronous Learning 

Asynchronous learning activities are highly structured with little deviation from materials 
and students do not have to attend training at the same time (Hrastinski, 2008). These 
environments allow learners to complete learning activities on their own time, resulting in more 
control over the learning experience. Asynchronous learning is most often synonymous with e-
learning environments. Asynchronous learning does not provide many opportunities to 
collaborate as students and instructors do not have to attend training at the same time (Prohorets, 
& Plekhanova, 2015). Additionally, asynchronous learning allows the participants to download 
materials, as well as view pre-recorded videos and webinars for learning at their own pace 
(Hrastinski, 2008; Holden & Westfall, 2006). Asynchronous learning is considered a student-
focused approach (Reychav & Wu, 2015; Sung et al., 2016) as students enjoy the flexibility to 
learn on their own schedule at their own convenience (Bower et al., 2014, Hrastinski, 2019; 
Prohorets, & Plekhanova, 2015). In order for true blended learning to occur, using a combination 
of learning environments and tools is essential.  

Training Environments and Modalities 

 A variety of training environments and modalities can be used to support student 
learning. The traditional classroom environment began in the United States in 1622 (Dexter, 
1919). With the invention of distance education in the early 1970s, Michael Moore was the first 
to document the transition from traditional face-to-face instruction with the separation of student 
and teacher (Conrad & Openo, 2018). Since that time, rapid changes in technology and 
availability have occurred affording students the opportunity to participate in online learning 
environments (e-Learning and Virtual Learning) and experiences, as well as traditional 
classrooms.    
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Classroom Environment  

The traditional framework for any educational experience is the teacher-led, face-to-face 
environment, known as an instructor-centered approach. Classrooms have been traditionally 
designed with a top down approach where the teacher is the subject matter expert. Traditional 
classrooms provide direct instruction to students and provide students with opportunities to apply 
what they learn at later time periods (Kim et al., 2000). An instructor-centered approach breaks 
information down into basic core concepts to develop a subject-knowledge base. This type of 
instruction removes learner autonomy while promoting the teacher as expert (Coffey & Davis, 
2019). Problem-solving and independent thinking are developed later, once the baseline 
knowledge and information is received (Kim et al., 2000).  

Flipped learning is a more recent advancement of the traditional instruction format 
(Zappe et al., 2009). The concepts are presented as foundational information by an instructor 
with opportunities for students to work in groups for collaboration (Coffey & Davis, 2019; 
Özüdoğru & Aksu, 2020). Flipped learning is especially effective when using technology to 
support the activities. Content is often delivered through online learning while classroom time is 
scheduled for activities, discussion, and expert insight (Özüdoğru & Aksu, 2020; Zydney et al., 
2018). Research indicates flipped classrooms improve student learning and achievement 
specifically for STEM-related courses. 

Online Environment 

The use of online training has grown substantially in organizations and educational 
institutions given the availability of the internet and the continuing shift from instructor-centric 
to learner-centric training approaches (Brown et al., 2016; Zhang & Nunamaker, 2003). Online 
training refers to the use of internet resources to create a learning environment and deliver 
instructional content and materials (DeRouin et al., 2004). The training modalities most 
commonly used are e-learning and virtual learning classrooms (Lee, 2010). Formats such as 
webinars, videos, virtual classrooms, and e-learnings utilizing learning management systems for 
delivery of materials supplement the learning experience (Holden & Westfall, 2006). The 
flexibility afforded by online training environments makes it a potential replacement for portions 
of classroom instruction and amendable to different training efforts such just-in-time training 
(Jones, 2001). In contrast to classroom environment, the online training environment is learner-
centered (Lee, 2010).  

Online training requires the student to take responsibility for their learning experience. 
The learning is largely self-directed with information designed to cover a topic. The information 
presented highlights the most important concepts required, but assumes learners will continue to 
collect information to assimilate and scaffold this information (Conrad, & Openo, 2018). 
Scaffolding breaks the information learned, skill, or concept into discrete parts which provides a 
tool or structure to learn each chunk of information (Conrad & Openo, 2018). However, due to 
this requirement, research suggests delivering training exclusively online leads to a lack of 
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engagement, motivation, and authentic opportunities for students to engage with others (Kastner, 
2020). Instructors struggle with the ability to appropriately assess student learning when online 
delivery of training is the only instruction students receive due to lack of interaction, uncertainty 
of knowledge gained, and primarily using polls or pass/fail questions for assessments (Conrad, & 
Openo, 2018).  

Historically, online delivery has occurred in the form of e-learning and virtual learning 
experiences where technology supports the delivery of materials synchronously and/or 
asynchronously (Hrastinski, 2008; Kastner, 2020). However, in recent years, games and 
simulations have been designed to support online learning (Bell, et al, 2008; Landers, 2014). 

e-Learning 

 e-Learning is traditionally defined as teaching and learning online using technology to 
deliver material to students, often asynchronously (Hrastinski, 2008). Courses designed using 
this technology are primarily static with little student to student interaction (Kastner, 2020). e-
Learning makes it possible for students to log into the environment and learn at their own pace, 
often gaining knowledge of a new concept or idea through reading material or watching pre-
recorded videos (Hrastinski, 2008). e-Learning has grown in popularity as technological 
advances have been made and mobile devices have become more prevalent in society (Conrad & 
Openo, 2018). Recent shifts in education have reflected the desire to move from a traditional e-
Learning platform, which is largely depended on interactions between the student and course 
content with few interactions with the instructor, to a blended learning experience that utilizes a 
virtual platform to support learning. Virtual learning allows for student-instructor and student-
student interaction to occur in real-time leading to an enriched learning experience (Conrad & 
Openo, 2018; McGee & Poojary, 2020).  

Virtual Learning 

 Virtual learning began in 1960, when the University of Illinois created a network of 
computers where students could access recorded videos of instruction (Doan, 2020). Since that 
time, virtual learning has seen tremendous growth as institutions have looked for ways to 
supplement classroom learning, beyond brick-and-mortar schools (Kastner, 2019). Providing 
access to students in their own environment has allowed students to excel in their curriculum. 

Today, virtual learning is used to supplement e-learning and/or face-to-face instruction 
(Hrastinski, 2008). Virtual learning is referred to as instruction that takes place where the 
instructor and students are geographically or physically distanced and the courses are delivered 
through an online platform synchronously (Doan, 2020; Yamagata-Lynch, 2014). Virtual 
learning uses webinar technology to engage students in discussions, breakout rooms, group 
activities, and instructor-led lectures (Kastner, 2019). Typically, virtual learning also includes 
assessments in the forms of polls, quizzes, and scenario responses (Conrad & Openo, 2018). 
Instructors can provide feedback in a timely manner, as well as clarify any challenges learners 
may have understanding concepts or content delivered through other formats (Doan, 2020).  
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Games 

The use of educational games and game-like elements to enhance training has become 
increasingly popular due to the supposed benefits on learner engagement and motivation 
(Landers, 2014). Game-based training comprises both serious games which refer to the use of 
video games for educational purposes as well as gamification which involves the use of game-
like elements (e.g., competition, rules) for training purposes (Vandercruysse et al., 2012; Yu, 
2019). Olah (2020) describes that game-based trainings can range in the amount of gameplay 
(i.e., no gameplay to serious gameplay) and the focus of the training (e.g., attention, feedback, 
practice). Game-based trainings have been used in a variety of domains such as the military, law 
enforcement, education, and aviation domains (Hays, 2005, Moskaliuk et al., 2013; Vu, 2013). 
The development of game-based training grew from the belief that games, an entertainment 
technology, could be developed for instructional purposes and would better align with learner 
interests, thereby improving the intrinsic motivation and engagement of leaners (Hays, 2005). 
The use of games for training is also believed to have a positive effect on emotion and effort 
during training as well as knowledge and skill acquisition given the dynamic, interactive 
environment created by games (Korteling et al., 2013; Yu, 2019). 

Simulations 

Simulation training involves the use of artificial environments (e.g., virtual) to provide 
learners with learning experiences and practice opportunities in realistic, job-like settings (Bell et 
al., 2008). While there is some overlap between game-based training and simulation training, 
simulations are not structured around game elements and instead are concerned with the 
recreation of realistic environments. Simulation exercises immerse trainees in virtual settings 
characterized by instructional features to guide learning experiences and accelerate the 
acquisition of knowledge and skill. Simulations are useful for domains, such as aviation, 
emergency response, and medicine (Kunkler, 2006; McLean et al., 2016; Williams-Bell et al., 
2015), where practice in real-world settings is too costly or too dangerous. Simulation training is 
also useful for training skills that are critical, but are infrequently used on the job (Salas, Rosen, 
et al., 2009). The term simulation covers a broad spectrum ranging from low-fidelity to high-
fidelity simulations that are used to create a synthetic practice setting (Salas, Wildman, et al., 
2009a). For example, Salas, Rosen, et al. (2009) describe three categories of simulations: role-
playing simulations, physically-based simulations, and computer-based simulations. Even within 
these different environments, the cost and use of technology can range substantially. 

 Gegenfurtner et al., (2014) states that there are two assumptions underlying the 
effectiveness of simulation trainings. The first assumption is that simulations are more 
motivating than traditional training, in part, because simulations recreate work-like settings and 
provide the opportunity to practice trained skills. These elements can promote learner 
engagement and improve learner self-efficacy (i.e., the belief in one’s ability to successful 
perform a task). The second assumption is that simulation training results in more transferable 
skills as simulation exercises elicit behaviors that are similar to what is required in on the job. 
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Since simulations are often an authentic representation of the job setting, learners should better 
recognize the similarities between the training environment and the task context, which as a 
result should increase the chance that individuals apply what they have learned to the job.  

Training Design 

 Creating a blended learning program is not as simple as using a variety of tools to teach 
information to students. The transition between classrooms, online, games, and simulations 
should be minimal, limiting the time between each training modality (Allen et al., 2007). 
Creating a blended learning program requires careful alignment with the learning tasks using 
modalities that can create synchronous and asynchronous experiences (Bower et al., 2014; 
Conrad & Openo, 2018; Hrastinski, 2008; Kastner, 2019; Prohorets & Plekhanova, 2015). 
Embarking on this endeavor begins with a thoughtful plan for training design. 

 Fenwick and Parsons (2009) suggest specific questions should be asked before beginning 
any training design:  

1. What are the most important things learners should know? 
2. Is the knowledge created by the learners or provided by expert instructors? 
3. Who should control the learning experience? 
4. Is learning systematic and sequential or holistic and idiosyncratic?, and  
5. Can learners be asked to demonstrate the learning immediately or do they need time for 

reflection and practice? (pg. 15).  
These guiding questions are further supported by Caulfield (2012) who suggested incorporating 
andragogic principles in adult learning programs. Specifically, learning should be designed to 
support the reasons the information is being taught, apply scaffolding techniques such as group 
interaction, simulation, and case studies for higher learning to occur, and allow for synergy of the 
learning to occur between instructors and students (Caulfield, 2012). This can be achieved by 
providing students interactive learning activities which can be largely self-directed (Kastner, 
2019).  

 The key to developing training is careful planning to incorporate the necessary content 
required for student success and identifying available technologies to support learning objectives 
and transfer of training. This cannot be done by directly applying face-to-face content and 
activities to an online format (Kastner, 2019). The design should be driven by the content and or 
learning needs, defined by the content taught, tasks required, and complexity of the learning, 
rather than focusing solely on the technology solution (Lieser et al., 2018). Simpson & 
Anderson, 2009). Thus, blended learning should be designed so instructors and learners are 
working together to accomplish objectives through the use of a variety of assignments, activities, 
and assessments appropriate for each training modality. Additionally, the activities should bridge 
the environments being used for delivery (McGee & Reis, 2012). Finally, research suggests 
allowing for synchronous and asynchronous interactions to be infused allowing for an increased 
sense of community and learning for students (Kastner, 2019).   
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Tools and Technology 

The use of tools and technology increases as blended learning becomes more popular. 
Webinars, e-learnings, videos, chatrooms, wikis, blogs, podcasts, and discussion boards (Boulus, 
Maramba, & Wheeler, 2006; Coffey & Davis, 2019; Hrastinski, 2008; Kastner, 2019; Lieser et 
al., 2018; Pape, 2010). Four of the most common webinar tools used in blended learning 
environments include Zoom, GoTo Meeting, Adobe Connect, and Blackboard Collaborate 
(Lieser et al., 2018). Table 1 describes the capabilities for each of these platforms. In addition to 
using the tools, a system should be implemented for recording the use and access of these tools 
by students (Pape, 2010). Tracking the tools used can provide necessary information regarding 
learner preferences in order to ensure instructors are using the most platforms for delivering 
training (Pape, 2010).  

 
Table 1 
Embedded Functionalities of Common Webinar Tools 

FUNCTIONALITY ZOOM GOTO 
MEETING 

ADOBE 
CONNECT 

BLACKBOARD 
COLLABORATE 

HD Video/Audio X X X X 

Dial-in Audio 
(Computer/Phone) X X   

Screen Sharing 
(Application/Desktop) X X X X 

Chat (Private/Group) X X X X 

Control 
(Host/Moderator) X X X X 

Icons (Raise 
Hand/Clap) X X X X 

Breakout Rooms X X X X 

Screen Sharing (Small 
Group) X X X X 

Keyboard Control  X X   

Whiteboard X X X X 

    Note: Adapted from Lieser et al. (2018).  
 
 Training designed using computers, smartphones, and tablets as the primary delivery 
method adds an additional layer of complexity because the lack of physical connection to others, 
limits of the technology, and predictableness of the tools accessed can decrease the capacity for 
learning new information (Zydney et al., 2018). In addition, cognitive load on the learner should 
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be considered when implementing any tools and/or technology for training delivery. Regardless 
of learning modality, there are capacity limits for learning new information. Research suggests 
that new learning decreases after 15-20 minutes and cognitive capacity becomes limited (Clark et 
al., 2006). Thus, traditional instructional strategies have incorporated activities that are short 
and/or segmented to ensure knowledge transfer. One way to do this successfully is through 
“chunking” (Palis & Quiros, 2014).  

Chunking has been used to teach new content to learners through the use of technology 
and tools (Palis & Quiros, 2014). Chunking allows the learner to link new information with 
previous information (Barkle, 2010; Clark et al., 2006). When designing training through 
technology the application of chunking must be deliberate and thoughtful. The use of multiple 
platforms and media to support the learning and opportunities to apply the learning throughout 
the training will help support this challenge. In addition, adding opportunities for immediate 
feedback, even during asynchronous events, will help students master concepts quicker (Conrad 
& Openo, 2018).  

Advantages and Disadvantages for Students 

Many advantages exist for students enrolled in blended learning programs. A few of note 
include flexibility, lower cost, and accessibility of information (Conrad & Openo, 2018; Kastner, 
2019). Research reports that students enjoy the flexibility afforded by allowing learning to occur 
in their own environment (Kastner, 2019; Merriam & Caffarella, 1991). Students have also 
reported cost savings by not requiring them to be onsite at a specific time, including but not 
limited to decreases in transportation (gas, tolls, fees, maintenance, etc.), food costs, living 
expenses (especially if they are maintaining two households), and the cost of textbooks or other 
materials (Kastner, 2018). Access to materials 24/7 affords more opportunities to learn on their 
own time, outside of traditional course hours (Conrad & Openo, 2018). Additionally, as 
previously stated, knowledge retention and gain is often greater when using a blended approach 
(Hung et al., 2010; Kastner, 2019; Kirmizi, 2015; Merriam & Caffarella, 1991).  

Although blended learning shows gains in learning for students, there are also some 
disadvantages including, but not limited to, excessive screen time on digital devices, lack of time 
for social interaction during class, and difficulties with technology (Doan, 2020). Students stated 
that excessive screen time affected their concentration as it was easy to become distracted during 
the learning event (Kastner, 2018). Social interaction was limited in class when students were 
focused on completing activities and learning new content. The lack of engagement between 
students can lead to fewer opportunities for informal learning and sharing of information 
(Conrad & Openo, 2018). Finally, difficulties with technology including inadequate network 
connection speeds and lagging were noted (Doan, 2020; Lieser et al., 2018) 

Limited research is available documenting the impacts of screen time on learning.  
However, factors such as eyestrain (Coles-Brennan et al., 2019; Gon & Rawekar, 2017; 
Siegenthaler et al., 2012; Rosenfield, 2016) and lack of body movements have been researched 
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(Doan, 2020; Seghers et al., 2003). These challenges are impacted further by the size of the 
screen (Coles-Brennan et al., 2019; Gon & Rawekar, 2017; Seghers et al., 2003; Siegenthaler et 
al., 2012). 

Social interaction and a sense of community can be built by providing opportunities for 
break out rooms, small group activities, and ongoing discussions. In addition, research suggests 
e-Learnings designed to provide foundational knowledge should be linked to well-designed 
virtual learning sessions where webinar technology is utilized for participant interaction. This 
interaction can be designed to include participant activities in break-out rooms, small group 
presentations, and multi-level discussions between students and instructors (Kastner, 2018; 
Margolis et al., 2017; McGee & Poojary, 2020).  

Training technology can be unpredictable (Zydney et al., 2018). Difficulties with 
technology include slow download times, difficulty hearing instructors and peers, lack of 
concentration required when using digital training modalities, and struggles with self-discipline 
to complete work timely (Doan, 2020). Posting materials early can help students mitigate slower 
times for downloading, allowing them to work around high internet usage times (Margolis et al., 
2017). Using technology that is flexible and allows for cloud access can also increase internet 
speeds and help with connectivity. Additionally, selecting tools that match the tasks required for 
learning the topic can help students assimilate the information needed for success (Lieser et al., 
2018; Zydney et al., 2018). Students should also be provided with short training activities to 
supplement learning in order to help them stay on tasks. Using engaging practices such as 
polling, group chats, whiteboard exchanges, and breakout rooms can help students stay on task 
(Doan, 2020; Lieser et al., 2018). Considering the student challenges, training designers should 
determine ways to segment asynchronous with synchronous learning to help mitigate some of 
these learning disadvantages (Doan, 2020).  

Instructor Engagement and Preparedness 

Researchers suggest that instructors often struggle in blended learning environments with 
creating a balance between the various learning formats, maintaining high levels of student 
engagement (especially when using online formats), and motivating students to complete 
assignments (Kastner, 2019). Instructors also have difficulty shifting their instructional 
approaches between various modalities (Bliuc et al., 2007).  

Managing the learning environments entails using the online and face-to-face time 
appropriately. Instructors value the online environment as an opportunity to deliver information 
using videos and other assessments for knowledge acquisition and retention (Conrad & Openo, 
2018; Kastner, 2019). Face-to-face time is reserved for sharing expert knowledge and 
collaborating with students to scaffold information (Kastner, 2019). Instructors were less likely 
to identify individual differences in student’s ability and treat the student autonomously in the 
online environment than during face-to-face sessions (Kastner, 2019). Learning events were 
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viewed as unique, stand-alone learning opportunities not considering the requirement for creating 
linkages and assimilation of information across the modalities (Bliuc et al., 2007).  

For blended learning to be successful, instructors must adopt and buy-into the concept of 
blending curriculum across modalities for student success (Kastner, 2019). One way this can 
occur is by creating an environment that is interactive, designed to maximize student engagement 
(Lee, 2010). Instructors should work to incorporate current material and experience when 
teaching. Additionally, activities should be designed to support the application of these principles 
and collaborate to create community learning (Kastner, 2019).  

 Instructors should also be forthcoming of the course expectations and requirements for 
blending the material at the beginning of the program (Lieser et al., 2018). Level setting with the 
learners will allow them to create a schedule supporting motivation and SDL (Margolis et al., 
2017). Utilizing a webinar, if the course or program utilizes technology as the first face-to-face 
instruction, at the beginning of the program to provide a clear overview of the program will help 
students feel connected, increasing SDL (Kastner, 2019).  

 Instructor support is needed to be able to learn how to teach using technology. This 
requires an investment from the instructor as well as the organization. Learning the technology in 
order to successfully utilize the modalities for teaching requires that instructors are trained on the 
functionalities of the technology (Zydney, et al., 2018). Additionally, mastering the learning 
environments will require additional support, especially for instructors who have primarily 
taught using traditional educational principles (Bell et al., 2014; Ocak, 2011). Support should 
include employing co-instructors and technology support technicians (McGee & Poojary, 2020). 
During online training events, support personnel can help mitigate workload on the instructor 
and make the experience more valuable for the learner (Kastner, 2019; McGee & Poojary, 2020; 
Zydney et al., 2018). In addition, instructors should learn the facilitation skills for each platform 
and training modality as the required skills may differ across platforms (Kastner, 2019; Zydney 
et al., 2018).  

Best Practices and Recommendations 

 A thorough review of the literature has been provided in order to document the best 
practices for creating a blended learning program that will meet the need of students and 
instructors. Specifically, recommendations for training design, tools and technology, students, 
and instructors have been described to help guide the creation of a blended learning program. 
This list is not all inclusive as each training program has unique challenges and opportunities. 
Flexibility in implementing these recommendations is anticipated.  

Training Design  

• Promote collaborative and participatory learning activities by designing synchronous 
and asynchronous learning such as discussion boards, video chats, recorded lectures, 
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and breakout rooms for small group discussion (Fung, 2004; Gros & García-Peñalvo, 
2016) 

• Provide practice opportunities, such as quizzes or assignments, to allow students to 
assess their knowledge and track their learning progress (Sitzmann et al., 2006)  

• Generate short learning videos (micro-learning <6 minutes) to reduce cognitive load 
and contribute to the retention of learning (Afify, 2020; Gon & Rawekar, 2017)  

• Practice scenarios should be constructed to elicit desired knowledge and skills (Salas 
& Burke, 2002) 

• Identify complexity of content areas before deciding on the appropriate delivery 
method (i.e. more complex areas may need more guidance from an instructor) 
(Hrastinski, 2004) 

• Instructional strategies, including demonstration, deliberate practice, and feedback, 
must be integrated to create a meaningful learning environment (Gegenfurtner et al., 
2014)  

• Assessment matching real-world tasks should be used to engage students in order to 
make connections with the tasks and skills allowing the learner to identify multiple 
solutions to a problem or scenario (Conrad & Openo, 2018) 

Tools and Technology 

• Identify and beta-test user-friendly tools with the minimum level of functionality 
needed to support the instruction (i.e. breakout rooms, audio/visual capabilities, 
embedded content or videos, etc.) (Zydney et al., 2018) 

• Choose technology that is flexible and can be accessed by various devices (Conrad & 
Openo, 2018; Margolis et al., 2017)  

• Bandwidth and internet connectivity should be considered when selecting tools 
(Zydney et al., 2018; Alonso et al., 2005) 

• Review tools implemented to ensure the selected tool is providing the appropriate 
information and solution for students as open-source applications allowing anyone to 
change, adapt, or modify information presented as factual (Kamel Boulos et al., 2006) 

Students  

• Allow opportunities for students to take personal responsibility for their own learning 
and mastery of new skills (Kastner, 2019)  

• Provide opportunities for students to participate in social communities (formal and 
informal) to support growth and interaction (Conrad & Openo, 2018) 

• Utilize the best tools for learning, allowing for collaboration and engagement 
throughout the training program (Kastner, 2019) 

• Make students responsible for completing some of the work on their own, with little 
input or feedback from the instructor followed by instructor assessment supporting 
SDL (Alonso et al., 2005) 
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Instructors  

• Create and encourage collaboration and interaction between the student and 
theinstructor within the program (Conrad & Openo, 2018; Kastner, 2019). 

• Encourage autonomy of students by asking for volunteers, allowing students to 
choose which topics they are most comfortable with presenting during break out 
groups or presentations choices of topics for discussion, and activity participation 
(Conrad & Openo, 2018; Kastner, 2019) 

• Utilize authentic assessments for student measures of learning tied directly to tasks or 
skills required for the job (Conrad & Openo, 2018) 

• Attend professional development opportunities to use the technology appropriately 
and to support facilitation skills for blended learning environments (Kastner, 2019) 

• Redirect conversations, chats, or group activities when the information is off topic or 
incorrect (Alonso et al., 2005) 

• Avoid providing too much information at once or flooding students with messages 
even though the technology is available (Gon & Rawekar, 2017) 

• Provide opportunities to engage students in small group sessions and breakout rooms, 
allowing for authentic assessment to occur (Conrad & Openo, 2018) 

Additional Considerations 

 In order to document the success of training a few additional considerations should be 
made including costs and return-on-investment (ROI). Creating a comprehensive training 
evaluation strategy for any new program rollout and implementation should be completed in 
order to ensure the objectives taught are translated into on-the-job performance. Training costs 
should also be considered as implementing new programs, focusing on technology, can be costly 
and may lead to a minimal ROI.  

Training Evaluation 

In addition to the best practices and recommendations provided, formal evaluation 
methods should be used to assess the effectiveness of any training program. Training evaluation, 
or the collection of information, should be implemented to determine if the training objectives 
are achieved and/or the on-the-job performance is improved (Salas et al., 2012). Additional data 
should be collected on the needs for supporting the implementation of training technologies in 
order to assess if the environments and modalities were designed to complement the tools and 
technology in which they were delivered. Student and instructor experiences should also be 
collected for a comprehensive analysis of the training. 

Training Costs and Return-On-Investment 

Decisions regarding training must also account for cost and available resources. The 
research literature suggests that training using training technologies tends to be more expensive 
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to develop than traditional classroom training (Welsh et al., 2003). Online training requires 
substantial investment given the software and hardware expenses (Reynolds et al., 2014). 
Interactive game-based and simulation trainings are typically more expensive than other 
technology-based formats as well (e.g., web-based). However, the cost of simulation training can 
be reduced by investing in low-fidelity as opposed to high-fidelity simulation devices and in 
part-task trainers as opposed to whole-task (i.e., full mission) simulators with little to no impact 
on the efficacy of the training (Salas et al., 2008). Importantly, the design of the training course 
substantially influences the cost of training as well, not just the technology (Updegrove & Jafer, 
2017).  

 While training technologies may be more expensive on the front-end, research notes 
long-term savings occur once the course has been developed. Online learning, for instance, can 
reduce several classroom costs associated with traditional, in-person training, including resource 
costs and printing expenses (Welsh et al., 2003). In particular, courses that (a) have a large 
number of enrollees, (b) will be repeated several times, and (c) include learners that are 
geographically dispersed will see the most cost benefits from online training (Welsh et al., 2003). 
However, considerations should also be made for the type of training conducted, the need for 
specific skill acquisition, and the opportunities to properly assess student learning in real-time 
(Conrad & Openo, 2018).  

Conclusions 

Overall, this literature review serves as a first step to introduce some factors that will 
contribute to the successful implementation of a blended learning program. Training design 
requirements, availability and usability of tools and technology for online environments, student, 
and instructor needs have all been introduced. Best practices and recommendations for creating a 
comprehensive learning program have also been provided based on current literatures. While the 
research literature reviewed in this report provides suggestions for how to implement and design 
blended learning, the evaluation of trainings during and after implementation is just as important. 
Designing formal evaluation and validation for these new training technologies can provide the 
FAA with information about the effectiveness of blended learning at the FAA Academy. 

  



17 
 

References 

Afify, M. K. (2020). Effect of interactive video length within e-learning environments on 
cognitive load, cognitive achievement, and retention of learning. Turkish Online Journal 
of Distance Education, 21(4), 68-89. https://doi.org/10.17718/tojde.803360 

Allen, I. E., & Seaman, J. (2004). Entering the mainstream: The quality and extent of online 
education in the United States, 2003 and 2004. The Sloan Consortium.  

Allen, I. E., Seaman, J., & Garrett, R. (2007). Blending in: The extent and promise of blended 
education in the United States. The Sloan Consortium.  

Alonso, F., López, G., Manrique, D., & Viñes, J. M. (2005). An instructional model for web-
based e-learning education with a blended learning process approach. British Journal of 
Educational Technology, 36(2), 217-235. https://doi.org/10.1111/j.1467-
8535.2005.00454.x 

Barkle, E. F. (2010). Student engagement techniques: A handbook for college faculty. (Ed.) 
Jossey-Bass.  

Bell, B. S., Kanar, A. M., & Kozlowski, S. W. (2008). Current issues and future directions in 
simulation-based training in North America. The International Journal of Human 
Resource Management, 19(8), 1416-1434. https://doi.org/10.1080/09585190802200173 

Bell, J., Sawaya, S., & Cain, W. (2014). Synchromodal classes: Designing for shared learning 
experiences between face-to-face and online students. International Journal of Designs 
for Learning, 5(1), 68-82. http://doi.org/10.14434/ijdl.v5i1.12657 

Bliuc, A. M., Goodyear, P., & Ellis, R. (2007). Blended learning in higher education: How 
students perceive integration of face-to-face and online learning experiences in a foreign 
policy course. In M. Delvin, J. Nagy, and A. Lichtenberg (Eds.) Research and 
development in higher education: Reshaping higher education. McGowan. 

Boulos, M.N.K., Maramba, I. & Wheeler, S. (2006) Wikis, blogs and podcasts: a new generation 
of Web-based tools for virtual collaborative clinical practice and education. BMC Med 
Educ 6(41). https://doi.org/10.1186/1472-6920-6-41 

Bower, M., Dalgarno, B., Kennedy, G., Lee, M. J. W., & Kenney, J. (2014). Blended 
synchronous learning – A handbook for educators. Office of Learning and Teaching. 

Brown, K. G., Howardson, G., & Fisher, S. L. (2016). Learner control and e-learning: Taking 
stock and moving forward. Annual Review of Organizational Psychology and 
Organizational Behavior, 3, 267-291. https://doi.org/10.1146/annurev-orgpsych-041015-
062344 

https://doi.org/10.17718/tojde.803360
https://doi.org/10.1111/j.1467-8535.2005.00454.x
https://doi.org/10.1111/j.1467-8535.2005.00454.x
https://doi.org/10.1080/09585190802200173
http://doi.org/10.14434/ijdl.v5i1.12657
https://doi.org/10.1146/annurev-orgpsych-041015-062344
https://doi.org/10.1146/annurev-orgpsych-041015-062344


18 
 

Brudnicki, D., Ethier, B., & Chastain, K. (2006). Application of advanced technologies for 
training the next generation of air traffic controllers. MITRE Corporation.  

Buck, J., & Pierce, L. (2018). Understanding the air traffic control field training process from 
the perspective of the developmental controller (Report No. DOT/FFA/AM-18/13). 
Washington, DC: Federal Aviation Administration. 

Caulfield, J. (2012). How to design and teach a hybrid course: Achieving student-centered 
learning through blended classroom, online and experiential activities. Stylus Publishing. 

Clark, R., Nguyen, F., & Sweller, J. (2006). Efficiency in learning. Evidence-based Guidelines to 
Manage Cognitive Load. Pfeiffer. 

Coffey, L., & Davis, A. (2019). The holistic approach to academia: Traditional classroom 
instruction and experiential Learning of Student-Athletes, Education Sciences, 9(125), 1-
23. https://doi.org/10.3390/educsci9020125 

Coles-Brennan, C., Sulley, A., & Young, G. (2019). Management of digital eye strain. Clinical 
and Experimental Optometry, 102, 18-29.  

Conrad, D., & Openo, J. (2018). Assessment strategies for online learning: Engagement and 
authenticity. AU Press.  

Darkenwald, G. G., & Merriam, S. B. (1982). Adult education: Foundations of practice. Harper 
& Row. 

DeRouin, R. E., Fritzsche, B. A., & Salas, E. (2004). Optimizing e‐learning: Research‐based 
guidelines for learner‐controlled training. Human Resource Management, 43(2-3), 147-
162. https://doi.org/10.1002/hrm.20012 

Dexter, E. G. (1919). History of education in the United States. MacMillan Co. 

Doan, T. H. D. (2020). The advantages and disadvantages of virtual learning. IOSR Journal of 
Research and Method in Education, 10(3), 45-48. 

Federal Aviation Administration. (2019). Air traffic controller workforce plan 2019-2028. 
Washington, DC: Federal Aviation Administration. Retrieved from 
https://www.faa.gov/air_traffic/publications/controller_staffing/ 

Fenwick, T. J., & Parsons, J. (2009). The art of evaluation: A resource for educators and 
trainers (2nd ed.). Thompson Educational Publishing. 

Fung, Y. Y. H. (2004). Collaborative online learning: Interaction patterns and limiting 
factors. Open Learning: The Journal of Open, Distance and e-Learning, 19(2), 135-149. 
https://doi.org/10.1080/0268051042000224743 

https://doi.org/10.3390/educsci9020125
https://doi.org/10.1002/hrm.20012
https://doi.org/10.1080/0268051042000224743


19 
 

Gegenfurtner, A., Quesada‐Pallarès, C., & Knogler, M. (2014). Digital simulation‐based 
training: A meta‐analysis. British Journal of Educational Technology, 45(6), 1097-1114. 
https://doi.org/10.1111/bjet.12188 

Goldin, C. (1999, August). A brief history of education in the United States (NBER Historical 
Working Paper No. 0119). National Bureau of Economic Research. 
http://doi.org/10.3386/h0119 

Gon, S., & Rawekar, A. (2017). Effectivity of e-learning through Whatsapp as a teaching 
learning tool. MVP Journal of Medical Sciences, 4(1), 19-25. 
http://dx.doi.org/10.18311/mvpjms/0/v0/i0/8454 

Gros, B., & García-Peñalvo, F. J. (2016). Future trends in the design strategies and technological 
affordances of e-learning. Learning, Design, and Technology: An International 
Compendium of Theory, Research, Practice, and Policy, 1-23. 

Hays, R. T. (2005). The effectiveness of instructional games: A literature review and 
discussion (Report No. NAWCTSD-TR-2005-004). Orlando, FL: Naval Air Warfare 
Center Training Systems Division. 

Holden, J. T., & Westfall, P. J. (2006). An instructional media selection guide for distance 
learning. Boston: United States Distance Learning Association. 

Hrastinski, S. (2008). Asynchronous and synchronous e-learning. Educause Quarterly, 31, 51-
55. 

Hrastinski, S. (2019). What do you mean by blended learning? TechTrends 63, 564–569. 
https://doi.org/10.1007/s11528-019-00375-5 

Hung, M. L., Chou, C., Chen, C. H. & Own, Z. Y. (2010). Learner readiness for online learning: 
Scale development and student perceptions. Computers & Education, 55(3), 1080-1090 

Jones, M. J. (2001). Just-in-time training. Advances in Developing Human Resources, 3, 480-
487. 

Kamel Boulos, M. N., Maramba, I., & Wheeler, S. (2006). Wikis, blogs and podcasts: A new 
generation of Web-based tools for virtual collaborative clinical practice and education. 
BMC Medical Education, 6(41), 1-8. http://www.biomedcentral.com/1472-6920/6/41 

Kastner, J. A. (2019). Blended learning: Moving beyond the thread, quality of blended learning 
and instructor experiences [Doctoral dissertation, Centenary University]. 
http://hdl.handle.net/20.500.11977/1009 

Kastner, J. A. (2020). Blended learning: Moving beyond the thread quality of blended learning 
and instructor experiences. Journal of Educators Online, 17(2), 1-18.  

https://doi.org/10.1111/bjet.12188
http://doi.org/10.3386/h0119
http://dx.doi.org/10.18311/mvpjms/0/v0/i0/8454
https://doi.org/10.1007/s11528-019-00375-5
http://www.biomedcentral.com/1472-6920/6/41
http://hdl.handle.net/20.500.11977/1009


20 
 

Kim, H. B., Fisher, D., & Fraser, B. J. (2000). Classroom environment and teacher interpersonal 
behaviour in secondary science classes in Korea. Evaluation & Research in Education, 
14(1), 3-22. https://doi.org/10.1080/09500790008666958 

Kirmizi, O. (2015). The influence of learner readiness on student satisfaction and academic 
achievement in an online program at higher education. Turkish Online Journal of 
Educational Technology, 14(1), 133-142.  

Koc, S. E. (2019). The relationship between emotional intelligence, self-directed learning 
readiness, and achievement. International Online Journal of Education and Teaching 
(IOJET), 6(3), 672-688. http://iojet.org/index.php/IOJET/article/view/568 

Korteling, J. E., Helsdingen, A. S., & Theunissen, N. C. M. (2013). Serious gaming @ work: 
Learning job-related competencies using serious games. In A. Bakker & D. Derks (Eds.), 
The psychology of digital media @ work (pp. 123-144). Taylor & Francis Group.  

Knowles, M. S. (1975). Self-Directed Learning: A guide for learners and teachers. Association 
Press. 

Knowles, M. S. (1980). The modern practice of adult education: From pedagogy to andragogy. 
Association Press. 

Kunkler, K. (2006). The role of medical simulation: an overview. The International Journal of 
Medical Robotics and Computer Assisted Surgery, 2(3), 203-210. 
https://doi.org/10.1002/rcs.101 

Landers, R. N. (2014). Developing a theory of gamified learning: Linking serious games and 
gamification of learning. Simulation & Gaming, 45(6), 752-768. 
https://doi.org/10.1177/1046878114563660 

Lee, J. (2010). Design of blended training for transfer into the workplace. British Journal of 
Educational Technology, 41(2), 181-198. https://doi.org/10.1111/j.1467-
8535.2008.00909.x 

Lieser, P., Taff, S. D., Murphy-Hagan, A. (2018). The webinar integration tool: A framework for 
promoting active learning in blended environments. Journal of Interactive Media in 
Education, 2018(1), 1-8. https://doi.org/10.5334/jime.453 

Long, H. B. (1992). Learning about self-directed learning. In H. B. Long & Associates, Self-
directed learning: Application and research (pp.1-8). Oklahoma Research Center for 
Continuing Professional and Higher Education. 

Margolis, A. R., Porter, A. L., & Pitterle, M. E. (2017). Best practices for use of blended 
learning. American Journal of Pharmaceutical Education, 81(3), 1-8. 
https://doi.org/10.5688/ajpe81349 

https://doi.org/10.1080/09500790008666958
http://iojet.org/index.php/IOJET/article/view/568
https://doi.org/10.1002/rcs.101
https://doi.org/10.1177/1046878114563660
https://doi.org/10.1111/j.1467-8535.2008.00909.x
https://doi.org/10.1111/j.1467-8535.2008.00909.x
https://doi.org/10.5334/jime.453
https://doi.org/10.5688/ajpe81349


21 
 

McGee, E., & Poojary, P. (2020). Exploring blended learning relationships in higher education 
using a systems-based framework. Turkish Online Journal of Distance Education, 21(4), 
1-13. https://doi.org/10.17718/tojde.803343 

McGrath, V. (2009). Reviewing the evidence of how adult students learn: An examination of 
Knowles’ Model of Andragogy. The Irish Journal of Adult and Community Education, 
99-110.  

McLean, G. M. T., Lambeth, S., & Mavin, T. (2016). The use of simulation in ab initio pilot 
training. The International Journal of Aviation Psychology, 26(1-2), 36-45. 
https://doi.org/10.1080/10508414.2016.1235364 

Merriam, S. B. (2001). Andragogy and Self-Directed Learning: Pillars of Adult Learning 
Theory. New Directions for Adult & Continuing Education, 2001(89), 3-14. 
https://doi.org/10.1002/ace.3 

Merriam, S. B., & Caffarella, R. S. (1991). Learning in adulthood. Jossey-Bass.  

Moskaliuk, J., Bertram, J., & Cress, U. (2013). Training in virtual environments: Putting theory 
into practice. Ergonomics, 56(2), 195-204. 
https://doi.org/10.1080/00140139.2012.745623 

Ocak, M. A. (2011). Why are faculty members not teaching blended courses? Insights from 
faculty members. Computers & Education, 56(3), 689-699. 
http://doi.org/10.1016/j.compedu.2010.10.011 

Olah, Z. (2020). Game thinking: From content to actions (Sample Chapter). TD at Work, 37, 1-3. 

Özüdoğru, M., & Aksu, M. (2020). Pre-service teachers’ achievement and perception of the 
classroom environment in flipped learning and traditional instruction classes. 
Australasian Journal of Educational Technology, 36(4), 27-43. 
https://doi.org/10.14742/ajet.5115 

Palis, A. G., & Quiros, P. A. (2014). Adult learning principles and presentation pearls. Middle 
East African Journal of Ophthalmology, 21(2), 114–122. https://doi.org/10.4103/0974-
9233.129748 

Pape, L. (2010). Blended teaching and learning. Education Digest: Essential Readings 
Condensed for Quick Review, 76(2), 22-27. 

Prohorets, E., & Plekhanova, M. (2015). Interaction intensity levels in blended learning 
environment. Procedia – Social and Behavioral Sciences, 174, 3818-3823. 
http://doi.org/10.1016/j.sbspro.2015.01.1119 

https://doi.org/10.17718/tojde.803343
https://doi.org/10.1080/10508414.2016.1235364
https://doi.org/10.1002/ace.3
https://doi.org/10.1080/00140139.2012.745623
http://doi.org/10.1016/j.compedu.2010.10.011
https://doi.org/10.14742/ajet.5115
https://doi.org/10.4103/0974-9233.129748
https://doi.org/10.4103/0974-9233.129748
http://doi.org/10.1016/j.sbspro.2015.01.1119


22 
 

Reychav, I., & Wu., D. (2015). Mobile collaborative learning: The role of individual learning in  
groups through text and video content delivery in tablets. Computers in Human Behavior, 
50, 20-534. http://doi.org/10.1016/j.chb.2015.04.019 

Reynolds K., Becker K., Fleming J. (2014) Contemporary Challenges in E-learning. In: 
Harris R., Short T. (eds) Workforce Development. https://doi.org/10.1007/978-981-
4560-58-0_15 

Rosenfield, M. (2016). Computer vision syndrome (a.k.a. digital eye strain). Optometry in 
Practice, 17(1), 1-10.  

Salas, E., Rosen, M. A., Held, J. D., & Weissmuller, J. J. (2009). Performance measurement in 
simulation-based training: A review and best practices. Simulation & Gaming, 40(3), 
328-376. https://doi.org/10.1177%2F1046878108326734 

Salas, E., Tannenbaum, S. I., Kraiger, K., & Smith-Jentsch, K. A. (2012). The science of training 
and development in organizations: What matters in practice. Psychological Science in the 
Public Interest, 13(2), 74-101. https://doi.org/10.1177/1529100612436661 

Salas, E., Wildman, J. L., & Piccolo, R. F. (2009a). Using simulation-based training to enhance 
management education. Academy of Management Learning & Education, 8(4), 559-573. 
https://doi.org/10.5465/amle.8.4.zqr559 

Schultheis, S. (2014). Integrating advanced technology into air traffic controller training. 
MITRE Corporation. Retrieved from https://www.mitre.org/publications/technical-
papers/integrating-advanced-technology-into-air-traffic-controller-training 

Seghers, J., Jochem, A. & Spaepen, A. (2003). Posture, muscle activity and muscle fatigue in 
prolonged VDT work at different screen height settings. Ergonomics, 46(7), 714-730. 
https://doi.org/10.1080/0014013031000090107 

Siegenthaler, E., Bochud, Y., Bergamin, P., & Wurtz, P. (2012). Reading on LCD vs e‐Ink 
displays: Effects on fatigue and visual strain. Ophthalmic and Physiological 
Optics, 32(5), 367–374. http://doi.org/10.1111/j.1475-1313.2012.00928.x 

Sitzmann, T., Kraiger, K., Stewart, D., & Wisher, R. (2006). The comparative effectiveness of 
web‐based and classroom instruction: A meta‐analysis. Personnel Psychology, 59(3), 
623-664. https://doi.org/10.1111/j.1744-6570.2006.00049.x 

Stein, J., & Graham, C. R. (2014). Essentials for blended learning. Routledge.  

Sung, Y. T., Chang, K. E., Liu, T. C. (2016). The effects of integrating mobile devices with 
teaching and learning on students’ learning performance: A meta-analysis and research 
synthesis. Computers & Education, 94, 252-275. 
https://doi.org/10.1016/j.compedu.2015.11.008 

http://doi.org/10.1016/j.chb.2015.04.019
https://doi.org/10.1007/978-981-4560-58-0_15
https://doi.org/10.1007/978-981-4560-58-0_15
https://doi.org/10.1177%2F1046878108326734
https://doi.org/10.1177/1529100612436661
https://doi.org/10.5465/amle.8.4.zqr559
https://www.mitre.org/publications/technical-papers/integrating-advanced-technology-into-air-traffic-controller-training
https://www.mitre.org/publications/technical-papers/integrating-advanced-technology-into-air-traffic-controller-training
https://doi.org/10.1080/0014013031000090107
http://doi.org/10.1111/j.1475-1313.2012.00928.x
https://doi.org/10.1111/j.1744-6570.2006.00049.x
https://doi.org/10.1016/j.compedu.2015.11.008


23 
 

Updegrove, J. A., & Jafer, S. (2017). Optimization of air traffic control training at the Federal 
Aviation Administration academy. Aerospace, 4(4), 1-12. 
https://doi.org/10.3390/aerospace4040050 

Vandercruysse, S., Vandewaetere, M., & Clarebout, G. (2012). Game-based learning: A review 
on the effectiveness of educational games. In M. M. Cruz-Cunha (Ed.), Handbook of 
research on serious games as educational, business and research tools (pp. 628-647). 
IGI Global. 

Vu, J. (2013). Basic vectoring game field evaluation report (Report No. MP130080). 
Washington, DC: MITRE Corporation. 

Welsh, E. T., Wanberg, C. R., Brown, K. G., & Simmering, M. J. (2003). E‐learning: Emerging 
uses, empirical results and future directions. International Journal of Training and 
Development, 7(4), 245-258. https://doi.org/10.1046/j.1360-3736.2003.00184.x 

Wibawa, B., & Kardipah, S. (2018). The flipped-blended model for STEM education to improve 
students’ performances. International Journal of Engineering and Technology, 7(2.29), 
1006-1009. http://dx.doi.org/10.14419/ijet.v7i2.29.14298 

Williams-Bell, F. M., Kapralos, B., Hogue, A., Murphy, B. M., & Weckman, E. J. (2015). Using  
serious games and virtual simulation for training in the fire service: A review. Fire 
Technology, 51, 553-584. 

Yamagata-Lynch, L. C. (2014). Blending online asynchronous and synchronous learning. The 
International Review of Research in Open and Distance Learning, 15(2), 188-212. 
https://doi.org/10.19173/irrodl.v15i2.1778 

Yu, Z. (2019). A meta-analysis of use of serious games in education over a decade. International 
Journal of Computer Games Technology, 1-8. https://doi.org/10.1155/2019/4797032 

Zappe, S., Leicht, R., Messner, J., Litzinger, T., & Lee, H. W. (2009). “Flipping” the classroom 
to explore active learning in a large undergraduate course. American Society for 
Engineering Education Annual Conference & Exposition.  

Zhang, D., & Nunamaker, J. F. (2003). Powering e-learning in the new millennium: An overview 
of e-learning and enabling technology. Information Systems Frontiers, 5(2), 207-218. 
https://doi.org/10.1023/A:1022609809036 

Zydney, J. M., McKimmy, P., Lindberg, R., & Schmidt, M. (2018). Here or there instruction: 
Learned in implementing innovative approaches to blended synchronous learning. Tech 
Trends: Linking Research and Practice to Improve Learning, 63(2), 123-132. 
https://doi.org/10.1007/s11528-018-0344-z  

 

https://doi.org/10.3390/aerospace4040050
https://doi.org/10.1046/j.1360-3736.2003.00184.x
http://dx.doi.org/10.14419/ijet.v7i2.29.14298
https://doi.org/10.19173/irrodl.v15i2.1778
https://doi.org/10.1023/A:1022609809036
https://doi.org/10.1007/s11528-081-0344-z

	Acknowledgments
	List of Acronyms
	List of Tables
	Introduction
	Adult Learning Theories
	Andragogy
	The Model of Andragogy

	Self-Directed Learning

	Blended Learning
	Synchronous Learning
	Asynchronous Learning

	Training Environments and Modalities
	Classroom Environment
	Online Environment
	e-Learning
	Virtual Learning
	Games
	Simulations


	Training Design
	Tools and Technology
	Advantages and Disadvantages for Students
	Instructor Engagement and Preparedness
	Best Practices and Recommendations
	Training Design
	Tools and Technology
	Students
	Instructors

	Additional Considerations
	Training Evaluation
	Training Costs and Return-On-Investment

	Conclusions
	References

