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ABSTRACT 

The purpose of this study was to explore and describe the experiences and perceptions 

that second year radiologic technology students had of simulation-enhanced educational 

activities at a large, urban community college in the southeast of Texas.  This study 

focused on the experiences that second-year students had with simulation during their 

enrollment in a radiologic technology program, and their perceptions regarding the 

acquisition of knowledge, communication skills, and psychomotor abilities from 

simulation-enhanced activities.  Additionally, the study explored how participating 

students perceived the usefulness of simulation activities in relation to the application of 

concepts and theories of radiologic technology in the clinical setting. 

Simulation is a teaching technique that establishes a learning environment that is 

analogous to a clinical setting without endangering patient health or safety.  Simulation 

techniques can provide students with opportunities to learn in the cognitive, affective, and 

psychomotor domains.  Understanding the perceptions and experiences students express 

of simulation-enhanced activities may provide educators with the insight of the overall 

student satisfaction with this teaching technique. 

This qualitative study incorporated a collective case study research design to aid 

higher education institutions in understanding student perceptions and experiences related 

to the use of simulation-enhanced educational activities in radiologic technology 

programs.  Data collection for this study included semi-structured interviews from 12 

participants. In addition, field notes, documents such as institutional data and reflexive 

journaling were used to support the study.  Open coding and triangulation methods were 
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used to analyze the data.  The data collected was used to address the research questions 

that guided this study. 

The findings of this study indicate that participation in simulation-enhanced 

education can be adapted to different courses of study and have a positive impact on 

aspects of student learning such as practicing and complimenting student learning styles.  

Additionally, the findings show that simulation-enhanced education activities help 

students acquire knowledge, understand complex material, develop appropriate 

communication skills and hone psychomotor abilities.  Participation in simulation-

enhanced education was also found to increase student confidence, facilitated the 

application of skills in the clinical setting, and helped students scaffold information.  

Increasing the understanding of student perceptions will guide and assist community 

college administrators in determining the most appropriate response to implementing 

simulation-enhanced education as an instructional method.  

The findings led to several implications for higher education practice.  First, there 

is a diverse use of simulation-enhanced educational activities in radiologic technology 

education and participation in simulation activities had a positive impact on aspects of 

student learning.  The second implication is that simulation helped students learn in the 

cognitive, affective and psychomotor domains. The third implication for higher education 

practice is that simulation-enhanced activities help to build confidence in learners and 

that earned confidence is transferred into clinical application.   

The implications led to several recommendations for higher education practice. 

The first recommendation for higher education practice is for institutions, administrators, 

and faculty to evaluate existing programs by analyzing the curriculum to identify areas 
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that may benefit from the integration of simulation activities.  The second 

recommendation for higher practice is that institutions and administrators should 

establish a financial plan that allocates resources for the purchase and maintenance of 

dedicated equipment and technology needed to conduct simulation-enhanced educational 

activities.  The third recommendation for higher education practice is that institutions, 

administrators, and programs of study should compare the used of simulation to student 

success measures such as course completion, graduation rates, and graduate 

employability. 

The findings of this study suggest the need for future research.  First, a study that 

could further the knowledge of simulation-enhanced educational activities is a qualitative 

study that explores faculty perceptions of and experiences with the use of simulation in 

radiologic technology education.  Second, a qualitative study that explores the 

relationship between simulation and different learning styles could help identify if there 

is a relationship between specific learning styles and the use of simulation.  Third, a 

quantitative study that compares the most common learning styles of radiologic 

technology students could identify if there is a strong tendency towards a specific 

learning style.  A final recommendation for future research is a mixed methods study 

incorporating statistical trends along with the personal experiences of graduate radiologic 

technology students in their first -year transitioning into the profession of radiologic 

technology.      
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CHAPTER I 

INTRODUCTION 

The U.S. Department of Labor projects that the national job growth rate for 

radiologic technologists between 2012 and 2022 will increase by 21% (Bureau of Labor 

Statistics, 2013).  This growth rate is greater than the average growth rate expected for 

other occupations in allied health, such as medical laboratory technology and surgical 

technology (Bureau of Labor Statistics, 2013).  According to the Texas Workforce 

Commission Report on Texas Growth Occupations (2013), the growth rate for radiologic 

technologists in the state of Texas between the years 2012 and 2022 is expected to be 

31.3%.   

In order to successfully address the workforce needs for radiologic technologists, 

an evaluation of the learning environments of these programs needs to be explored.  

Creating an educational environment and providing the conditions in which an individual 

can learn are as important as the object of the lesson (Pew, 2007). Traditional educational 

practices, such as lectures and multiple-choice examinations remain common forms of 

instructional delivery and student evaluation, respectively (Yoders, 2014).  There is a 

significant interest in education, in general, and in higher education, in particular, on the 

use of instructional technology to enhance the delivery of instruction (Bradley, 2006; 

Ertmer et al., 2010; Topper & Powers, 2013).    Advances in technology have allowed 

institutions of higher education to provide learning opportunities and instructional 

methods that meet the needs of adult and non-traditional students (Daher & Lazarevic, 

2014; Peppers, 2016). 
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As a part of the study of education, instructional technology is a field of study that 

focuses on the theory and practice of instructional design along with the incorporation of 

educational material resources that facilitates student success and improved learning 

(Guo, Zhang, & Guo, 2016).   The use of instructional methods that rely on educational 

technologies is expected to increase as students and society come to rely on and expect 

the connectivity and instantaneous access to electronic information (McGahan et al., 

2015; Peppers, 2016).  Contemporary adult learners are generally proficient in their use 

of technology and electronic communication (Daher & Lazarevic, 2014; Fenton & 

Watkins, 2014). Studies on instructional technology and student academic success, seem 

to suggest that instructional delivery methods, as well as the learning environment, 

including simulation environments, often influence students’ motivation to learn and 

become self-regulated learners (Brydges, Nair, Ma, Shanks, & Hatala, 2012; Franzoni & 

Assar, 2009; Jenkins, 2015; Pew, 2007).  Of specific focus in this study is the use of 

instructional technologies, specifically simulations, in radiologic technology programs.  

Radiologic Technology Programs 

The American Society of Radiologic Technologists ([ASRT], 2015) establishes 

and publishes the professional curriculum for radiologic technology programs.  

Completion of a radiologic technology program, following the professional curriculum, 

may take up to 24 months and most commonly results in an associate degree (Joint 

Review Committee on Education in Radiologic Technology (JRCERT, 2015).  The 

professional curriculum developed by the ASRT provides a framework for institutions to 

structure their educational programs; however, individual programs and instructors are 

allowed academic freedom in determining the best method by which to achieve those 
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educational standards (ASRT, 2015). 

Radiologic technology programs are often offered at community colleges or four-

year colleges and universities (JRCERT, 2015). Graduates of accredited radiologic 

technology programs are required to complete clinical competencies and sit for a national 

certification exam before they can enter the workforce (American Registry of Radiologic 

Technologists (ARRT),2015.  More specifically, graduates must demonstrate mastery of 

six general patient care competencies, 31 mandatory imaging procedure competencies, 

and 15 elective imaging procedure competencies (ARRT).  The ARRT certification exam 

is composed of four categories that include: (1) safety and radiation protection, (2) image 

acquisition and evaluation, (3) imaging procedures, and (4) patient care and education. 

The work of a radiologic technologist involves using radiation to create medical 

images and as such, the educational process requires that students be able to manipulate 

and experiment with different types of x-ray equipment and practice radiographic 

positioning (ARRT, 2015).  In order to fulfill these requirements, a radiologic technology 

program must either have an energized laboratory with an x-ray machine that is capable 

of producing radiation and an assortment of radiographic phantoms or offer students 

opportunities to practice on live patients (Holmstrom & Ahonen, 2016).  Simulation-

enhanced educational activities such as role-play, the use of non-interactive radiographic 

phantoms, and three-dimensional models are often incorporated in radiologic technology 

education to enable students to practice in a safe environment where they do not endanger 

themselves or patients.  

In the field of medical imaging, radiologic technologists are medical professionals 

who use ionizing radiation to produce medical images that are interpreted to help make a 
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diagnosis (ARRT, 2015).  The radiation used to generate most medical images is 

considered to be safe, however, radiation interacts with human tissue in a random manner 

and any amount of radiation may cause damage (Bushong, 2014).  Best practices, such as 

precise patient positioning, gonadal shielding, and limiting the number of repeat 

exposures in radiologic technology are designed to limit the amount of radiation a patient 

receives (Bushong, 2014).  To that end, educational programs must provide a mechanism 

for student learning that protects them from harming themselves or any patient 

(Cunningham, Wright, & Baird, 2015).  The use of simulation-enhanced educational 

activities in radiologic technology education allows students to master skills that can be 

applied in a clinical setting, reducing the likelihood of repeat exposures and thus reduce 

the exposure to ionizing radiation to patients.  The effects of ionizing radiation, according 

to Bushong (2014), are cumulative and follow a linear, non-threshold relationship in 

which any amount of radiation may cause damage and as the exposure increases, the 

possibility of damage from radiation increases as well.    

Critical thinking skills and appropriate psychomotor skills to accurately position 

the patient and radiographic equipment are attributes an effective radiologic technologist 

needs to possess (Kowalczyk, Hackworth, & Case-Smith, 2012).  Communication skills 

to provide patient education and instruction are also necessary for a radiologic 

technologist in a clinical environment (Adler & Carlton, 2015; Cunningham et al., 2015).  

Radiologic technologists should also possess logical reasoning capabilities, decision-

making skills, and the ability to formulate response actions to safely and efficiently care 

for patients in the hospital, surgery, or trauma situations (Adler & Carlton, 2015; 

Bontrager & Lampignano, 2014; Cunningham et al., 2015). 
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Few studies have been conducted on the academic success of radiologic 

technology students and what instructional delivery methods are most effective in 

promoting their learning and encouraging them to become self-regulated learners 

(Kowalczyk, Hackworth, & Case-Smith, 2012).  Holmstrom and Ahonen (2016) 

identified that there is a movement towards using more learner-centered teaching 

methods in radiologic technology education and agreed that “learning occurs in practice 

with others and in real-life situations” (p. 375).  According to Kowalczyk et al. (2012), in 

the discipline of radiologic technology, the main instructional delivery methods have 

been lectures and laboratory activities.  With limitations, other instructional methods are 

being used including clinical practice, hybrid courses, and simulation (Kowalczyk et al.).  

An extensive review of literature indicated that there is limited scientific research 

that focuses on radiologic technology students and radiologic technology education.  

Studies conducted by Cunningham, Wright, and Baird (2015), Holmstrom and Ahonen 

(2016), and Rose and McIntosh (2015) focused on how to help students develop clinical 

competence in radiologic technology.  The study conducted by Kowalczyk et al. (2012), 

focused on the use of critical-thinking teaching methods in radiologic technology 

education.  Results of some research studies on the use of medical simulation have 

demonstrated increased positive patient care (e.g., Lasater, 2007; McGaghie et al., 2010; 

McLaughlin, Starobin, & Laanan, 2010). This recorded positive outcome of simulation 

training supports that it should be a priority in all aspects of medicine, and especially in 

those areas in which the treatments, such as radiographic imaging, could harm the patient 

(Adler & Carlton, 2015).  
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Simulation Technology 

Although simulation-enhanced education has been in use in the training of 

medicals doctors since 2000, it has recently become more accepted as an instructional 

method that has application in several different programs, such as nursing, radiologic 

technology, and allied health (Harder, 2009; Lasater, 2007; McGaghie et.al, 2010).  

Bradley (2006) defines simulation-enhanced education as “the technique of imitating the 

behavior of some situation or process by means of a suitably analogous situation or 

apparatus, especially for the purpose of study or personnel training” (p. 254).  

Instructors in radiologic technology programs often use simulation-enhanced 

education to expand the learning experience of their students in the areas of patient care 

and radiographic positioning (Adler & Carlton, 2015), as it enables the creation of safe 

learning environments that allow students to make mistakes in a controlled atmosphere 

(Roberts, 2012).  The process of controlled practice helps students become self-regulated 

learners according to Belski and Belski (2014), who stated that with practice and 

feedback the learner will be able to reflect, make decisions for corrective actions, carry 

out those actions, and eventually master the skill.   

Simulation technology is a method of instruction that incorporates devices or 

environments designed to allow students to imitate the expected behavior or process 

specific to a determined situation in a controlled and safe manner (Bradley, 2006).  

Simulation, as a learning environment, incorporates active learning, observation, practice, 

and feedback (Lasater, 2007). Simulation-enhanced activities create an environment that 

resemble specific procedures or situations in real life and incorporate devices, such as 

models or mannequins, on which students may practice until they have mastered a 
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particular skill (Bradley, 2006; Lasater, 2007; McGaghie, Issenberg, Petrusa, & Scalese, 

2010).  Learning in this manner facilitates self-correction and allows the students to hone 

skills that are necessary in a clinical setting (Vogel-Walcutt, Gebrim, Bowers, Carper, & 

Nicholson, 2010).   

There are various types of simulation-based activities and the supportive 

technology required to carry out the simulations ranges from paper and pencil to 

elaborate computer software programs and special equipment for high-fidelity patient 

simulators (Alinier, 2007).  The types of simulations that rely more heavily on 

technology include the use of three-dimensional models to develop psychomotor, and 

critical thinking skills and the use of interactive computerized human patient simulators 

(Alinier, 2007).  Concerns about ensuring patient safety while adhering to a rigorous 

curriculum have helped in the acceptance of simulation-enhanced education as a teaching 

method and have expanded the scope of its use (Roberts, 2012). 

McGaghie, Issenberg, Petrusa, and Scalese (2010) conducted a review of 

simulation-based medical training that covered a six-year period from 2003 to 2009.  

Their review identified several practices that were found to improve student learning.  

The best practices identified included providing the students with feedback on their 

performance, using deliberate practice, and integration into the curriculum.  Evaluative 

feedback and practice are used in traditional teaching methods as well; however, in the 

active learning environment that simulation provides these components are essential for 

learners to scaffold information and build schema for deep learning (O’Leary & Stewart, 

2013). 
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Few studies have been conducted on the effectiveness and appropriateness of 

embedding the use of simulation into the radiologic technology curriculum, although 

curriculum designs that identify simulation objectives and link them to goals representing 

realistic job expectations increase the likelihood of translation from goal to job 

performance (e.g., Bradley, 2006; Cook et al., 2013; Ford, Yelon, & Billington, 2011; 

Henneman & Cunningham, 2005; McGaghie et al., 2010; Miller, 1990). Simulation is 

unable to stand alone as a comprehensive educational model, making curriculum 

integration imperative.  Research studies have indicated that incorporating simulation-

enhanced education activities has had a positive effect on student learning in cognitive, 

psychomotor, and affective domains (e.g., Desser, 2007; Ertmer et al., 2010; Rosen et al., 

2008). This study seeks to advance the understanding of how students perceive 

instruction and practice through simulation has advanced their knowledge of the 

radiologic technology field. 

Statement of the Problem 

As noted previously, the U.S. Department of Labor projects that the national job 

growth rate for radiologic technologists between 2012 and 2022 will increase by 21% 

(Bureau of Labor Statistics, 2013), a growth rate that is greater than for other occupations 

in allied health areas (Bureau of Labor Statistics).  The TWC (2013) reported that the 

growth rate for radiologic technologists in the state of Texas between the years 2012 and 

2022 is expected to be 31.3%.   

In 2016, the ARRT reported the number of radiologic technologists in the state of 

Texas was 22,612.  During this same year, the Texas State Data Center (2005) indicated 

that the projected state census would be 28,622,192.  The projected increase in population 
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identified by the Bureau of Labor Statistics (2013) and the Texas Workforce Commission 

(2013), along with the anticipated increase in chronic health issues that require diagnostic 

testing, such as radiographic procedures (Alder & Carlton, 2015), will require the field of 

radiologic technology to produce a greater number of technologists.  Technologists need 

to be proficient in the use of sophisticated technology and medical equipment (ASRT, 

2015), as they function as a part of the diagnostic health care team and their role of 

producing quality medical images assists physicians in determining diagnosis (Bureau of 

Labor Statistics, 2013).  The ASRT (2015) indicated that well trained radiographers, 

“think critically and use independent, professional and ethical judgements in all aspects 

of their work.  They engage in continuing education to include their area of practice to 

enhance patient care, public education, knowledge and technical competence” (p. 3). 

The increase in total population in the U.S. as projected by the Bureau of Labor Statistics 

(2013) and an increase in the number of elderly individuals along with the associated 

projected increase in the growth rate for radiologic technologists are not the only 

concerns.  The required attributes of radiologic technologists have been identified by the 

Bureau of Labor Statistics (2013), and the standards of professional performance for 

radiologic technologists along with a professional curriculum have been outlined and 

published by the ASRT (2015).  Yet, few studies have been conducted to explore the 

teaching methods used by radiologic technology educators to develop these expected 

professional qualities in the students they teach or examine the perceptions and 

experiences of radiologic technology students as they strive to master this industry’s 

required skills. 
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In radiologic technology, the main instructional delivery methods used to teach 

students the skills necessary for the profession have included traditional lectures, 

laboratory assignments, and clinical assignments (Cunningham et al., 2015; Holmstrom 

& Ahonen, 2016; Kowalczyk et al., 2012; Rose & McIntosh, 2015).  Simulation-

enhanced education activities are routinely incorporated into the radiologic technology 

curriculum through the use of radiographic mannequins, models, and role play (Alinier, 

2007).  These learning activities are intended to facilitate student learning in the 

cognitive, psychomotor, and affective domains (Bradley, 2006; McGaghie, Issenberg, 

Petrusa, & Scalese, 2010).   

Several studies indicate successful use of simulation as a teaching method in 

nursing programs sponsored by community colleges and four-year institutions (e.g., 

Ertmer et al., 2010; Goodstone et al., 2013; Harder, 2009; Henneman & Cunningham, 

2005; Lasater, 2007; Roberts, 2012; Ross, 2015; Westerlund, Westerlund, & Kincaid, 

2014).  Although the use of simulation as a teaching method in radiologic technology is 

mentioned in the studies conducted by Cunningham, Wright, and Baird (2015) and 

Kowalczyk, Hackworth, and Case-Smith (2013), both studies only identified simulation 

as an optional teaching method and did not provide data explaining the effectiveness of 

simulation or the extent of its use in radiologic technology education.  The importance of 

incorporating a teaching methodology that will maximize student academic success has 

been presented in the educational literature (e.g., Ebeling, 2000; Fenton & Watkins, 

2014; Franzoni & Assar, 2009; Gooden et al., 2009; Spoon & Schell, 1998; Tendy, 

2010).  Although there have been studies in which simulation was identified as the 

teaching method used in radiologic technology, there is no information about the 
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radiologic technology students’ experiences and perceptions of simulation-enhanced 

education activities.   

According to Torenbeek, Jansen, and Suhre (2013), the time students invest in 

their studies and their resulting academic achievement partly depends upon the 

characteristics of the curriculum, teaching method, and learning opportunities.   

Assessments, such as multiple-choice tests and practical examinations can substantiate 

the academic progress students have made or the skills that they have mastered (Miller, 

1990).  However, these types of standard evaluations do very little to describe the 

personal growth that has occurred in the student or the impact a particular learning 

activity may have elicited (Lasater, 2007; Miller, 1990).     

Cassidy (2011) argued that students who see themselves as learners are more 

likely to control their thoughts, feelings, and actions, thus maximizing the potential for 

them to achieve academically.  Cassidy also indicated that the manner in which students 

perceive themselves as learners and how they, as individuals, process information and 

experiences to facilitate learning has a significant effect on their academic achievement.  

In relations to this issue, Zimmerman (2001) stated that self-directed learning is not a 

function of mental or academic acumen, but rather a function of the skills individuals use 

to transform mental abilities into task-related academic skills. 

Cassidy (2011) identified academic control beliefs, student learning styles, and 

student self-evaluations as the underlying foundation to self-regulated learning.  It is 

through the process of understanding and engaging these constructs, according to 

Cassidy, that students self-regulate their learning.  Incorporating simulation-enhanced 

education more fully in the radiologic technology curriculum may encourage students to 
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engage in the mechanisms of autonomous learning, thereby facilitating long-term 

learning outcomes (Brydges et al., 2012; Rose & McIntosh, 2015). 

Related to the process of self-regulation is student engagement, which is 

multifaceted and has been indicated as a factor that influences academic success and 

learning (Kahu, 2013).  According to Kahu, student engagement may have at least four 

distinct perspectives including the behavioral perspective, the psychological perspective, 

the socio-cultural perspective, and the holistic perspective.  In this regard, Trowler (2010) 

indicated that student engagement involves the interaction of time, effort, and other 

relevant resources, such as financial and emotional that both students and instructors 

invest to optimize the students’ experiences, enhance learning outcomes and 

performance, as well as amplify the reputation and respectability of the institution. 

Students are more likely to be engaged in learning if they actively participate in 

learning activities that are somewhat challenging, use higher order thinking skills, and 

incorporate group work or peer collaboration (von Konsky, Martin, Bolt, Broadley, & 

Ostashewski, 2014).  Active learning environments and problem-based learning can 

incorporate these attributes of student engagement (Coates, 2007).  Witkowski and 

Cornell (2015) stated that learning is enhanced when students are active in the learning 

process rather than passive observers and suggested that the incorporation of technology 

and simulations could be more beneficial to the learning process than the traditional 

forms of instruction.  Additionally, the learning style of the student may influence the 

degree of participation or acceptance of that specific activity (Fenton & Watkins, 2014; 

Franzoni & Assar, 2009; Spoon & Schell, 1998; Tendy, 2010). 

According to Gooden, Preziosi, and Barnes (2009), academic performance is 
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enhanced when the learning style of the student is considered.  Teaching methods that 

complement the student’s learning style tend to improve learning and understanding 

(Fenton & Watkins, 2014; Franzoni & Assar, 2009; Spoon & Schell, 1998; Tendy, 2010). 

Evidence also suggests that increased student achievement and satisfaction occur when 

learning styles and teaching styles or methods are compatible (Ebeling, 2000).  Although 

scientific research has demonstrated the benefits of incorporating simulation-enhanced 

education in a program of study, there is a dearth of information that explores the 

experiences of students involved in simulation activities and how they perceive the 

activity enhanced their learning. 

Acknowledging that there is a significant need for qualified radiologic 

technologists at the state and national level that will continue through the year 2022 

(Bureau of Labor Statistics, 2013; Texas Workforce Commission, 2013), is the first 

element of the problem.  The second, and more pressing element of the problem 

confronting higher education practice, in general, and radiologic technology educators, 

specifically, is to identify instructional methods that can be incorporated into radiologic 

technology curriculum which help develop and educate entry-level allied health 

professionals (Curtis, Diaz Granados, & Feldman, 2012; Harder, 2009; McLaughlin, 

Starobin, & Laanan, 2010).  Radiologic technology programs at community colleges and 

four-year colleges and universities strive to provide their students with the most effective 

instructional tools to help them acquire knowledge, apply concepts and theories in a 

clinical setting, and prepare to become a part of the allied health workforce.  

Understanding how second-year radiologic technology students perceive and have 

experienced simulation-enhanced education, programs, community colleges, and four-
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year colleges and universities can better determine the effectiveness of simulation-

enhanced activities and examine its impact on students’ academic and clinical success. 

Purpose of the Study 

The purpose of this qualitative collective case study was to explore the 

experiences and perceptions that second-year radiologic technology students had of 

simulation-enhanced educational activities at a large, urban community college in 

Southeast Texas.  This study focused on the experiences that these students had with 

simulation during their enrollment in their radiologic technology program, and their 

perceptions regarding the acquisition of knowledge, communication skills, and 

psychomotor abilities from simulation-enhanced activities.  Additionally, this study 

explored how the students perceived the usefulness of simulation activities in relation to 

the application of concepts and theories of radiologic technology in the clinical setting.  

A better understanding of the experiences and perceptions second-year radiologic 

technology students have of simulation-enhanced education will address the problem in 

practice of a lack of evidence regarding students’ experiences in simulation activities in 

radiologic technology education and their perceptions of how simulation activities helped 

them apply the concepts and theories of radiologic technology.  

Research Questions 

The following research questions guided this investigation: 

1. How do community college second-year radiologic technology students 

describe their experiences and perceptions of simulation-enhanced education 

activities? 

2. What are the perceptions and experiences of community college second-year 
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radiologic technology students regarding the acquisition of knowledge, 

communication skills, and psychomotor abilities from simulation-enhanced 

activities? 

3. How do community college second-year radiologic technology students 

perceive the participation in simulation-enhanced activities increased their 

ability to apply concepts and theories of radiologic technology in the clinical 

environment? 

Significance of the Study 

The need for qualified radiologic technologists is expected to increase in part due 

to the projected growth in population at both the state and national levels (Bureau of 

labor Statistics, 2013; Texas State Data Center, 2005; Texas Workforce Commission, 

2013).  The state of Texas, in which this study took place, produces the largest number of 

graduate radiologic technology student annually, who apply to sit for the national 

certification examination in radiologic technology (ARRT, 2015).  In 2015, the ARRT 

indicated that Texas produced 1080 graduate radiologic technology students who sat for 

the national certification exam.  It is expected that educators in radiologic technology 

programs at community colleges and four-year colleges and universities protect the 

health and safety of patients by ensuring that graduates from are capable of providing 

safe and effective care.  This study contributed to a growing body of literature that is 

interested in understanding the effects of SEE on learning outcomes.  This is important 

because as educators learn more about how students learn the more they will be able to 

help them succeed in achieving their academic goals. 

This study is important because it addresses the problem in practice regarding 
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students’ experiences in simulation activities in radiologic technology education and 

explores their perceptions of how simulation activities helped them apply the concepts 

and theories of radiologic technology.  This study also adds to the literature on radiologic 

technology education, in particular how students perceive simulation activities 

contributed to their acquisition of knowledge, communication skills, and psychomotor 

abilities with respect to the concepts and theories of radiologic technology.  This study is 

also significant to higher education practices as it aimed to further the understanding of 

simulation as a teaching method toward the fulfillment of professional practice standards 

established by the ASRT. 

In higher education, academic leaders are often mostly concerned about students’ 

academic success, course completion, and graduation rates (Crawford & Jervis, 2011; 

Peppers, 2016; Smith, Baldwin, & Schmidt, 2015).  Allied health programs, such as 

radiologic technology, are also constrained by imposed accreditation standards that 

mandate acceptable retention rates, graduate employment rates, and the first-time success 

rate on the national ARRT certification exam (JRCERT, 2015).  Adopting a more 

student-centered instructional method that encourages active learning, such as the use of 

simulation, may provide radiologic technology programs offered at the community 

college an avenue for improving academic success and student retention.  

Additionally, findings from this study may aid the local community, the 

participating college, and the radiologic technology program with research-based 

information to better understand the impact of simulation-enhanced activities on students’ 

knowledge and academic performance.  The information gathered from this study may 

also help the participating college, especially the radiologic technology program, in 



Texas Tech University, Jamie S. Tucker, May 2018 

17 

identifying processes and teaching methods that improve program effectiveness and 

increase student success (Torenbeek, Jansen, & Suhre, 2013).  The local community may 

also benefit by having an allied health workforce that includes capable, well-educated 

radiologic technologists.    

The understanding of how radiologic technology students describe their 

experiences in specific learning environments and examining their perceptions of 

instructional methods, such as the use of simulation, may contribute to the current limited 

body of literature on radiologic technology education (Rose & McIntosh, 2015).  In 

addition, findings from the study may identify additional benefits or disadvantages of 

incorporating instructional methods, such as simulation more fully into an established 

curriculum.  Incorporating simulation may influence the implementation of appropriate 

higher education guidelines, practices, and resources for students enrolled in radiologic 

technology programs sponsored by community colleges or four-year colleges and 

universities. 

Summary of the Theoretical Framework 

The theoretical framework for this study is comprised of components of three 

adult learning theories that have application with respect to simulation: (1) cognitive 

learning theory (Piaget, 1972), (2) social cognitive learning theory (Bandura, 1977, 1993, 

2005; Zimmerman, 1989), and (3) constructivist learning theory (Vygotsky, 1978).  

Associated with the theoretical framework of this study is the concept that individuals 

may process knowledge differently and may indicate a preference in learning 

environments associated with individual learning styles (Knowles, 1995; Kolb, 1971). 

In cognitive learning theory (Piaget, 1972), the key to learning is grounded in the 
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individual’s perceptions, thoughts, memories, and the ways in which they process and 

structure information (Rutherford-Hemming, 2012).  In essence, cognitive learning 

theory (Piaget, 1972) focuses on the individual’s internal environment and what the 

knowledge means to the individual learner (Merriam, Caffarella, & Baumgartner, 2007).  

Many activities described in this theory, such as perceiving, thinking, and processing 

information, are expected behaviors in simulation (Rutherford-Hemming, 2012).  

Participation in a simulation activity allows students to build upon their previous 

knowledge and experiences, while the internal mental processes are under the learner’s 

control.   

Learning in a simulation activity may also develop as a result of observing the 

actions and skills of others (Bandura, 2001; Erlich & Russ-Eft, 2013; Taylor & Hamdy, 

2013; Zimmerman, 1989).  Observation plays a significant role in social cognitive 

learning theory (Bandura, 2001; Zimmerman, 1989), which identifies the sub-functions 

of observational learning to include the processes of attention, retention, modeling, and 

motivation; and many components of this theory are demonstrated through the use of 

educational simulation activities.  These components include, but are not limited to, 

observation and modeling, self-reflection, self-regulation, and self-efficacy (Bandura, 

1977, 1993, 2005; Rutherford-Hemming, 2007).  According to Bandura (2001), “People 

are self-organizing, proactive, self-reflecting, and self-regulating, not just reactive 

organisms shaped and shepherded by environmental events or inner forces” (p. 266).  In 

allied health education, such as radiologic technology, students are expected to model 

specific behaviors with respect to patient care, radiographic positioning, and response 

actions (Bontrager & Lampignano, 2014).    
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The constructivist learning theory (Vygotsky, 1978) is centered in the belief that 

knowledge is constructed when the individual attaches meaning to an experience or 

activity.  Although there are many perspectives, such as transformational learning 

(Erickson, 2007; Kegan, 2000; Mezirow, 1997), experiential learning (Dewey, 1938; 

Kolb, 1984), reflective practice (Billet, 2009; Coulson & Homewood, 2016; Malthouse, 

Watts, & Roffey-Barentsen, 2015; Moon, 2004; Rosenshine, Meister, & Chapman, 

1996), and situated learning (Lave, 1985) encompassed by the broad term of 

constructivism, one central theme is that learning is an active process that includes 

dialogue, collaboration, and cooperative learning (Rutherford-Hemming, 2007).   

Each of the selected three theories incorporate the core principles of adult learning 

proposed by Knowles (1995), which are the learner’s need to know, self-concept, 

experiences, readiness, orientation to learning, and motivation.  The orientation to the 

learning environment, readiness, and motivation exerted by the learner, may be 

influenced by how they absorb and process information and the preferred learning style 

(Kolb, 1971).    The best practices of simulation, as described by Bradley (2006) and 

McGaghie et al. (2010), include the use of structured practice, observation, feedback, and 

the alignment of the learning activity with a specific curricular component.  Figure 1 

illustrates how the three different adult learning theories that comprise the theoretical 

framework for this study have foundational aspects that are incorporated into simulation 

learning.  Cognitive learning theory, social cognitive learning theory, and constructivist 

learning theory all have components such as, building on prior experience, observation, 

and the active learning process that are central to why simulation is a viable teaching 

method and, as such were applicable in the framing of this study. 
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Figure 1. Adult Learning Theories and Simulation 

 

Figure 1. The relationship between cognitive learning theory, social cognitive learning 

theory, constructivist learning theory and simulation-enhanced education. 

 

Summary of the Methodology 

This qualitative collective case study was conducted through the lens of the 

pragmatic paradigm.  The case study design was relevant for this study as it focused on 

one group of radiologic technology students, but multiple cases, who had participated in 

simulation-enhanced education  

The setting for the study was at a large, urban community college in the Southeast 

region of the state of Texas that had a student population diverse in its age, cultural 

heritage, and socioeconomic composition.  Participants were second-year radiologic 

technology students at the participating college.  Purposeful sampling was employed, and 

the selection criteria included radiologic technology students: (a) who were in the second-

year of the radiologic technology program, (b) who had successfully completed all of the 
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radiographic positioning and radiographic equipment courses in the program’s degree 

plan, (c) who had successfully completed three or more clinical courses, and (d) who had 

participated in simulation activities during their training in radiologic technology.  There 

were 12 participants selected to take part in the study. 

Data were collected from multiple sources, including semi-structured interviews 

with participants and programmatic effectiveness documents.  The researcher also took 

field notes in a researcher’s journal, making notes throughout the interviews and other 

data collection processes.  Data analysis was conducted through the constant comparative 

method, as well as open and axial coding.  Trustworthiness of the study was established 

through the use of triangulation of the multiple forms of data, the production of thick 

descriptive data, the auditing of the transcription of participant interviews, field notes, and 

program effectiveness documents that included student learning outcomes.  Triangulation 

of the data was carried out through the correlation of the interview transcriptions within 

and among study participants, documents, and the researcher’s journal (Polkinghorne, 

2005).   

Definition of Terms 

The following terms are used throughout this study, and are defined as follows: 

Active learning. Active learning is conducted in a student -centered environment 

in which students typically work in small groups or individually on a challenging activity 

that develops higher order thinking skills (von Konsky et al., 2014) 

Affective domain. The affective domain is the area of learning that includes 

aspects classified as soft skills such as communication, critical thinking, responsive 

decision making, and the ability to work and function as a member of a team (Lasater, 
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2007). 

Cognitive domain. The cognitive domain is the area of learning that includes 

aspects of how individuals process, interpret, remember, analyze, and apply information 

and knowledge (Bradley, 2006). 

Learning style. The learning style relates to the characteristics, strengths, and 

preferences in the way people receive and process information (Felder & Silverman, 

1988). 

Psychomotor domain. The psychomotor domain is the area of learning that 

includes aspects of physical ability, manual dexterity, and perceptual abilities (Ross, 

2015). 

Radiologic technology. Radiologic technology is an allied health profession that 

utilizes radiation to produce medical images for the purpose of diagnosis (Bureau of 

Labor Statistics, 2013). 

Self-regulated learning. Self-regulated learning is the way in which learners 

control their thoughts, feelings, and actions in order to achieve academically 

(Zimmerman & Schunk, 2001). 

Simulation-enhanced education. Simulation-enhanced education, as a 

component of instruction, it is defined as the imitation of behavior required for a 

particular situation or process through the use of a suitably comparable situation or 

device that is designed for the purpose of study or skill mastery (Bradley, 2006). 

Assumptions of the Study 

There are several assumptions that must be acknowledged in this study.  First, it 

was assumed that participants would answer the interview questions honestly and to the 
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best of their abilities.  Secondly, it was assumed that there would not be any attrition of 

study participants.  Lastly, it was assumed that the selected purposeful sample was an 

accurate representation of second-year radiologic technology students in the participating 

program. 

Limitations of the Study 

This study has the following limitations. The study was conducted at one large, 

urban community college in the Southeast region of Texas.  The participants in the study 

were only second-year students and their perceptions and experiences may be different 

from other students in the radiologic technology program at the study institution.  The 

transferability of the findings is dependent on context and at the discretion of the reader.  

The findings may not be transferable to radiologic technology programs sponsored by 

hospital-based programs, proprietary institutions, or four-year colleges or universities; or 

to radiologic technology programs in different geographical locations.  

Summary 

The job growth rate for radiologic technologists is expected to increase by 21% 

through the year 2022 to keep up with the demand for health care services caused in part 

by longer life expectancy (Bureau of Labor Statistics, 2013).  The state of Texas currently 

has 36 accredited radiologic technology programs (JRCERT, 2015) and has historically 

produced the largest number of qualified applicants that sit for the national certification 

examination (ARRT, 2015).  Traditional educational components, such as the passive 

lecture, remain a common form of instructional delivery in allied health care programs at 

community colleges even though active methods, including simulation are available.  

Understanding the experiences students have had with simulation and exploring the ways 
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in which simulation helped them apply the concepts and theories of radiologic technology 

in the clinical environment may help identify appropriate active learning environments 

that support program efficiency and student academic success in the field of radiologic 

technology.  Developing a better understanding of radiologic technology students’ 

perceptions towards simulation and the application of knowledge in a clinical 

environment may help educators design learning activities or make curricular changes 

that help students learn in all three of the domains, the cognitive, psychomotor and 

affective domains and be able to successfully develop the required professional standards 

of clinical practice 

Overview of the Remainder of the Study 

Chapter II presents a review of the relevant literature that relates to radiologic 

technology education, simulation-enhanced education, self-regulated learning, student 

motivation, learning styles, and the theoretical framework of the study.  Chapter III 

describes the methodology and research design for the study, and Chapter IV will provide 

the findings of the study.  Chapter V presents a discussion of the study findings, 

implications and recommendations for higher education practice, and recommendations 

for future research. 
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CHAPTER II 

LITERATURE REVIEW 

Chapter II contains a review of the literature and presents the following sections: 

(a) overview of community colleges, (b) facilitating student success at the community 

college level, (c) overview of radiologic technology, (d); overview of simulation-

enhanced education, (e) simulation typology, (f) simulation and student learning, (g) the 

contextual relevance of simulation in allied health education, and, (h) the theoretical 

framework that guided this study on the experiences and perceptions students in 

radiologic technology had of simulation-enhanced learning activities.  The purpose of this 

qualitative case study was to explore and describe experiences and perceptions that 

second year radiologic technology students had of simulation-enhanced educational 

activities at a large urban community college in Southeast Texas.     

Overview of Community Colleges 

American community colleges have become a significant component of higher 

education in this nation (Cohen & Kisker, 2010).  Although the first community colleges 

began as junior colleges housed inside high schools, community colleges of today 

provide local and low-cost education to service areas that are diverse in racial, ethnic, and 

socioeconomic composition (Topper & Powers, 2013).  The open admission policies in 

place at community colleges attract many nontraditional students who may be older 

adults and those needing a new career (Cohen & Kisker, 2010).  Likewise, open 

admission to community colleges provides educational opportunities for individuals 

needing developmental studies and open admission makes a college education more 

attainable for those towards the lower end of the socioeconomic scale (Cohen & Kisker, 
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2010).  The National Center for Educational Statistics (n.d.) indicates that community 

colleges typically award certificates and associate degrees.  The three main curricular 

divisions of the American community college are (a) academic transfer to four-year 

institutions, (b) occupational and career education, and (c) developmental education that 

includes English as a second language (Cohen & Kisker, 2010; DeSai, 2012).  Allied 

health programs, such as radiologic technology that are sponsored by community 

colleges, strengthen and promote economic development (Rose & McIntosh, 2015).    

Facilitating Student Success at the Community College Level 

The U.S. Department of Labor, Bureau of Labor Statistics (2013) indicated that 

due to an aging society and longer life expectancy, the job growth for healthcare 

professions is expected to be significant through 2020.  The job growth rate for radiologic 

technologists between the years 2012 and 2020 was expected to increase by 21% (Bureau 

of Labor Statistics, 2013).  Thus, the American society has come to rely on community 

colleges to supply competent graduates into the healthcare industry.  Community colleges 

routinely operate under an open-door policy, which creates an academically 

underprepared, ethnically and racially diverse, and nontraditional student body (Crawford 

& Jervis, 2011).  Different students learn or prefer to learn in differing manners (Terry, 

2001), so educators must be able to provide instruction in a variety of learning 

experiences if the goal is to impart that knowledge to the students enrolled. 

Community college have incorporated some unique practices that help to facilitate 

student success.  Community colleges typically tend to have smaller classes as compared 

to four-year universities (Cohen & Kisker, 2010).  Crawford and Jervis (2011) indicated 

the opportunity for more individualized learning and interactions between student and 
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teacher are more likely to occur in a small class setting.  The increase of positive student 

to teacher interactions and teaching methods that encourage active learning are helpful 

for establishing educational programs that are student centered (Azer, Guerrero, & 

Walsh, 2013).      

Recently, there has been a change in the driving force for community colleges.  

Instead of focusing on increasing student enrollment, the focus has centered on 

completion and graduation rates (Smith, Baldwin, & Schmidt, 2015).  Thus, many 

community colleges have established tutoring programs, dedicated academic advisors, 

and inclusive student success centers that are aimed at helping students succeed 

academically, complete programs of study, and earn a degree or certificate (Smith et al., 

2015).  Community colleges play a vital role in providing postsecondary education to 

over 10 million students each year (Jenkins, 2015).  Often, the student population 

enrolled at community colleges are nontraditional, first-generation, academically under 

prepared, or in need of financial aid assistance (Topper & Powers, 2013).  The 

establishment of student success centers within community colleges that help the student 

by providing tutoring, financial aid, new student orientations, and developmental or 

supplemental course work can positively impact student success (Smith et al., 2015).     

Active Learning Curriculum Design 

Along with student service centers, financial aid, and small classes, community 

colleges have also incorporated several initiatives that support student-centered 

instruction (Torenbeek et al., 2013).  One of the variables related to student study habits 

and student success is the number of scheduled classes a student is enrolled in each 

academic year (Schmidt et al., 2009).  According to Schmidt et al. (2009) programs that 
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require between 325 and 400 scheduled class hours per academic year corresponded to 

student self-study times of approximately 820 hours.  Limiting the number of classes or 

hours in which a student may enrole so as not overload their in-class time, provides the 

student with time to study.     

In addition to the number of scheduled classes, curriculum design, and the method 

of teaching can affect the learning environment (Torenbeek et al., 2013).  Passive 

teaching methods, such as lectures to a large student audience, are considered to be 

teacher-centered and do not fully engage most students (Torenbeek et al., 2013).  On the 

other hand, active learning environments strive to have the student participate in the 

learning process, according to Schmidt et al. (2009), and can include activities such as 

practicals, small-group discussions, smal- group activities, and simulations.  Active 

learning is an educational design in which students work collaboratively with their peers 

to complete challenging learning activities (Von Konsky et al., 2014).  According to 

Coates (2007) the adoption of active learning strategies enhances student engagement, 

develops self-regulating learners, contributes to improved learning outcomes and 

facilitates student success.    

Self-Regulated Learning  

Associated with student success is the concept of self-regulated learning.  Self-

regulated learning, according to Torenbeek, Jansen and Suhre (2013), is the degree to 

which students regulate their own learning through control of their thinking, motivation, 

and behaviors.  It incorporates processes such as time management, intrinsic motivation, 

and self-control (Belski & Belski, 2014; Cassidy, 2011; Torenbeek et al., 2013).  Pew ( 

2007) stated that in adult education the assumption is that the adult learner has primary 
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responsibility for his or her own motivation to learn and that it is not necessarily the 

responsibility of the faculty to serve as the motivator.   

Self-regulated learning was considered by Cassidy (2011) to be separate from an 

individual’s mental or academic ability.  In his research, Zimmerman (2001) expanded on 

the processes of time management, intrinsic motivation, and self-control to include the 

student’s use of processes, strategies, and responses to improve academic achievement.  

He also indicated that  students who incorporate self-evaluation feedback,  as well as 

those students who possess self-efficacy beliefs, tend to achieve academic success.  

The analogy between a self-regulating technical system and self-regulated 

learning was made by Simon (1996).  In this analogy, Simon described a technical system 

that contains a feedback loop that analyzes the system output while also comparing the 

input to the system and making adjustments that provide an increase in effiency or 

productivity.  Self-regulated learners process information and knowledge in a similar 

manner and often rely on educational feedback (Belski & Belski, 2014).  With relevant 

feedback, the self-regulated learner is able to reflect on the feedback, make decisions for 

corrective actions, and carry out those actions (Belski & Belski, 2014).   Furthermore, 

self-evaluations and peer-assessments are additional forms of feedback that can be used 

to facilitate self-regulated learning (Cassidy, 2011).  Thus, the ability to utilize reflection, 

self-control, and appropriate time management are individual skills that may be 

influenced by the educational environment, the topic of study, and the learning style of 

the student (Kahu, 2013). 
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Kolb’s Learning Styles 

Kolb (1984) proposed that learning is an active cycle.  As an extension of the 

concept, this active cycle is comprised of the stages of concrete experience (CE), 

reflective observation (RO), active experimentation (AE), and abstract conceptualization 

(AC) and were considered by Kolb (1984) to also be specific learning styles that 

complement the learning cycle (Kolb, 1971; Kolb & Kolb, 2005). Kolb (1984) described 

experiential learning as “the process whereby knowledge is created through the 

transformation of experience” (p. 41).  This places emphasis on one’s experiences at the 

center of learning and describes how to understand the learning process as an 

individualistic process.  An individual who engages in all four of the stages in the 

learning cycle with equal affinity can produce a well-rounded learning experience that is 

deeply enriching (Peterson et al., 2015).  However, most individuals tend to have 

preferences for the stages or “modes” of learning and are not as fluent or comfortable in 

using all of the stages with equal voracity (Peterson et al., 2015).  The learning styles 

described by Kolb (1971,1984,1999) include two modes that deal with grasping 

information, (i.e., CE and AC), and two modes that deal with transforming information, 

(i.e., RO and AE).  Learning is a fluid process, and a learning style is not a fixed trait 

(Kolb, 1984).  However, it is representative of the individual’s preference for operating in 

a particular learning mode (Peterson et al., 2015).   

Being aware of one’s learning tendencies and specific learning environments or 

types of activities that accommodate one’s style may help to increase the effectiveness of 

the learning process (Peterson et al., 2015).  It may also be helpful to identify modes that 

may need to be strengthened or further developed.  For example, the learning styles of 
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students may be affected by a curriculum that only presents instruction using one method, 

especially if that teaching method is not complementary to how the student learns.  

Initiating a curriculum or teaching plan that varies the type of instruction and educational 

activities may reach a broader number of students with differing learning styles (Kolb & 

Kolb, 2013).  The learning style of the instructor may influence the teaching style, as well 

as the types of learning activities included in a course of study.   

Learning style influence.  There is scientific evidence that suggests that teachers’ 

learning styles and particular fields of study influence the types of learning activities that 

are created and in particular fields of study, such as as automotive repair, where it was 

found that students may show a tendency towards a particular learning style (Threeton, 

Walter, & Evanoski, 2013; Westerlund, Westerlund, & Kincaid, 2014).  For example, in 

automotive repair it was found that students showed a tendency towards a particullar 

learning style.  Westerlund, Westerlund, and Kincaid (2014) indicated that the inherent 

biases of simulation developers may affect the performance of some students.  Instructors 

tend to teach in a manner that is comfortable and compatible with their own learning 

styles, but in doing so some students may not receive the full and intended educational 

benefit.   

A study conducted by Threeton, Walter, and Evanoski (2013) centered on a 

cohort of career and technical students.  The study investigated whether there was a 

prevalent personality style or learning style of the students who enrolled in that program.  

The study reported that out of a participating group of 176, 70 students identified as 

accommodating, 40 identified as converging, 37 identified as diverging and only 29 

identified as assimilating.  Threeton et al., stated that results indicated a diverse group of 
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learning styles and suggested a curriculum that included elements of all four learning 

modes as described by Kolb (1984).  While several studies have examined the 

educational benefits of simulation-enhanced education (Desser, 2013; Ertmer et al., 2010; 

Rosen et al., 2008) and others have examined experiential learning and learning styles 

(Kolb & Kolb, 2013; Peterson et al., 2015; Threeton et. al., 2013; Westerlund et al., 

2014), few have examined the radiologic technology field of study or evaluated whether 

learning style influences the effectiveness of a simulation activity.   

Contextual relevance of learning style to programs of study.  The study 

conducted by Threeton et al. (2013) is one of several that provide evidence that students 

enrolled in particular programs of study tend to identify with one of two prevalent 

learning styles as compared within the group (Ausburn & Brown, 2006; O'Leary & 

Stewart, 2013; Robles, Cox, & Seifert, 2012).  According to McCarthy (2010) students 

who specialize in the arts tend to identify more with the diverging learning style and 

students specializing in the sciences tend to identify with the assimilating learning style.  

McCarthy (2010) also noted that students who follow an educational or career path 

involving accounting or engineering tend to identify with the converging learning style.  

However, students following a path that includes business, marketing, or sales tend to 

identify with the accommodating learning style from Kolb’s (1984) inventory.   

In many community colleges, accounting and business courses are located in the 

same learning division because the educational requirements and occupational 

expectations are similar for those programs of study (Bureau of Labor Statistics, 2013). 

There is evidence that the slight differences between the scopes of practice of accounting 

programs and business programs manifest in differences in preferred styles of acquiring 
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knowledge (O'Leary & Stewart, 2013).  For example, a study conducted by Robles, Cox, 

and Seifert (2012) evaluated the learning styles of third- and fourth-year pharmacy 

students.  The results of this study indicated that 56% of the third-year students identified 

with the assimilating learning style, 31% identified with the converging style, 5% 

identified as accommodating, 5% identified as diverging, and 3% identified as having 

multiple styles (Robles, Cox, & Seifert, 2012).  The results of the fourth-year students 

indicated a relationship was beginning to develop: 67% of students identified with the 

assimilating learning style while 28% of them identified with the converging learning 

style (Robles, Cox, & Seifert, 2012).   

Additionally, Ausburn and Brown (2006) evaluated the learning styles of students 

in various career and technical programs.  Although the study did not incorporate the use 

of the learning style inventory developed by Kolb, it demonstrated tendencies for 

different learning style preferences among multiple diverse programs of study.  Of 

special interest in the study conducted by Ausburn and Brown (2006) was the separation 

of nursing students and allied health students.  The nursing students demonstrated a 

tendency to prefer a particular learning style, and the grouped allied health students 

demonstrated a tendency to prefer a learning style that was dissimilar to that of the 

nursing students (Ausburn & Brown, 2006).  Each class was comprised of students with 

individual and personal preferences. However, results indicated, that students with 

particular learning style preferences tended to align themselves with professions or 

programs of study that complemented the qualities of that learning style (O’Leary & 

Stewart, 2013).  An extensive literature search identified a significant gap in available 

research that has focused on the learning style preferences associated with the scope of 
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practice and professional qualities required for radiologic technology. 

Overview of Radiologic Technology 

Radiologic technologists work in hospitals and clinics as a part of a healthcare 

team that serve the American society.  The radiologic technologists are tasked with using 

radiation to create medical images that may assist in the interpretation of a medical 

diagnosis (American Registry of Radiologic Technologists, 2015).  The radiation used to 

generate most medical images is considered to be safe however, radiation interacts with 

human tissue in a random manner, and any amount may cause damage (Bushong, 2014).  

Thus, best practices in radiologic technology are designed to limit the amount of radiation 

to which a patient is exposed to (Bushong, 2014).   

Psychomotor skills are important to radiologic technologists considering that they 

must manipulate the patient and equipment in a timely, effective, and safe manner.  

Radiologic technologists must be able to assess the condition of the patient, calculate the 

appropriate radiation dose and make technical changes to produce diagnostic images 

while minimizing the amount of radiation used.  For these reasons, critical thinking skills 

are also important for the radiologic technologist to have (Bushong, 2014).  Logical 

reasoning, decision making, and making the correct responsive actions are components of 

critical thinking that have applications in radiologic technology in caring for patients and 

working in trauma and surgical areas (Bontrager & Lampignano, 2014).   

Occupational Expectations and Growth  

An aging population along with longer life expectancies will increase the need for 

healthcare services in the United States (Roberts, 2012).  Over half of the top 20 

occupations with the fastest growth projected between the years 2013 and 2018 are in the 
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field of healthcare (Roberts, 2012).  It is estimated that 13,000 to 15,000 graduates of 

radiologic technology programs sit for the national certification test each year, making 

radiologic technologists the third largest category of healthcare professionals, 

outnumbered only by doctors and nurses (American Registry of Radiologic 

Technologists, 2015).     

Radiologic Technology Education 

Accredited educational programs of study for radiologic technology in the United 

States are at least 24 months long.  They may confer certificates, associate of applied 

science degrees, or baccalaureate degrees, and are offered at hospitals, proprietary 

institutions, community colleges, and four-year universities.  Along with the program 

specific courses, the curriculum for radiologic technology programs includes a general 

academic curriculum such as English composition, college algebra, and human anatomy 

and physiology (American Society of Radiologic Technologists, 2015).  The Joint 

Review Committee on Education in Radiologic Technology (2015) is the organization 

recognized by the U. S. Department of Education and the Council for Higher Education 

Accreditation for accreditating educational programs in  radiologic technology and 

currently manages the accreditations standards of practice for approximately 750 

educational programs. 

Graduates of accredited programs who have attained the required clinical 

competencies are eligible to sit for the national certification examination developed and 

administered by the American Registry of Radiologic Technologists (ARRT).  ARRT 

certification is considered to be the gold standard of professional credentialing in 

radiologic technology.  Hospitals and clinical settings that receive medical insurance 
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reimbursement require an ARRT certification of their radiologic technologisats 

(American Registry of Radiologic Technologists, 2015).  Graduates must be able to 

demonstrate mastery of six mandatory general patient care competencies, 31 mandatory 

imaging procedure competencies, and 15 elective imaging procedure competencies 

before being allowed to sit for the didactic exam.  According to the ARRT (2015), the 

certification examination is composed of five categories, (1) radiation protection and 

radiobiology, (2) equipment operation and quality control, (3) image acquisition and 

evaluation, (4) imaging procedures, and (5) patient care and education.  

Although the content specifications for the national certification examination are 

in line with a published professional curriculum, each program and faculty member has 

academic freedom to determine the best instructional method with which to achieve those 

educational standards (Joint Review Committee on Education in Radiologic Technology, 

2015).  According to Kowalczyk, Hackworth, and Case-Smith (2012), educators in 

radiologic technology recognize the importance of using instructional methods that help 

develop critical thinking skills in students.  The results of the study by Kowalczyk et al. 

(2012), however, also indicated that faculty are often unsure of how to develop learning 

activities focused on the development of critical thinking skills or how to properly assess 

those skills in students.  There appears to be a dearth of research that has addressed the 

use of simulation in radiologic technology education or has explored a possible link 

between programs of study, learning styles, and simulation effectiveness. 

Overview of Simulation-Enhanced Education 

The increased use of technology has changed education and teaching methods 

significantly between 1980 and 2010 (McGaghie et al., 2010).  New teaching methods are 
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being explored, and new educational tools have become more readily available.  

Simulation-enhanced education is a teaching method that is adaptable and can be utilized 

in a multitude of different applications and with varying levels of technology.  

Simulation-enhanced education can be adapted to serve the educational needs of various 

programs of study ranging from medical education to the training of pilots, armed forces 

personnel, and police officers (Alinier, 2007).  Educational computer games provide a 

form of simulation as do programs that allow the student to learn in an alternate universe 

or augmented reality (Lee, 2012).  With this kind of training, students can make mistakes 

and self-correct without endangering the safety of a patient, a coworker, or an institution.  

Better prepared students are able to engage those learned skills when it becomes 

necessary in a work environment or other real-life situation (Vogel-Walcutt et al., 2011).  

Although there is a current interest in simulation-enhanced education, it has a long 

history as a teaching method. 

Historical Perspective  

According to Bradley (2006) simulations have been incorporated in training 

applications for centuries, citing the use of chess games and jousting as methods to 

increase critical thinking and strategy during the medieval times.  The use of models to 

help students learn about anatomic structures is an example of a centuries old simulation 

technique that has remained as an effective educational tool even today (Bradley, 2006).  

In the 17th century, birthing manikins were used for medical education, and in the early 

20th century, obstetric manikins were frequently employed in physician and midwife 

training (McGaghie et al., 2010).  More recently, simulation techniques have been 

adapted for use in training pilots, military personnel, police officers, chemists, engineers 
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and business managers as well as personnel in medical fields (Fiorella, Vogel-Walcutt, & 

Schatz, 2011).   

Simulation-enhanced education is adaptable for use in situations that are critical 

and where errors may cause catastrophic damage or loss of life.  Examples of such areas 

are space aeronautics and the nuclear power industry (Bradley, 2006).  Utilization of 

simulation-enhanced education for medical training has evolved between 1980 and 2009 

as advances in technology have become more readily available (Harder, 2009).  Prior to 

the acceptance of simulation as a teaching method, the adage of “see one, do one, teach 

one,”was the teaching method for medical doctors, nurses, and other allied health 

professionals (Desser, 2007; Henneman & Cunningham, 2005; McGaghie, Issenberg, 

Cohen, Barsuk, & Wayne, 2011).  The antiquated, clinical-dependent teaching method 

offered little concern for patient safety or educational effectiveness as each teaching 

moment was dependent upon the immediate situation and the inherent skills of the 

teacher and the student (Bradley, 2006).  It was impossible to reproduce any positive 

teaching moment to share with additional learners.   

Between 1980 and 2015, there has been an increase in the use of simulation-

enhanced education in healthcare education.  Society is more focused on patient safety 

and accountability than educational practices (Motola, Devine, Chung, Sullivan, & 

Issenberg, 2013).  This shift of focus towards patient safety, along with the innovations in 

technology have made simulation in medical and allied health education an approved 

teaching method ( Motola et al., 2013).  The acceptance of simulation-enhanced 

education in healthcare education and clinical simulation has followed three general 

movements based on advancements in technology, accessibility, and teaching practices 
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and educational theory (Harder, 2009).    

Clinical Simulation    

Simulation-enhanced education can provide extended practice time for students to 

develop and hone skills that will be necessary when the student moves into a clinical 

setting.  In 1958, Asmund Laerdal, a Norwegian toy maker working with an 

anesthesiologist, developed one of the first widely used medical simulation tools called 

the “Resusci-Anne” (Harder, 2009).  This significant technological advancement 

operated as a task trainer used to teach and practice resuscitation.  The widespread use of 

this type of low-cost training model helped to increase acceptance of simulation-

enhanced education.   

In the late 1960s, the “Sim One” was developed by Abrahamson and Denson 

(Bradley, 2006).  The creation of “Sim One” represented the beginning of human patient 

simulators.  As technology expanded, human patient simulators became more advanced.  

Current models have the ability to provide synchronized physiological responses to what 

the student is doing, which makes the learning activity more lifelike (Alinier, 2007).  

Throughout the 1960s and 1970s, devices for simulation-enhanced education were 

available.   

The reason that this teaching technique did not become popular in healthcare 

education until the late 1980s is that educators relied on internships for the essential 

teaching of clinical skills (Harder, 2009).  During the 1980s, a change in teaching 

ideology and practice began to emerge that focused on student outcomes, authentic 

learning, and skills mastery (Harder, 2009).  This period represents the third movement of 

simulation-enhanced education, in which the change in educational focus towards student 
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mastery of critical clinical skills facilitated through the use of simulations was 

incorporated (Harder, 2009).  Simulation-enhanced education is a broad term that can 

encompass many different types of devices at varying levels of technology dependence. 

Simulation Typology 

The types of educational simulators are as varied as the courses of study in which 

they are applied.  Alinier (2007) categorized the different simulation-enhanced training 

methodologies by their respective characteristics, the amount of required technology, and 

application to the cognitive, psychomotor, or affective domain.  He also noted whether 

the simulation could be student led or required the oversight of an instructor (Alinier, 

2007).  The lower range of simulation techniques incorporates written simulations that 

require a student to develop a plan of action for a particular prompt and explain that plan 

in writing.  This type of simulation requires minimal technology and is adaptable to 

multiple courses of study; however, it lacks an interactive component and may only 

assess content knowledge (Alinier, 2007).   

The use of three-dimensional models also requires very limited technology and 

can help students gain proficiency in specific psychomotor skills.  Like the written 

simulations, the use of the three-dimensional models is not interactive (Alinier, 2007).  

These types of simulation models can provide extended practice opportunities but 

without the addition of interactivity instructor supervision would be required to establish 

correct protocol and form.  Role-playing is a type of interactive simulation that can be 

accomplished using scripted actors who interact with the student or it can consist of semi-

scripted scenarios in which the students play assigned roles (Roberts, 2012).  Combining 

either the written simulation or the use of three-dimensional models with role-playing 
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scenarios may expand the learning outcome of the exercise by engaging the cognitive 

ability of the student and allowing a deeper understanding and appreciation of the subject 

(Ertmer et al., 2010).   

High-fidelity patient simulators (HFPS) are simulators that are computer 

controlled and interactive.  These programmable manikins exhibt symptoms of specific 

pathology or conditions that respond to the students’ interventions and administrations of 

care.  When incorporated into the curriculum, HFPS may be used to address cognitive, 

psychomotor, and interpersonal skills (Alinier, 2007).  Developing a curriculum that 

includes progression from the use of simple simulations devices or activities to complex 

scenarios may be beneficial to students as their knowledge base increases and they 

become more familiar with learning in this type of environment.  Brydges, Carnahan, 

Rose, Rose, and Dubrowski, in a 2010 study, introduced the concept of “progressive-

fidelity,” that indicates that novices may perform better on lower-fidelity models, moving 

to use with the higher-fidelity models as the skill improves.   

Computer programs that adjust outcomes based on the responses of the student 

are also a type of simulation device utilized in education (Sauter, Uttal, Rapp, Downing, 

& Jona, 2013).  Many of these programs are very advanced and require extensive 

technology.  The use of this type of programming as a simulated learning environment 

can augment or reduce the need for individual hands-on learning in dangerous areas such 

as nuclear research and radioactivity labs (Sauter et al., 2013).  The computer-based 

simulation may also involve the use of training in an augmented reality, which projects 

computer-generated virtual imagery information overlaid onto a real-world environment 

in real-time (Lee, 2012).  Augmented reality has applications in healthcare education in 
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helping students gain mastery in specific psychomotor skills and procedures (Desser, 

2007; Hall, Soderstrom, Ahlqvistt, & Nilsson, 2011).  Allowing adequate time to perform 

the simulation activity is necessary, as students need to be able to internalize the 

information, assimilate that knowledge, and create a schema for their long-term memory.  

Allowing time for the learners to assimilate information is valid whether the simulation 

activity is practicing a psychomotor skill to achieve mastery or for the assessment of 

affective domain skills such as critical thinking.  Effective feedback, a vital component of 

any learning process, is essential in simulation-enhanced education to help the student 

gain the ability to scaffold information and build upon prior knowledge (Ertmer et al., 

2010).  

Simulation and Student Learning 

Research studies have indicated positive relationships between the uses of 

simulation-enhanced education and learning in the cognitive, psychomotor and affective 

domains (Desser, 2013; Ertmer et al., 2010; Rosen et al., 2008).  In many of these studies, 

the use of simulation-enhanced environments has demonstrated faster skill attainment and 

higher performance levels than through traditional teaching and learning methods (Sturm 

et al., 2008).  Roberts (2012) stated that “Every professional begins as a student.  People 

learn information and take offered chances to refine and enhance their skills” (p. 50).   

The application of simulation-enhanced education in medical and allied health 

education has expanded in part due to the availability of simulation devices and computer 

programs but also as a result of a change in educational philosophy (Harder, 2009).  A 

change in societal values – an acknowledgement that patient and consumer safety is more 

important than medical education or instruction - has increased not only the use of 
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simulation-enhanced education but has also significantly contributed to the acceptance 

and expectations of its use (Harder, 2009).  

 Simulation and Learning in the Cognitive Domain 

Miller (1990) authored an article that described the assessment of medical 

students, including a review of best practices for evaluating clinical skill, competence, 

and performance.  Within the article, Miller asserted “No single assessment method can 

provide all of the data required for judgment of anything so complex as the delivery of 

professional services by a successful physician” (p. 563).  With this concept in mind, he 

suggested a framework to provide a more comprehensive method of assessment.  As with 

most frameworks, the foundation is the broadest component and the most fundamental in 

the hierarchical structure.   

In Miller’s 1990 framework, the foundation represented knowledge that could be 

assessed using standard objective testing methods.  Being able to evaluate the knowledge 

a student possesses is important, but objective tests are incomplete if one is trying to 

assess whether a student can apply or utilize that knowledge.  Miller, also made a 

distinction between knowing how and showing how which, he labeled as competence and 

performance, respectively.   

Knowledge, competence, performance, and action in Miller’s (1990) model 

related to the educational equivalents of knows, knows how, shows how, and does.  

Alinier (2007) referred to the framework that Miller had suggested in 1990 and 

transposed his typology of simulation onto the framework to produce a concept of an 

integrated education and evaluation method.  Both Alinier (2007) and Miller (1990) 

discussed simulation-enhanced education from the educator’s perspective, emphasizing 
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the benefit that simulation had on students and the related comprehensive benefit of its se 

in evaluation. 

In a 2006 study performed by Bond et al., a group of emergency medicine 

residents were exposed to two different simulation exercises that focused on specific 

judgment errors known as cognitive dispositions to respond (CDR).  As described in the 

study, these CDRs include thought patterns that lead to suboptimal decision making, 

shortcuts in decision making, biases, or errors that contain some affective or emotional 

component.  Simulation-enhanced education, including the use of HFPSs, was 

incorporated not only to demonstrate the technical elements of a specific diagnosis but 

also to improve the metacognition of errors in diagnosis (Bond et al., 2006).  The results 

of the study indicated that technical debriefing helped the residents understand CDRs 

(Bond et al., 2006).  Metacognition or meta-learning views the process of learning as 

dynamic and encompassing an activity that occurs through time (Bligh & Bleakley, 

2006).  Learning to learn in this definition of simulation-enhanced education, therefore, 

involves learning how to think the job or task as well as how to perform as an extension 

of cognitive apprenticeship (Bligh & Bleakley, 2006).   

Scholars have found through research that the use of simulation in the education 

of pharmacists may promote learning in the cognitive domain (e.g.,Chin, Yap, Lee & 

Soh, 2014; Davis, Storjohann, Spiegel, Beiber, & Barletta, 2013).  Chin, Yap, Lee and 

Soh (2014) and Davis, Storjohann, Spiegel, Beiber, and Barletta (2013) performed 

studies in which simulation techniques were used, and the effect of the simulation activity 

on acquired student knowledge was evaluated.  The study conducted by Chin, Yap, Lee 

and Soh (2014) compared the effectiveness of using HFPSs and case-based learning in 
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pharmacy education.  The 174 student participants were randomly assigned to HFPS or 

case-based learning groups with the educational focus on comprehension of diabetic 

ketoacidosis and thyroid storm.  All participants were given a pretest, a posttest, and a 

knowledge retention test.  Chin et al. reported that the groups assigned to use the high-

frequency patient simulators scored significantly higher in the posttests and the 

knowledge retention tests than those in the groups that were engaged in case-based 

learning. 

The study performed by Davis, Storjohann, Spiegel, Beiber and Barletta (2013) 

involved the instruction of advanced cardiac life support with second-year pharmacy 

students.  During the study, the difference in the acquired knowledge of the participant 

groups was evaluated.  The information from the study performed by Davis et al. came 

from a participant group which received the educational information first in lecture then 

followed by an interactive simulation activity and a participant group which participated 

in the simulation first and followed by an informative lecture.  Davis et al. (2013) 

reported the highest improvement from pretest to posttest in the group who received the 

informative lecture first and then participated in the simulation activity.  Although this 

study did not indicate a significant improvement in student knowledge following the 

inclusion of a simulation activity, it suggested the participation in a simulation activity 

was responsible for improving the students’ confidence in associated skills and 

satisfaction with learning and application (Davis et al., 2013).   

Simulation and Learning in the Psychomotor Domain 

The literature supports the use of simulation-enhanced education to promote 

learning and mastery of specific psychomotor and procedural skills in healthcare 
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education (Cook, Brydges, Zendejas, Hamstra, & Hatala, 2013; Curtis, DiazGranados, & 

Feldman, 2012).  Incorporating simulation-enhanced education in healthcare education 

may provide a more individualized type of instruction according to Cook et al. (2013).  

The use of simulation-enhanced education to promote learning in the psychomotor 

domain in varying applications ranging from medical education involving anesthesiology, 

surgery, dentistry, and radiology, to nursing education has been documented in multiple 

studies (Boet et al., 2011; Desser 2013; Hall et al., 2011; Ross, 2015; Sturm et al., 2008).  

Competence in basic psychomotor skills is a requirement for most types of work 

environments. However, the mastery of specific procedural skills is a necessity for 

healthcare professions who deal with the safety of a patient and life-or-death situations ( 

Ross, 2015).   

In a Sturm et al. (2008) article, in which 11 relevant studies were reviewed to 

determine whether the psychomotor skills practiced and acquired through the use of 

surgical simulation training would transfer to a real-life operating room environment, 

results were reported on the following components: overall performance, performance 

time, ability to complete procedure, supervisor surgeon takeover, performance errors, and 

patient discomfort.  Sturm et al., further stated that, these studies indicated that simulation 

training improved students’ performance time on surgical exams, and resulted in fewer 

incidents requiring the supervising surgeon to take over the procedure and a significant 

reduction in the number of performance errors.  An additional significant finding was that 

students who had undergone the simulation training before assessment in the operating 

room tended to cause less discomfort to the patient as determined by the patient during 

the exam, and were better able to respond appropriately to patients as determined by the 
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evaluator (Sturm et al., 2008).   

The study performed by Boet et al. (2011) is of particular interest, not only 

because of the assessment of how the use of simulation-enhanced education assisted in 

learning in the psychomotor domain but because of the retention of those skills for up to 

one year after a single simulation training session.  In this study, the researchers were 

cognizant of the fact that many emergency procedures performed by anesthesiologists are 

infrequently performed however in a life-or-death situation, patients rely on them being 

performed correctly.  Skill decay from the non-utilization of an acquired skill may have 

particularly negative effects on the positive outcome of a life-threatening event even 

though the doctor is expected to be able to perform the procedure if and when the need 

arises (Boet et al., 2011). 

In the study, 38 attending anestheologists participated in a high-fidelity simulation 

that provided instruction and practice in the procedural skill of cricothyroidotomy.  

During the simulation, the participants were presented with a scenario in which the 

patient could not be intubated or ventilated and, therefore, required the 

cricothyroidotomy.  Each subject participating in the scenario underwent a debriefing and 

structured teaching session before participating in a second simulation activity of the 

same scenario (Boet et al., 2011).  The participants were then randomly assigned to either 

the six-month retention group or the one-year retention group.  The study participants 

received no additional instruction.  At the specified retention time, each group of 

participants underwent a third identical simulation that was identified as the retention 

posttest (Boet et al., 2011).  According to Boet et al. (2011) the study indicated that 

participants in both groups not only improved their skill performance from the pretest to 
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the immediate posttest, but also from the pretest to the retention posttest regardless of the 

retention time.  

McGaghie et al. (2011) have indicated that the combination of simulation-

enhanced education and deliberate practice may be superior to traditional clinical medical 

training in achieving specific clinical skills.  Developing educational simulations that 

guide students through rare or unusual case scenarios may be one of the greatest benefits 

that simulation-enhanced education has to offer (McLaughlin, Starobin, & Laanan, 2010).  

Simulation-enhanced education may provide individuals with psychomotor skills that are 

transferable to clinical settings and applications that extend into real-life situations.  The 

acquisition of these specific psychomotor skills may increase the confidence level of the 

trained responder, providing them with not only the physical capability to perform but 

also with the cognitive intent and critical thinking skills that the situation demands 

(McLaughlin et al., 2010).  

Simulation and Learning in the Affective Domain 

The purpose of healthcare education is not only to prepare physicians, nurses, and 

allied health professionals with the knowledge and skills that are required to complete 

specific jobs but also to instill the aspects of professionalism and teamwork needed to 

provide patients with a consistent quality of care (McGaghie et al., 2011).  However, 

educational activities intended to help students develop professionalism, interpersonal 

communication skills, critical thinking skills, and teamwork are not only difficult to 

establish but they can also be difficult to accurately measure and assess (Kowalczyk et 

al., 2012; Lasater, 2007).  For example, critical thinking involves the process of 

observation, evaluation, judgment, reasoning, and response (Cotter & Tally, 2009; 
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Goodstone et al., 2013).  Devising learning activities to help students develop critical 

thinking skills is difficult for educators limited to a passive lecture as the teaching method 

(Kowalczyk et al. 2012).  The literature in the field of medical and nursing education 

supports the use of simulation-enhanced education as a tool to help develop the critical 

thinking skills, communication skills and functioning teamwork in healthcare education 

(Azer, Guerrero, & Walsh, 2013; Goodstone et al., 2013; Krange, Moen, & Ludvigsen, 

2012; Lasater, 2007; Rosen et al., 2008; Steadman et al., 2006).     

Critical thinking skills.  In healthcare education, as in other areas of professional 

education, critical thinking is considered to be one of the most desirable skills and 

important competencies as it not only promotes the use of judgment but also involves 

being able to respond effectively to or in a critical situation (Ertmer et al., 2010).  An 

important study conducted by Steadman et al. (2006) utilized a randomized control trial 

of 31 fourth-year medical students to evaluate the difference between simulation-based 

training and to problem-based learning on the acquisition of critical assessment and 

clinical management of dyspnea (difficulty breathing) and severe abdominal pain.  

Participants underwent an orientation to the simulator, an initial evaluation using the 

simulator, and the same didactic lectures on the test topics of dyspnea and acute 

abdominal pain.   

After receiving the didactic instruction, all participants received two intervention 

sessions, one on the simulator and one using problem-based learning.  According to 

Steadman et al. (2006), both groups had equal time in the two learning environments and 

equal time on each of the two test topics.  An identical format was used in both the final 

assessment (posttest) and the first evaluation.  Each of the participants was responsible 
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for independently managing a scenario and were evaluated through the use of checklists 

similar to those employed in the first evaluation.  Steadman et al. (2006) reported that, 

although there was not a significant difference between the two groups on the first 

assessment scores, the simulation group performed significantly better than the problem-

based learning group in the final evaluation.  The study stated that the simulation group 

demonstrated an improvement of  25 percentage points (percent correct on the final 

evaluation minus the percent correct on the first evaluation), and the problem-based 

learning group demonstrated an improvement of eight percentage points.  

Furthermore, studies conducted by Ertmer et al. (2010) and Lasater (2007) each 

assessed the critical thinking skills of nursing students after engaging in simulation 

activities.  Although both studies incorporated the use of HFPSs and nursing students 

from baccalaureate programs, the studies differed in length and specific focus.  Ertmer et 

al. (2010) conducted a study with 17 third-year, baccalaureate degree nursing students in 

which the expressions of critical thinking during simulations using HFPSs and role play 

were evaluated.  Participants were randomly divided into six groups and within the 

groups students were then randomly assigned to play the role of the primary nurse, 

secondary nurse or family member (Ertmer et al., 2010).  Each of the participants 

received the same didactic information about the test scenario and received an orientation 

to the simulation lab.   

The simulation consisted of a 15 minute scenario incorporating the use of a high-

frequency patient simulator to emulate a patient suffering from a stroke (Ertmer et al., 

2010).  After the simulation, each group was asked to watch their recorded simulation 

and make comments on the performance.  The study collected debriefing information 
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through written individual reflective sheets, oral collaborative team debriefing, and the 

interview transcript (Ertmer et al., 2010).  The study indicated that a majority of 

participants (15 of 17) exhibited reflection (a critical thinking skill) after participating in 

the simulation activity.  Likewise, participants assigned to all three of the roles engaged 

in self-evaluation and used logical reasoning to evaluate their performance.  A majority 

of participants were able to apply standards during the simulation role-play (Ertmer et al., 

2010).   

Although this particular study addressed only a few of the many critical thinking 

skills, the use of simulation activities may serve as a potentially valid method of engaging 

the critical thinking skills of healthcare students. The simulation may help students to 

eventually function at a higher level in the clinical setting and within the healthcare team 

environment (Ertmer et al., 2010). 

Lasater (2007) studied two groups of 12 third-year baccalaureate degree nursing 

students during simulation activities to develop a workable rubric for the assessment of 

clinical judgment and evaluation of the participants’ responses during simulation 

scenarios on clinical judgment.  In the study, Lasater identified the main components of 

critical judgment as effective noticing, interpreting, responding, and reflecting.  Each 

element in Lasater’s study contained sub-components such as focused observation, 

prioritizing data, clear communication, skillfulness, and commitment to improvement.  

During a seven-week period, the groups of students participated in simulation scenarios 

using the HFPS and alternating patient care roles.  In the last week, eight of the observed 

participants took part in a focus study (Lasater, 2007).   

The study indicated that participants perceived that the simulation scenarios 
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helped them to think about what the patient needed and helped them formulate a correct 

response (Lasater, 2007).  Of particular interest is the finding that student participants 

perceived that participation in the simulation activities provided them with meaningful 

collaborative experiences and working in teams enabled them to learn and develop their 

clinical judgment from the experiences of their teammates (Lasater, 2007). 

Improving teamwork.  Teamwork within the healthcare system is critical to 

patient safety.  Quality patient care relies on the synergy of interactions from individuals 

of diverse backgrounds, skills, expertise, and experiences (Rosen et al., 2008).  Krange et 

al. (2012) conducted a study using a computer-based three-dimensional simulation to 

evaluate the communication practices in a group of various healthcare professionals as 

they performed a patient examination and diagnostic work in a trauma setting.  In the 

study, a total of six groups tested in the three-dimensional virtual simulation.  Three of 

the teams consisted of students, and three other teams consisted of specialized 

professionals including a surgeon, an anesthetist, a nurse anesthetist and an emergency 

room nurse ( Krange et al., 2012).   

Members of each team shared the same computer-based three-dimensional model 

of an emergency room which was connected through a broadband Internet solution.  The 

individual members of the team were geographically separated yet communicated 

through the use of an in-program system.  Each team worked within the simulation for 30 

to 60 minutes, which produced six hours of recorded video for data analysis (Krange et 

al., 2012).  The study reported significant findings in the how the participants 

communicated the simulated observations of the patient, examinations, and vital signs to 

the other members of the team.  Members of each group were able to draw on their 
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previous experiences and knowledge to collectively and correctly treat and diagnose in 

the trauma environment (Krange et al., 2012). 

Possible Effects on Learning 

Although the literature supports simulation-enhanced education as an effective 

teaching method, it has also been suggested that not all learners may respond to a 

particular simulation in the same way or achieve the same educational outcomes (Vogel-

Walcutt et al., 2010).  There are two major learning theories that are juxtaposed on 

simulation-enhanced education: constructivism (Vygotsky, 1978) and the cognitive load 

(Kalyuga, 2012).  All constructivist approaches agree that learning tends to take place 

when learners are allowed to create their mental models of the information (Vogel-

Walcutt et al., 2010; Vygotsky, 1978; Yoders, 2014).  This type of learning model, 

according to Vogel-Walcutt et al. (2010) includes the provision of skills and support in 

the form of modeling and mentoring to encourage the learner to the extent that he or she 

will be able to construct a model of the information for themselves instead of just 

receiving the information.  

Providing a method for students to refine a particular psychomotor skill is one of 

the educational goals of incorporating simulation-enhanced education in a curriculum.  

Other objectives of simulation-enhanced education include developing critical thinking, 

responsive actions, and problem-solving skills of students.  Within the scope of 

simulation-enhanced education, problem-based learning can be utilized if careful 

attention is given to the learning environment and knowledge base of the student.   

Arguments against constructivism have come from the possibility that in the 

construction of the learning model, the learner could potentially ignore information that is 
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vital to the solution of the problem (Kalyuga, 2012; Paas & Sweller, 2012).  Learners 

who may be inexperienced in a particular area lack supportive background knowledge 

and experience that could prevent them from distinguishing which information is 

immediately important and which is nonessential.   

Without the fundamental knowledge or general psychomotor skills required to 

complete a given simulation activity, learners may become overloaded with information, 

confused, and frustrated.  At that point, the simulation may hurt the student, 

compromising the learning experience (Vogel-Walcutt et al., 2010).  The constructivism 

theory posits that the learner is responsible for his or her own learning and is likely to be 

involved in the learning process as long as the simulation activity is within the proximal 

zone of development ability of the student, or if the student is at a more advanced level 

(Vygotsky, 1978).  Simulation-enhanced education may lead to a more viable conceptual 

knowledge, integrated knowledge, and decision-making skills (Vogel-Walcutt et al., 

2010; Vygotsky, 1978; Yoders, 2012). 

Cognitive load theory (Fiorella et al., 2012; Kalyuga, 2012; Paas, & Sweller, 

2011) describes instructional strategies on human cognitive architecture and focuses 

primarily on the limited capacity and duration of working memory.  This theory, 

acknowledging the value of the knowledge base stored in long-term memory, describes 

how students process information and learn.  According to Kalyuga (2012), “Most of 

organized knowledge in long-term memory is stored in the form of generic knowledge 

structures (schemas) that allow mental categorization of problem situations, represent 

concepts and procedures, and governs our behavior”(p. 65).  Furthermore, according to 

Kalyuga, the working memory has neither the capacity nor the sustainability necessary to 
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function at the normal requirements for the human intellect.   

The relationship that exists between working memory and long-term memory 

allows the information stored and organized in schemas to be available in the working 

memory as long as it is not new information (Paas & Sweller, 2011). The human system 

of learning has a safeguard that limits the amount of new information that can be 

processed in a short span of time to allow for correct processing and cataloging of the 

new information.  Kalyuga (2012) associated this failsafe with the concept that an 

individual’s working memory works to process information that is within the individual’s 

focus of attention.  Working memory is limited in both duration and capacity when 

students are working with new information.  The creation of schemas allows the memory 

to process and store information in large chunks instead of small singular bits of 

information, reducing the limitations of the working memory, if the learner acquired the 

knowledge as an organized structure (Kalyuga, 2012).   

Encouraging students to practice skills until they become second nature may 

reduce the likelihood of cognitive overload.  When basic psychomotor skills or cognitive 

activities become automatic, more of the working memory can be utilized to deal with 

more complicated exercises without overburdening the cognitive load (Vogel-Walcutt et 

al., 2010).  The cognitive load theory proposes that there is a limited amount of 

information processed in the working memory at any point in time (Kalyuga, 2012).  The 

working memory is able to accept additional information, however, it is not able to 

encapsulate, organize, or store this additional information in long-term memory (Fiorella 

et al, 2012). 

Long-term memory has a much greater storage capacity than the working 
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memory.  Information can enter the long-term memory and become assimilated with 

other information into existing schemas (Vogel-Walcutt et al., 2010).  As the learner 

expands his or her knowledge, the ability to synthesize information increases, putting less 

stress on the working memory.  Simulation-enhanced education is a method of refining 

psychomotor and decision-making skills through the use of practice and conditioning 

(McGaghie, Issenberg, Cohen, Barsuk, & Wayne, 2011).  Increasing the level of 

technology and difficulty in the simulation to match the learner’s increasing intellectual 

abilities allows the learner to draw from acquired knowledge and apply that knowledge to 

new situations (Vogel-Walcutt et al., 2010).  Additional theories may impact learning in a 

simulation-enhanced environment designed for allied health education. 

Contextual Relevance of Simulation in Allied Health Education 

At the community college level, simulation-enhanced education is routinely used 

in nursing and other allied health programs, such as radiologic technology, to facilitate 

learning through all three domains (Goodstone et al., 2013).  The use of simulation in 

allied healthcare programs provides a safe environment for students to practice, self-

correct, and develop skills without endangering the health or well-being of a patient 

(Vogel-Walcutt et al., 2010).   

In many community college programs, simulation-enhanced education is being 

used to provide students with real-life experiences as an alternative to limited clinical 

space (Lasater, 2007).  Although the majority of research involving the use of simulation-

enhanced education in allied health has focused on nursing, there are two recent studies 

that investigated its use in other programs such as radiologic technology, respiratory 

therapy, and occupational therapy (Pfaff, 2014; Titzer, Swenty, & Hoehn, 2012).  Both 



Texas Tech University, Jamie S. Tucker, May 2018 

57 

studies focused on inter-professional collaboration and communication that are 

components of the affective domain. 

Simulation-Enhanced Education in Radiologic Technology 

Although the review of the literature conducted for this study resulted in very 

little information on this topic, the use of simulation-enhanced education is a common 

teaching method in radiologic technology.  Many components of radiologic technology 

education are adaptable to simulation-enhanced delivery such as, patient care, 

radiographic positioning, and radiation equipment and physics.  Specific types of 

simulation activities incorporated include role-play of patient care scenarios and 

radiographic positioning.  The use of non-energized radiographic phantoms is also 

routinely incorporated in radiographic positioning courses in conjunction with the use of 

an energized x-ray unit.  The energized x-ray unit is often also used in simulation 

activities centered around radiographic physics and proper exposure technique. 

Patient safety is always the first consideration, and the use of simulation-enhanced 

education, using role-play and non-radiographic models, to promote the psychomotor 

skills required to master specific positions and procedures, are preferred over exposing a 

patient to harmful radiation (Adler & Carlton, 2015; Bushong, 2014; Rose & McIntosh, 

2015).  Missing in the knowledge base of radiologic technology education is information 

that addresses the use of simulation-enhanced education to facilitate student learning in 

the cognitive and affective domains, including the development of critical thinking skills.  

Collaboration with nursing colleagues may forge a complete utilization of simulation 

technology, as educators in allied health programs gain experience in the development 

and execution of simulation activities designed to facilitate cognitive, communication, 
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and team-working skills in students (Pfaff, 2014; Titzer et al., 2012).      

Theoretical Framework of the Study 

The theoretical framework that guides this study was comprised of components of 

three adult learning theories.  All of the adult learner theories that form the theoretical 

framework have application in simulation.  Along with the adult learning theories, the 

perception that learning is an individual and fluid activity that may be influenced by the 

learning environment and preferred learning style centered this study (Knowles, 1995; 

Kolb, 1971).        

Components of Adult Learning Theories 

The study was guided by the components of the cognitive learning theory (Piaget, 

1972), the social cognitive theory (Bandura, 1977, 1993, 2005) and the constructivist 

learning theory (Vygotsky, 1978).  All of these theories of adult learning have sanctioned 

active learning environments such as those that are developed in simulation.  Each of the 

adult learning theories that comprised the conceptual framework for this study support the 

use of active learning environments in adult education (Merriam, Caffarella, & 

Baumgartner, 2007). 

The cognitive learning theory (Piaget, 1972) centers on how the individual 

processes information.  As an instructional delivery method and learning environment, 

the goal of simulation-enhanced education is to establish a safe learning environment that 

closely mirrors real-life work situations and environments (Vogel-Walcutt et al., 2011).  

Simulation-enhanced education provide the opportunity for students to practice, make 

mistakes, self-correct, and most importantly learn.  In addition, simulation-enhanced 

education helps adult students build upon previous experiences and utilize their internal 
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mental processes (Rutherford-Hemming, 2012).   

Data from research studies have indicated that simulation can be adapted for use in 

many fields of study and has been utilized in medical education for centuries (Alinier, 

2007; Bradley, 2006; Lasater, 2007; McGaghie et al., 2011).  Simulation-enhanced 

education has application for use in allied health programs concerned with protecting the 

safety and well-being of patients.  Simulation techniques attempt to provide real-life 

experiences for students to practice, self-correct, and master skills that will be needed in a 

clinical setting (Vogel-Walcutt et al., 2010).  Different types of simulation activities can 

be used to address the three domains in which learning takes place.  Learning that takes 

place in the cognitive domain improves functions such as interpreting, remembering, 

analyzing, and applying knowledge (Bradley, 2006).  Although individuals may have 

preferred methods or styles of processing information, each person still learns in the three 

domains (Bradley, 2006; Kolb, 1984; McGaghie et al., 2010; Vogel-Walcutt et al., 2010).   

The social cognitive theory (Bandura, 1977, 1993, 2001, 2005) focuses on how 

students can learn from other students, the environment, and from their own actions.  The 

psychomotor domain represents learning that is connected with manual dexterity and 

perceptual abilities (Ross, 2015), whereas learning that takes place in the affective 

domain includes aspects of communication, critical thinking, and response decision-

making (Lasater, 2007).  There are several concepts of simulation that are fundamental to 

the success of the activity with respect to student learning.   

Perhaps one of the most significant concepts of simulation is that in order for 

students to learn, they must practice (Boet et al., 2011; Ross, 2015; Sturm et al., 2008).  

Although the concept is implicit when learning in the psychomotor domain, students also 
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need practice in the affective domain functions such as using critical thinking skills, 

communication within a team, and response decision making (Azer, Guerrero, & Walsh, 

2013; Goodstone et al., 2013; Rosen et al., 2008; Steadman et al., 2006).  Feedback is 

another concept of simulation that is important for student success but also one that should 

be used in tandem with practice (Ertmer et al., 2010; Lasater, 2007).  Practice, such as that 

offered through simulation-enhanced education can facilitate self-regulation in students 

and encourage the use of metacognition.     

The social learning theory emphasizes observation, modeling, self-reflection, self-

regulation, and self-efficacy (Bandura, 1977, 1993, 2001, 2005; Rutherford-Hemming, 

2007) all of which are components of simulation.  Incorporating simulation-enhanced 

education allows the student to think not only about the importance of a task or procedure 

but also how that procedure relates to the real world (Bligh & Bleakley, 2006).  Feedback 

that provides the student with verbal, auditory, or written critique on the performance 

helps the student to understand correct and incorrect procedures (Lasater, 2007).   

The constructivist learning theory (Vygotsky, 1978) focuses on the concept that 

knowledge is constructed when the student attaches meaning to an experience or activity.  

Although there are many components of the constructivist learning theory (Bell et al., 

2013; Dewey, 1938; Kolb, 1984; Vygotsky, 1978), all agreed that the formation of an 

active learning environment is crucial.  According to Schunk (2012), learners actively 

build upon prior knowledge in the construction of new understandings, and it is the 

reliance on past experiences that helps them to synthesize new information.   

Vygotsky (1978) introduced the theme of the zone of proximal development which 

is described as the area of cognitive difference between what a learner can do either on his 
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or her own or with guidance.  There are two extensions of Vygotsky’s (1978) zone of 

proximal development that have application in simulation environments, scaffolding 

(Bruner, 1977, 1996) and cognitive apprenticeship (Collins, 1991).  The educational 

process of scaffolding provides the learner with high levels of support at the beginning of 

the learning process and then progressively diminishes the support as the learner, building 

upon his or her prior experience, accomplishes increasingly difficult goals (Reiser, 2004).  

Cognitive apprenticeship is the gradual transfer of expert knowledge to a novice through 

the process of, (a) modeling or demonstration, (b) performance feedback, (c) scaffolding 

that allows the learner to become more self-regulating, and (d) mentoring with 

performance evaluation (Collins, 1991).  Although each of the adult learning theories 

discussed above have a central focus, there are many areas, such as the importance of an 

active learning environment; the need for observation, mentoring, and practice, building 

upon prior knowledge, and the importance of valid and constructive feedback that are 

found in all three (Merriam et al., 2007; Rutherford-Hemming, 2007).              

Along with the concepts of adult learning theories, the study was also guided by 

certain perceptions of learning.  The overarching perception of learning that was used to 

center this study is that learning is a fluid activity (Kolb, 1984).  As such, there are 

multiple external and internal influences that can impact how or to what degree an 

individual learns (Fenton, & Watkins, 2014; Kolb, 1984; Pew, 2007; Yamazaki, 2005).  

Kolb (1984) described different learning styles that help describe the stages of the learning 

cycle individuals may prefer or rely on more often.  The stages assist learners in the 

process of constructing knowledge, and are represented as concrete experience, reflective 

observation, abstract conceptualization and active experimentation.   
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Student motivation as discussed by Pew (2007) is influenced by the learning 

environment and teaching style.  The level of student motivation is also linked to student 

success, according to Pew (2007).  Evidence suggests that increased student achievement 

and satisfaction occur when learning styles and teaching styles or methods are compatible 

(Ebeling, 2000).  These components of the cognitive learning theory, the social cognitive 

learning theory, and the constructivist learning theory, along with the perception of 

learning as a fluid process and their relationship to simulation, form the theoretical 

framework that grounded this study. 

Summary 

Radiologic technology is a healthcare profession that requires cognitive, 

psychomotor, and critical thinking skills to provide safe and efficient patient care.  As our 

society increases in number and the life expectancy of individuals increases, there are 

greater demands for healthcare.  The demand for radiologic technologists is expected to 

grow in response to the continued need for healthcare professionals (Bureau of Labor 

Statistics, 2013; Texas Workforce Commission, 2013).  Educational programs of study in 

radiologic technology are offered by hospitals, proprietary institutions, community 

colleges, and four-year universities (Joint Review Committee on Education in Radiologic 

Technology, 2015).  These programs graduate thousands of radiologic technologists each 

year. However, educators continue to search for teaching methodologies and improved 

curriculum to help develop and better assess the cognitive, psychomotor, and critical 

skills of the radiologic technology student. 

Simulation-enhanced education is an available teaching method that has 

demonstrated its adaptability and effectiveness in promoting learning in the cognitive, 
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psychomotor, and affective domains.  Simulation is the process of imitating a real-life 

situation or process for the purpose of education.  This type of learning activity or 

environment provides a safe alternative for repetitive practice for students without 

endangering patient health.  Simulation-enhanced education can encompass varying 

levels of technology and can incorporate student-led or instructor-led activities.  Studies 

have demonstrated success in incorporating simulation-enhanced education in many 

fields of study such as aviation and military training (Bradley, 2006).  Advancements in 

technology have facilitated the incorporation of high fidelity patient simulators in 

multiple areas of medical, nursing, and allied health education.  Just as with all teaching 

methods, learning through the use of simulation-enhanced activities may not be at the 

same level or demonstrate the same effectiveness for every participant or learner. 

The engagement of activities and participation in learning experiences helps 

students build upon a theory and move from knowing and remembering information to 

synthesizing, applying and evaluating that knowledge.  The components of adult learning 

theories that focus on dedicated practice, observation, and performance feedback, along 

with curriculum integration guided the present study in focusing on radiologic technology 

education and teaching methodologies such as simulation-enhanced education that 

promote student success. 

The methodology and research design of this study are discussed in Chapter III.  

The instrumentation that was incorporated, the selection of participants, and the study 

setting are also included.  Chapter III describes the data collection and data analysis 

processes along with methods that were incorporated to improve the trustworthiness of 

the study.  A summary of the context of the study and the researcher are also presented. 
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CHAPTER III 

METHODOLOGY 

Chapter III presents the methodology and research design that was used to address 

the research questions for this qualitative study.  The following topics are presented: (a) 

restatement of the purpose of the study, (b) restatement of the research questions, (c) 

research design, (d) data collection, (e) data analysis, (f) trustworthiness of the study, and 

(g) context of the study and the researcher.   

Restatement of the Purpose of the Study 

The purpose of this qualitative collective case study was to explore the 

experiences and perceptions that second-year radiologic technology students had of 

simulation-enhanced educational activities at a large, urban community college in 

Southeast Texas.  This study focused on the experiences that these students had with 

simulation during their enrollment in their radiologic technology program, and their 

perceptions regarding the acquisition of knowledge, communication skills, and 

psychomotor abilities from simulation-enhanced activities.  Additionally, this study 

explored how the students perceived the usefulness of simulation activities in relation to 

the application of concepts and theories of radiologic technology in the clinical setting.  

A better understanding of the experiences and perceptions second-year radiologic 

technology students have of simulation-enhanced education will address the problem in 

practice of a lack of evidence regarding students’ experiences in simulation activities in 

radiologic technology education and their perceptions of how simulation activities helped 

them apply the concepts and theories of radiologic technology. 
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Restatement of the Research Questions 

The following three research questions guided the study: 

1. How do community college second-year radiologic technology students 

describe   their experiences and perceptions of simulation-enhanced education 

activities? 

2. What are the perceptions and experiences of community college second-year 

radiologic technology students regarding the acquisition of knowledge, 

communication skills, and psychomotor abilities from simulation-enhanced 

activities? 

3. How do community college second-year radiologic technology students 

perceive the participation in simulation-enhanced activities increased their 

ability to apply concepts and theories of radiologic technology in the clinical 

environment? 

Research Design 

Establishing the Paradigm 

Qualitative research studies utilize multiple forms of data and data collection 

methods to understand a problem (Creswell, 2016).  In qualitative studies, the researcher 

builds upon information and gathers data from different perspectives to provide a 

complex picture.  Qualitative studies utilize multiple forms of data collection such as 

questionnaires, semi-structured interviews, focus groups, and field observations (Orcher, 

2005).  Qualitative researchers can incorporate abductive reasoning that, according to 

(Taatila & Raij, 2012), accepts the view “that the world is complex and has unlimited 

numbers of interacting variables” (p. 834).   
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The use of a qualitative methodology provides the researcher with an operational 

stance that can expand to provide a better understanding of the depth of an issue as 

perceived by the individuals who have experienced or undergone that particular issue or 

event (Taatila & Raij, 2012).  The structure of a qualitative study is related to the 

operational philosophy of the researcher, often referred to as the researcher’s paradigm or 

world view, and those assumptions help to guide how the research is conducted 

(Creswell, 2013).  

According to Connelly, Sackett, and Walters (2013), a paradigm is a framework 

or collection of accepted ideas about how something should be done or thought about.  

The paradigm is the lens through which the researcher views knowledge is constructed.  

It is the set of beliefs that a researcher brings to the study (Creswell, 2013).  There are 

several paradigms that are compatible with qualitative research such as, social 

constructivism, postmodernism, pragmatism, and feminist theories, among others.   

This study was conducted through the lens of the pragmatic paradigm.  

Pragmatism is an interpretative paradigm that focuses on the outcomes of the research 

instead of the issue itself (Creswell, 2013).  Researchers utilizing this type of worldview 

incorporate abductive and inductive reasoning to identify possible applications and 

develop solutions (Chennault, 2013). Within this paradigm, multiple methods of data 

collection are utilized, and the different types of data collected are analyzed to provide an 

answer to the research questions (Creswell, 2013).  The pragmatic paradigm has 

application in educational research in that it promotes understanding of an issue or field 

of interest and focuses on integrating concepts into a broader view (Age, 2011).  

Creswell (2014) indicates that most qualitative research relies on text and image 
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data to help describe the setting of the study in which the collection and analysis of data 

and observations contribute to shaping knowledge.  The pragmatic paradigm supports a 

pluralistic approach and qualitative design where multiple forms of data collection can be 

used to achieve an expanded understanding of an issue or problem (Creswell, 2014).  The 

conduction of this study through the pragmatic lens was important to this study because 

of the emphasis it places on action, situations, the consequences of actions, and solutions 

( Creswell, 2014).   

Type of Study 

There are many research approaches that can be used in conducting a qualitative 

research study.  Creswell (2013) indicates that the following designs are adaptable for 

qualitative research; (a) narrative, (b) phenomenological, (c) grounded theory, (d) 

ethnographic, and (f) case study.  The narrative approach is often a biographical study, an 

autoethnographic study, a life history, or an oral history of personal reflections of events 

from one or several individuals. Phenomenological research is used to describe the 

common meaning for several individuals of their lived experiences (Creswell).  The use 

of the grounded theory approach in qualitative research generates or discovers a theory 

from examining multiple individuals who share the same process, action, or interaction.  

Ethnographic research focuses on an entire culture-sharing group.  Case study approaches 

in qualitative research focus on the understanding of a single issue or problem and can 

include multiple participants or only one (Creswell, 2013). 

This study was conducted using a collective case study design.  Case study 

designs focus on participants who are in groups that are associated with a specific event 

or period (Creswell, 2013; Orcher, 2005), and are often utilized in studies that explore 
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relevant issues and problems (Turner & Danks, 2014). As a type of qualitative study, case 

studies focus on describing the experiences of individuals (Polkinghorne, 2005).  

Collective-case studies involve collecting data from multiple cases, resulting in the 

findings being based on the analysis of all of the cases (Creswell, 2013; Merriam & 

Tisdell, 2016).  The collective case study research design was used to conduct this study.  

This approach allowed the researcher to analyze multiple perspectives and experiences 

from the study participants to establish a combined understanding (Creswell, 2013; 

Merriam & Tisdell, 2016).  The use of a collective case study design allowed the 

researcher to focus on the effectiveness of simulation-enhanced educational activities in 

radiologic technology from the perspectives of multiple students, the cases, at one 

community college.   

Study Setting  

The setting for this study was a large, urban, multi-campus community college 

located in Southeast Texas.  The college is described as a public, two-year undergraduate 

school, by the Carnegie Classification System (NCES, 2018).  Classification as a two-

year undergraduate school indicates that the highest degree awarded by the study 

institution is an associate degree.  It provides an educational opportunity for the fourth 

largest city in the United States and offers academic and workforce programs to the 

commuter student specifically and sponsors an accredited radiologic technology program. 

The study institution houses the radiologic technology program at a campus 

located in the Northwest section of the city in which it is located.  The 2016 enrollment 

data from the fall semester for the institution was that of the 71,551 students enrolled, 7% 

identified as Asian, 14% identified as Black or African American, 38% identified as 
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Hispanic, 32% identified as White, 7% identified as two or more races or ethnicity 

unknown, and 3% identified as non-resident alien (NCES, 2018).  The student population 

for this enrollment period included 58.2% women and 41.8% males (NCES, 2018.).   

The demographic information for the group of second-year radiologic technology 

students at the study institution identified a total student enrollment of 23.  The student 

population for this enrollment period included 60% women and 40% males.  

Additionally, 13 % identified as Asian, 8% identified as Black or African-American, 13% 

identified as Hispanic, and 65% identified as White.  The ethnicity of the second-year 

students enrolled in the radiologic technology program were provided by the study 

institution and do not exactly mirror the demographics of the entire institution, however 

there is representation across all indicated ethnicities and gender. 

The radiologic technology programs sponsored by this institution maintained 

programmatic accreditation from the Joint Review Committee on Education in 

Radiologic Technology (JRCERT).  The JRCERT (2015) is the only organization 

recognized by the U.S. Department of Education and the Council for Higher Education 

Accreditation for the accreditation of educational programs in radiologic technology and 

currently manages the accreditation standards of practice for approximately 750 

educational programs.  According to the JRCERT, the state of Texas has 36 accredited 

radiologic technology programs, which is greater than any other state in the nation.  

Within the geographic service area of the study institution, there are eight JRCERT 

accredited radiologic technology education programs. 

Participants 

The participants for this study were 12 second-year radiologic technology 
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students at the study institution.  To ensure that the participants were at the same 

academic level and had experience with simulation-enhanced education activities in 

radiologic technology, specific inclusion criteria was used and included students who: (a) 

were in the second year of the radiologic technology program, (b) had successfully 

completed all of the radiographic positioning and radiographic equipment courses in the 

program’s degree plan, (c) had successfully completed three or more clinical courses, and 

(d) had participated in simulation activities during their training in radiologic technology.  

The inclusion of only second-year students in this study was used to capitalize on the 

number and types of courses that had been completed and to ensure that participants had 

completed didactic and clinical courses.  Including only second-year students was 

important because they would have completed the courses in which simulation-enhanced 

educational activities are most commonly utilized.  Participants were selected for their 

interest and ability to describe their individual experiences and perceptions of simulation-

enhanced education in radiologic technology. 

Sampling 

According to Orcher (2005), the sampling process for qualitative studies does not 

focus on obtaining the largest sample.  The sampling for qualitative studies centers 

around the selection of individuals who can best help with the understanding of the 

subject being explored (Creswell, 2015).  Several sampling methods are appropriate for 

use in qualitative studies including convenience sampling and purposive sampling (Levy, 

2008).  Convenience sampling incorporates the use of volunteers that are available to 

participate in a research study, and according to Orcher (2005), are presumed to be biased 

samples.  Purposeful sampling is often used in qualitative research to provide in-depth 
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information about the focus of the study because the participants have specific criterion 

in common (Creswell, 2015). 

The goal in using purposeful sampling in this study was to include participants 

who were at the same academic level and had participated in simulation-enhanced 

activities during their radiologic technology training.  Purposeful sampling was utilized to 

identify 12 participants.  A study sample of 12 participants represented at least one half of 

the total number of second-year students in the cohort enrolled in the radiologic 

technology program selected for the study and provided multiple contexts and 

perceptions (Creswell, 2013).     

Data Collection 

Data collection, according to Creswell (2014) is the process of obtaining 

information to be used in a research study.  In qualitative studies, the researcher is 

responsible for data collection (Creswell, 2014).   There are many data collection tools 

that are utilized in qualitative research such as the use of personal interviews, 

observations, audio visual material, and document review (Creswell, 2013).  The data 

collection tools used in this study were influenced by the pragmatic paradigm that 

endorses the use of multiple data collection tools.      

The data collection tools used in this study included: (a) collection of data through 

semi-structured participant interviews, (b) collection of data through the process of 

document review, and (c) field notes from the researcher’s journal.  According to 

Creswell (2016), "The hallmark of good qualitative research is the use of multiple 

sources" (p. 112).  Data for this study were collected through the use of open-ended 

individual interviews with 12 second-year radiologic technology students.  The 
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interviews followed a semi-structured format that allowed the participants to describe 

their perceptions and experiences of simulation-enhanced education Malthouse, Watts & 

Roffey-Barentsen, 2015; Webb & Kevern, 2000).  The interview questions included basic 

demographic information but focused on participants’ perceptions and experiences of 

simulation-enhanced educational activities during their radiologic technology training.  

In addition to the semi-structured interviews, data from field notes, documents 

and records, and the reflections of the researcher was collected.  Field notes were taken 

during each of the semi-structured interviews contained information about the setting and 

commentary on the dialogue of the interview.  Program effectiveness documents included 

information such as program completion rates, certification examination pass rates, 

graduate employment rates, as well as student and program learning outcomes were 

collected.  The reflections of the researcher were compiled in a reflexive journal that 

recorded the perceptions held by the researcher during the data collection and data 

analysis processes.  In qualitative studies, human perceptions and actions are recorded as 

data to help answer research questions.  The analysis of data was initiated after the 

collection of data was completed. 

Data Analysis 

The process of data analysis incorporates the summarizing information, 

organizing the information and drawing conclusions from the data collected from all of 

the sources utilized in the research (Creswell, 2014).  In qualitative studies, multiple 

forms of data are methodically examined to produce the emergence of themes.  The 

process of data analysis involves preparation, organization, reduction into themes through 

coding, condensation of the codes, and representation of the data (Polkinghorne, 2005).  
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Preparation of study data can include the transcription of participant interviews from 

audio recordings and the organization of visual images such as photographs, field notes, 

and journal entries for analysis (Creswell, 2013).  The organization of study data should 

begin by organizing the data into computer files that can easily be located and reviewed 

(Patton, 1980).  Some qualitative researchers utilize computer-aided data analysis 

software that organizes the data into categories while others incorporate hand-written 

index cards (Creswell, 2014).  Once the study data has been organized the process of 

coding and categorizing the data takes place. (Rossman & Rallis, 2012).  The ongoing 

reevaluation of the data and consolidation of chunks of similar data continues until 

themes emerge (Creswell. 2013).  The last process of data analysis is presentation of the 

findings (Polkinghorne, 2005). 

There are several processes that are appropriate for use in qualitative, collective 

case studies.  Examples of those processes include; constant comparison, open coding, 

axial coding and triangulation (Creswell, 2013).  Constant comparison through the 

process of coding compares newly collected data to existing data.  Open coding is the 

initial process of sorting the data collected and axial coding that relates categories 

through the use of inductive and deductive thinking (Corbin & Strauss, 1990).  

Triangulation refers to the analysis of multiple types of data that supports a major theme 

(Creswell, 2014). 

In this study, constant comparison, open coding and axial coding methods were 

used to analyze data.  The process of data analysis helped to discover patterns that existed 

between cases (Corbin & Strauss, 1990).  The analysis of data began as it was collected 

and culminated in the production of themes (Creswell, 2014).  Lastly, a narrative was 
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created that describes the findings obtained from the study.  Interpretations and findings 

of the data analysis were intended to be descriptive and full of details. 

Trustworthiness of the Study 

An important aspect of qualitative research is limiting the threats to the study’s 

trustworthiness and reliability (Polkinghorne, 2005).  It is imperative that qualitative 

studies demonstrate objectivity and truthfulness, through which they may obtain 

believability (Eisner, 2017).  As Eisner illustrated, “There are no operationally defined 

truth tests to apply to qualitative research and evaluation” (pg. 73).  There are, however, 

features within a qualitative study that help to make it believable, such as coherence, 

consensus, and instrumental utility (Eisner, 2017).   Lincoln and Guba (1986) have 

indicated that qualitative research must possess the following qualities to be considered 

trustworthy: credibility, transferability, dependability, and confirmability.   

Credibility refers to the process of ensuring that the participants’ perceptions and 

experiences are recorded and accurately identified in the findings of a qualitative study 

(Creswell, 2013).  Lincoln and Guba (1986), linked the credibility of a qualitative study 

to its internal validity.  Although Eisner (2017), did not utilize the same terminology, he 

proposed that in order for a qualitative study to be believable, it needed to possess 

coherence.  According to Eisner (2017), coherence refers to the tightness of the argument 

presented in the study, did the narrative make sense, and were the conclusions supported. 

In this study, the triangulation of the multiple forms of data was incorporated to increase 

the credibility.  Creswell (2016) described triangulation as the process of building 

evidence from different sources to develop themes.   

Transferability refers to how well the findings of the study can be applied to other 
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settings (Lincoln & Guba, 1986).  However, the nature of qualitative research and 

especially, case studies is to focus on a particular issue or phenomenon (Leung, 2015).  A 

pragmatic approach utilizing triangulation and constant comparison methods of data 

analysis helps to provide findings that may be generalized and applicable to other 

circumstances.  The characteristic of transferability as associated with this study involved 

the production of thick descriptive data.  Lincoln and Guba (1986), considered 

transferability to be analogous to external validity. External validity threats involve 

interactions that cause the researcher to draw incorrect inferences or assertions (Creswell, 

2014).   

Dependability refers to the accurate reporting of the findings in research (Lincoln 

& Guba, 1986).  Although the language used by Eisner (2017) is different, he also 

indicated that the internal validity of a qualitative study is related to consensus, or that the 

findings and interpretations reported by the investigator are consistent with the evidence 

presented.  According to Creswell’s (2013) recommendations for dependability, 

techniques such as triangulation and cross-checking were implemented to ensure the 

findings of this study were accurate and the integrity of the study remained intact.  In this 

study, dependability was established through the audit of the transcription of participant 

interviews, field notes including the researcher’s journal, and documents that included 

program effectiveness and student learning outcome data (Elo & Kyngas, 2007).   

Confirmability with respect to trustworthiness is analogous to objectivity (Lincoln 

& Guba, 1986).   To be objective, according to Eisner (2017), means to report 

experiences, perceptions, and findings in a way that reveals their actuality.  Several 

techniques were incorporated into this study to increase the confirmability. 
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Trustworthiness in this study was ensured through the incorporation of techniques such as 

triangulation, reflexivity, and the inclusion of contradictory information that ran counter 

to the emerging themes of the study. 

Context of the Study and Researcher 

The context of the study provides descriptions of the study institution and the 

study participants.  Additionally, the context of the researcher identifies personal 

attributes of the researcher, describes the educational background, and motivation of 

performing this research study.  

Context of the Study 

The context of this study was a large, urban, multi-campus community college in 

Southeast Texas.  The study institution houses a JRCERT accredited radiologic 

technology program.  The radiologic technology program offers similar courses as 

compared to programs offered at other community colleges and follows the prescribed 

professional curriculum.  Students enrolled in the radiologic technology program at this 

institution represented a diverse population; however, the racial and ethnic percentages 

represented in the cohorts of radiologic technology students did not exactly mirror the 

diversity present in the entire student body of the institution.  Likewise, the students 

enrolled in the technology program were both male and female even though the gender 

percentages for the entire institution were slightly different.  The students enrolled in the 

radiologic technology program represented variations in generational status, but again did 

not exactly mirror the generational status of the total student population.   

The radiologic program maintains an energized laboratory that contains a fully 

operational radiographic unit.  The laboratory also contains anatomic phantoms or 
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mannequins that the students use to practice making exposures and practice specific 

positioning for radiographic procedures.  Additionally, the laboratory had assorted 

medical equipment that would be used for basic patient care such as wheel chairs, 

stretchers, blood pressure devices, anatomical three-dimensional models and mannequins 

specifically used for intravenous contrast administration practice. 

The participants of this study were second-year radiologic technology students 

who had completed at least three clinical courses.  A total of 12 participants were selected 

for this study, using selection criteria to ensure that the of participants had some previous 

experience with simulation during their radiologic technology training. 

Context of the Researcher 

It is not uncommon for researchers to gravitate towards methodologies and 

designs that complement their worldview or philosophical outlook (Lumsden, 2012).  

Some researchers are more comfortable working with quantities while others are more 

comfortable working with words and observations.  As indicated by Orcher (2005), 

individuals with strong preferences in methodologies should consider their orientations 

when selecting research topics.  As humans, we tend to be interested in events and 

phenomena that either interest or affect us personally.   

At the time of the study I was employed at a large, urban community college in 

Southeast Texas and served as a full-time faculty member in the radiologic technology 

program.  Currently, I am a full-time radiologic technology faculty for a hospital-based 

program in Houston, Texas.  As a radiologic technology educator, I have access to 

information concerning programmatic accreditation, the professional curriculum for 

radiologic technology, and current program effectiveness on student success and 
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retention.  Furthermore, the role as full-time faculty allows me to teach and work one-on-

one with the students in the laboratory and clinical environments as well as in the 

classroom as a didactic instructor.   

As an educator with more than 25 years of teaching experience in radiologic 

technology, I have has served as full-time faculty for three different radiologic 

technology programs in the state of Texas.  As a radiologic technology educator, I have 

developed and utilized multiple forms of simulation-enhanced educational activities 

including patient care role-play scenarios, the use of non-interactive radiographic 

phantoms and role-play in radiographic positioning, and the use of three-dimensional 

models for venipuncture.  It has been my experience that these types of active learning 

environments facilitate student engagement.  During my tenure as a radiologic 

technology educator, I have incorporated various types of simulation-enhanced activities 

being cognizant of the impact these safe learning environments have on student practice, 

skill mastery, and most importantly, patient safety.  I have 35 years of practical 

experience working as a full-time faculty in radiologic registered radiologic technologist 

and 17 years of experience as a registered computerized tomography technologist.   

My educational background began with the completion of a diploma in radiologic 

technology from a hospital-based program.  I then completed an Associate of Applied 

Science degree with a concentration in radiologic technology and continued in school, 

completing a baccalaureate degree majoring in vocational education.  While working as 

the program director and full-time faculty for a radiologic technology program in Central 

Texas, I enrolled in and completed a master’s degree in education with a concentration in 

curriculum and instruction.  As a doctoral student, my goal is to facilitate positive 
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student-centered changes.  The educational background and participation in program 

management have provided me with opportunities to serve the radiologic technology 

profession, the community, and students.  They have shaped my priorities as well as my 

teaching philosophy that include effective teaching methods aimed at student success and 

retention. 

Summary 

This qualitative study utilized a collective case study design and a pragmatic 

paradigm to explore the perceptions and experiences radiologic technology students have 

of simulation-enhanced educational activities including the acquisition of knowledge, 

communication skills, and psychomotor abilities, as well as how they perceived 

simulation-enhanced activities increased their ability to apply concepts and theories of 

radiologic technology in the clinical setting.  Data collection included multiple sources 

such as semi-structured interviews, field notes, and program effectiveness documents.  

Data analysis incorporated the use of constant comparison, open coding, and axial coding 

identify emerging themes and address the research questions.  Trustworthiness in this 

study was ensured through the incorporation of techniques such as triangulation, 

reflexivity, and the inclusion of contradictory information that ran counter to the 

emerging themes of the study. 
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CHAPTER IV 

RESULTS 

Chapter IV presents the results of this qualitative study.  The topics that will be 

discussed include: (a) summary of the research design, (b) overview of the study 

institution and participant profiles, and (c) the study’s findings.  The purpose of this 

qualitative collective case study was to explore the experiences and perceptions that 

second-year radiologic technology students had of simulation-enhanced educational 

activities at a large, urban community college in Southeast Texas.  The study focused on 

the experiences that these students had with simulation during their enrollment in their 

radiologic technology program; their perceptions regarding the acquisition of knowledge, 

communication skills, and psychomotor abilities from simulation-enhanced activities; 

and how they perceived the usefulness of simulation activities in relation to the 

application of concepts and theories of radiologic technology in the clinical setting.     

The following three research questions guided the study: 

1. How do community college second-year radiologic technology students 

describe their experiences and perceptions of simulation-enhanced education 

activities? 

2. What are the perceptions and experiences of community college second-year 

radiologic technology students regarding the acquisition of knowledge, 

communication skills, and psychomotor abilities from simulation-enhanced 

activities? 

3. How do community college second-year radiologic technology students 

perceive the participation in simulation-enhanced activities increased their 
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ability to apply concepts and theories of radiologic technology in the clinical 

environment? 

Summary of the Research Design 

This qualitative collective case study was conducted through the lens of the 

pragmatic paradigm.  A collective case study research design was used to focus on the 

perceptions of and experiences with simulation-enhanced education of the 12 participants 

from the study institution.  The data collection process consisted of establishing the 

boundaries of the study and gathering information through multiple sources, including 

semi-structured interviews, field notes, and documents.  Prior to collecting any data for 

this study, approval was sought from the Texas Tech University Human Subjects Review 

Board.  Permission to conduct the research was also sought from the study institution.  

The study began after approval from both institutions was received (see Appendices A 

and B). 

Data Collection Process 

The first step in the data collection process was to perform an internet search for 

contact information for the Program Director of the radiologic technology program at the 

study institution.  Once the email contact information was obtained, an email was sent to 

the Program Director of the program asking for approval to conduct the study at the 

institution, as well as for the director’s assistance with conducting the study if he 

approved.  The email included an introduction to the study and a Description of the Study 

document that provided additional details (see Appendices C and D).  The email also 

contained verification of approval to conduct the study and details that outlined the 

inclusion criteria for potential student participants for the study.  These were: (a) must be 
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a second-year student in the radiologic technology program, (b) must have completed all 

of the radiographic positioning and radiographic equipment courses, (c) must have 

completed at least three clinical semesters, and (d) must have experience with simulation-

enhanced education activities. 

The Program Director approved the conduction of the study and agreed to assist 

with sending out the study information to the second-year cohort of students in the 

program (see Appendix E).  The recruitment email instructed students who were 

interested in participating in the study to contact the researcher by email.  Within 24 

hours of email notification of the student’s interest in participating in the study, I 

forwarded the student the informed consent document along with information about the 

expected length and proposed location for the individual interviews (see Appendixes F 

and G).  Interested students were asked to read through the informed consent form, sign 

it, and return it electronically.  Once the signed consent form was received, interview 

dates and times were arranged through email.   

From the cohort of radiologic technology students, 12 responded to the 

recruitment email.  The research design intended to utilize purposeful sampling in order 

to select a group of participants that closely resembled the demographics of the entire 

cohort of second-year students.  Through communication with the Program Director, the 

total size of the cohort was identified to be 23.  A participant group of 12 represented 

more than half of the total cohort population and so the decision was made to select all of 

those who responded.  The individual interviews were scheduled over the one-month 

period between March 16, 2017 and April 18, 2017 utilizing email.  The individual 

interviews were scheduled during the days and times that the participants would be on 
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campus but not in class and took place on Tuesday and Thursday mornings between the 

hours of 7:30 am to 9:00am and 10:30 am to 11:30 am.  The campus of the study 

institution houses a public library that contains 20 small, private study rooms that can be 

reserved through the library’s website.  Once a date and time for the individual interview 

was set, I utilized the public library website to reserve a study room.  Upon confirmation 

of the reservation, the specific study room number was emailed to the participant.  All 

interviews were conducted in one of the small, private study rooms that were located in 

the public library on the campus of the study institution.  

There were multiple methods of data collection employed in this study.  The 

primary data collection tools were the lens of the researcher and the semi-structured 

interviews with the 12 participants.  At the beginning of each interview, introductions 

were made and the participant was offered a bottle of water.  A copy of the signed 

consent form was available for the participant to review and every participant was 

reminded that participation was voluntary and that they could stop the interview at any 

time.  Each participant was asked if they agreed to have the interview audio recorded and 

all participants gave their permission. 

After the participants gave verbal permission, the audio recording of the interview 

began.  A small hand-held audio recorder was used.   An interview protocol was followed 

with each participant (see Appendix H).  The interview protocol included an overview of 

the study, review of its purpose, and opportunity for the participant to select a 

pseudonym.  An explanation of how the pseudonym would be linked to the input 

provided by each participant was included.  The protocol also included a scripted 

definition of simulation that was utilized throughout the study and participants were 
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informed that the study considered simulation to include role-play, the use of 

radiographic phantoms, three-dimensional models, and energized imaging equipment 

capable of producing x-radiation.  

All interview questions were posed to the participant in the same manner, using 

the same protocol and the same tone.   The first four questions in the interview protocol 

asked about the educational experience of the participant along with demographic 

information such as gender, ethnicity, and age.  Participants were also asked to describe 

why they chose to enroll in radiologic technology as a course of study and what aspects 

of the practice of radiologic technology were the most and least appealing to them.  The 

remaining eight questions in the protocol focused on their perceptions of simulation-

enhanced educational activities in radiologic technology.  Clarification was provided to 

participants who had questions about the study or the terminology used in the interview 

protocol.  Secondary questions were used as indicated by participant responses to engage 

the participant in dialogue and to establish rapport.   

The interviews varied in length, ranging from 20 minutes to one hour and 15 

minutes due to the varied natures of the participants and the willingness of each to 

discuss their experiences and perceptions of simulation in radiologic technology.   After 

all of the interview protocol questions had been addressed, the participant was given an 

opportunity to add any other information, perception, or comment about simulation in 

radiologic technology.  At the end of each interview, the participant was thanked for his 

or her participation and the audio recorder was turned off.   
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The audio recorded interviews were transcribed without the aid of special 

computer software or the use of any commercial service.  A simple word processing 

computer software was used to transcribe the audio files of the interviews verbatim 

within two weeks of the interview.  The length of the transcribed semi-structured 

interviews varied in length from 17 to 57 minutes.   Each transcript was extensively 

reviewed and compared with the audio recording to confirm an exact representation of 

the interview had been captured in writing and edited for any typographical errors.   

Data were also collected through field notes, and documents that included 

reflexive journaling as well as program effectiveness and outcome assessment data such 

as program completion rates, certification examination pass rates, graduate employment 

rates, as well as student and program learning outcomes.  These documents were used to 

obtain an overview of programmatic effectiveness and to help corroborate the findings.  

The field notes were made during the semi-structured interviews and recorded the date, 

time, and specific study room used for the interview.  The field notes also contain the 

written account of the observations and notations made during the interview process.  A 

reflexive journal was started after the initial approval for the study was received.  Journal 

entries were made electronically and chronicled the stages of research in which the study 

progressed.  The journal entries describe the professional experiences I have had with 

simulation and how those experiences shaped how I viewed the use of simulation in 

radiologic technology education.  

After the semi-structures interviews had been completed and transcribed, a 

meeting with the Program Director at the study institution was held to collect, review, 

and discuss the program effectiveness and outcome assessment data that had been 



Texas Tech University, Jamie S. Tucker, May 2018 

86 

generated by the radiologic technology program.  The documents included historical 

information.  Included in the documentation was the National Comparison Report 

generated by the American Registry of Radiologic Technologists.  This document 

provided a six-year statistical comparison of the first-time pass  

rate on the national certification exam by graduates of the program and the 

national average.  The report also included the program score for each of the five sections 

of the exam and compared them to the national scores.  

Additional documents included the 2016-2017 program assessment plan that 

listed the programmatic goals, program effectiveness measurements, and student learning 

outcomes.  The assessment plan identified the measurement tools for each program goal, 

program learning outcome, and student learning outcome along with the results for the 

past six years and an analysis of those results.  None of the program effectiveness 

documents contain any type of student indicator.  The use of the participant selected 

pseudonym were used in the transcriptions of the semi-structured interviews.   All of the 

data collected during this study was maintained in a locked cabinet or password protected 

computer.    

Data Analysis Process 

The data analysis for this study was conducted by the researcher without the aid 

of computer software.  The data collected for this study were analyzed using constant 

comparison, open coding, and axial coding (Creswell, 2013).  The field notes, program 

documents, and interview transcripts were reviewed by the researcher numerous times to 

comprehend the experiences and perceptions of the participants.  Program effectiveness 

documents were reviewed and described specific student learning outcomes related to the 
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use of simulation-enhanced education.  The comparison of data from the transcripts, field 

notes, and program documents produced recurrent key terms and phrases were noted.  

This process also revealed similarities and differences amongst the collected data.   

The open coding of study data began with a line-by-line examination of interview 

transcript, in the manner describe by Creswell (2016).  Key experiences, phrases, and 

words were recorded on individual index cards in various colored inks (i.e. blue, red, 

green, purple, orange, and pink).  The different colors of ink were not used as a method 

of coding the information but rather as a method of identifying the source of information.  

The program effectiveness documents were reviewed using open coding all of the student 

learning outcomes and programs goals were recorded on individual index cards using 

black ink.   

The same process of open coding was used with the field notes and key phrases 

and words from the field notes were recorded on individual index cards using brown ink.  

Triangulation of the study data involving the open coding of the interview transcription, 

program effectiveness documents, and field notes generated 192 individual index cards 

written in black, brown, and colored inks.   The study data from the interviews 

transcription, program effectiveness documents, and field notes that was represented on 

the index cards were reviewed and grouped into 18 broad categories as they related to the 

research questions of this study and the questions that were contained in the interview 

protocol.  Large poster boards were labeled with the broad category names and the index 

cards were affixed to the respective category.  After each broad category poster was 

complete, they were taped to a wall creating a visual map. 
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After the open coding was completed, axial coding was used to sort the data as 

suggested by Creswell (2013;2014;2016).  The broad category posters containing the 

affixed index cards were moved on the wall into similar cluster groups.  The process of 

moving the category posters into cluster groups identified that often the information on a 

single index card applied to multiple categories within that cluster.  It was necessary to 

group and regroup the category posters until themes emerged.  During the analysis 

process, the reflexive journal was used to record thoughts and notate any possible bias 

(Creswell, 2016).  The process culminated with the emergence of seven major themes 

that responded to the three guiding research questions.  

Participant Profiles 

The participants of the study were 12 community college students who were 

enrolled in the radiologic technology program at the study institution.  All of the 

participants were a part of a class of 23 students and were in the second year of their two-

year program of study.  Additionally, all of the participants were in their fifth semester 

and were enrolled in a Radiographic Pathology course as well as the fourth clinical 

course of the degree plan at the time of this study.  The profile of each participant is 

presented below.   

Lucy is a 44-year-old Caucasian female.  Lucy chose the radiologic technology 

program because it offered a variety of continuing education options and the possibility 

of learning different imaging modalities.  She said that she was interested in the medical 

field because she likes working with people.       

J.C. is a 46-year-old Caucasian male.  J.C. chose the radiologic technology 

program because he had always had an interest in the medical field and was ready for a 
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career change.  He stated that he enjoys the interaction with patients that working in 

radiologic technology provides.  

Zsa Zsa is a 46-year-old Caucasian female.  She classified herself as a “late 

bloomer.”  Zsa Zsa became interested in the radiologic technology program because she 

is interested in bony anatomy and wants a career where she can interact with people.  She 

stated that she enjoys helping people and likes to stay busy and active.   

Elaina is a 26-year-old female, who classified herself as Caucasian and Japanese.  

She became interested in radiologic technology because her father was a radiologist and 

he had encouraged her to pursue this field.  Elaina stated that she really likes helping 

people and working with geriatric patients.     

Bruce is a 23-year-old Vietnamese male. Bruce chose radiologic technology as a 

course of study because he wanted to help people.  Bruce said that the most enjoyable 

part of the work involves direct patient care.   

Mari is a 21-year-old Asian female. She chose radiologic technology because it 

was something she knew about and wanted to find out more.  She indicated that the 

aspect of radiologic technology that appealed to her the most was that there are standards 

and structure.   

Veronica is a 24-year-old Hispanic female.  She pursued radiologic technology 

because she loves helping people and is interested in learning more about the anatomy of 

the human body.  Veronica indicated that she enjoys the patient care aspect of the work, 

but sometimes working with patients who are sick and scared is hard.  

Lilly is a 38-year-old female, who classified her ethnicity as Taiwanese.  She 

stated that the medical field had always interested her and radiologic technology offers 
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many opportunities for advancement into other imaging modalities.  Lilly said she likes 

the patient care aspect of the work of a radiographer.                                    

Harvey is a 52-year-old Caucasian male.  Harvey had been unemployed before he 

came to the program.  He had spent time researching the job market and found the 

medical field appeared to offer many opportunities.  Harvey stated that working in 

radiology allows him to interact with patients and gives him the opportunity to provide 

them with quality patient care.   

Alice is a 23-year-old Caucasian female.  Alice enrolled at the study institution 

because it was affordable and she could easily get a job afterwards.  She stated that the 

customer service and patient care aspect of radiologic technology is what she enjoys. 

Patrick is a 25-year-old male, who identified his ethnicity as half German and 

half Columbian.  Patrick indicated that he had received encouragement to pursue 

radiologic technology as a course of study and career from his mother, who was 

employed in the medical field.  Patrick boasted that he is good with people and a decent 

communicator, and those qualities are important when working in radiology.   

Gavin is a 33-year-old Caucasian male.  Gavin was looking to change careers and 

the combination of patient care and the use of technology in radiologic technology 

appealed to him.  Patient care is something that Gavin likes about the work of a 

radiographer.  He stated that he enjoys being on the first lines of diagnosis and helping to 

figure out why patients are hurting. 
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Findings 

Simulation-Enhanced Activities in Radiologic Technology 

Research question one explored how second-year radiologic technology students 

described their experiences and perceptions of simulation-enhanced educational 

activities.  The analysis of the data collected to address this research question produced 

two main themes: (1) diverse use of simulation in radiologic technology education, and 

(2) participating in simulation activities impacted aspects of student learning.  Within the 

second theme there were three subthemes: (1) the importance of practice in simulation, 

(2) simulation complemented student learning style, and (3) need for additional types of 

simulation.   

Diverse use of simulation in radiologic technology education.  All of the 

participants had routinely participated in different types of simulation-enhanced 

educational activities during their enrollment in the radiologic technology program.  The 

use of simulation-enhanced activities was so wide spread in the program under study that 

Zsa Zsa stated, “I don’t think there’s a single course that we didn’t have some sort of 

simulation in.”  However, seven of the 12 participants indicated that most of their 

simulation experiences were in the patient care course, all of the radiographic positioning 

courses, the radiographic physics courses, and the pathology course.  Harvey stated that 

positioning a phantom to position in simulation is helpful but positioning on a person 

would be more realistic; however, because of the danger of exposure to radiation, Harvey 

understood and appreciated the reasons phantoms are routinely used.  Mari and Bruce 

supported Harvey’s perceptions of the use of simulation in radiologic technology, noting 

that they appreciated the practice simulation had afforded them such as honing their 
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radiographic positioning skills on the phantom instead of exposing a patient to harmful 

radiation.  Lilly explained that simulation activities she participated in during her 

radiologic technology training allowed her to, “really touch something and manipulate it 

so you can feel what doing it right is like.”    

All of the participants had experience with different types of simulation during 

their education in the radiologic technology program selected for this study including 

positioning phantoms, role-play, and the use of radiographic equipment.  Lucy, Bruce, 

Lilly, Elaina, Harvey, Patrick and Zsa Zsa discussed the use of non-interactive phantoms 

that contained simulated bones that the students could position in different projections 

and perform radiographic images on them. These radiographic phantoms were used in 

what Lucy and Lilly described as “lab drills.”  According to these two participants, the 

lab drills involved six different projections, selected by the instructor, and the student had 

to position the phantom and use the correct exposures within a specific period of time.   

Alice, Gavin, and Veronica added that they used these non-interactive x-ray phantoms in 

different trauma scenarios as well as to practice radiographic projections, such as the 

Trauma Hip, which are not often done in clinic.  Gavin described his viewpoint about the 

phantoms: 

The phantoms are a big help, especially the nice acrylic ones where you can see 

all the bone and joint spaces when you are starting out due to the amount of 

information and things like that, you have to learn.  Then actually being able to 

take images in an active lab before you walk into a clinical site, is really helpful. 

However, not all of the participants enjoyed working with the phantoms.  Zsa Zsa, 

Patrick, and Harvey voiced that they [the phantoms] were not realistic enough and were 
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hard to position.  Patrick elaborated on that concept by stating, “I do better when I work 

with a real person.” Although Harvey stated that he did not necessarily enjoy working 

with the radiographic phantoms, he voiced his appreciation for the safety aspect of their 

use by commenting:  

So, all of those things [x-ray procedures], you wouldn’t want to learn it on a 

person.  So, you would want to do it [practice] on a phantom for sure, especially if 

you have energized equipment that you’re using.  You know, those are all free 

mistakes that nobody has to pay for.  The phantom is absorbing all that radiation 

and there’s no harm done.  If you had to learn that [procedure] on people, they are 

getting radiated and they are assuming risks, and they are paying for your learning 

experience. 

Although not all of the participants indicated that they enjoyed working with the 

non-interactive radiographic phantoms, all of the participants voiced an understanding for 

their use and an appreciation for the practice positioning that the phantoms provided 

them.  The inventory of non-interactive phantoms described by the participating students 

included phantoms of the upper and lower extremity, pelvis, spine, thorax, abdomen, and 

skull.   

Role-play was also used by the participants to simulate positioning as Lucy 

described, “I thought it was good to pretend to be the patient on hard exams so I could 

feel what it was like.”  Bruce agreed with Lucy, “I like the practice, especially practice 

positioning on other students.  It [simulation] definitely helps.  J.C. added, “The live 

interaction was, I think, helpful.  It was harder to move a real patient then just placing 

[positioning] the mannequin’s arm.”  Role-play was also identified as a major type of 



Texas Tech University, Jamie S. Tucker, May 2018 

94 

simulation that was used in the Patient Care course by the majority of participants.  J.C. 

summarized his perceptions and experiences with role play as a type of simulation: 

Patient care was one of the big ones.  We learned how to get people in and out of 

wheelchairs and transfer them from stretchers to the table top.  Even putting [on] sterile 

equipment or anything like that was all done in simulation.  We did learn a lot in there 

[Patient Care class].  That [simulation] was very beneficial.  I mean, honestly, I think I’ve 

learned as much there as I did out in the clinical situations, because we did everything 

pretty much just like they [clinical] did. 

J.C was not the only participant who described participating in role-play 

simulation activities in radiologic technology.  Gavin and Mari indicated that the role-

play between students in the patient care course also helped them develop skills in 

communication, taking a patient’s history, establishing a rapport with the patient, and 

presenting the patient with information about what specific radiographic procedures 

entail.  Mari’s perceptions of simulation as they related to patient care included, 

“Simulation helps you learn how to say things instead of fumbling around words.  It helps 

you develop a rhythm or protocol for doing procedures so you become confident.”  In 

addition, Lilly indicated that role play in the Patient Care course was used to learn how to 

take vital signs such as pulse, temperature, and blood pressure.  Bruce supported that 

simulation through role-play was used frequently as an educational activity incorporated 

into the patient care course, and said, “We learned how to do everything from 

handwashing to isolation techniques.” 

Patrick and J.C. expressed that they had positive experiences of using the 

radiographic equipment in simulation, which included familiarizing themselves with the 
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equipment and putting the technical theories into practice.  Alice agreed that the physics 

simulations were beneficial and helped her understand the technical factors that produce a 

radiographic image.  Although these types of simulation were centered on equipment 

operation and radiographic physics, most of the participants indicated that this type of 

simulation helped them to understand complex material.  Veronica identified specific 

areas in which participation in the equipment simulation had helped her, “It [simulation] 

really helped me in physics and understanding the correct techniques for different body 

parts.”  Lucy supported Veronica’s viewpoint, “It [simulation] is very effective, very 

helpful.  Especially using the equipment like the step wedge and making exposures.  With 

processing the film, we could see the difference different techniques make on the image.”  

Gavin agreed that the equipment simulations were helpful and simply said, “It 

[simulation] helps me understand how everything works.” Along with the use of 

radiographic phantoms, role-play, and the use of radiographic equipment incorporated 

into educational simulation activities, the radiologic technology program in this study 

also incorporated a pseudo-interactive model.   

The only type of pseudo-interactive model the participants reported using during 

their radiologic technology education was the venipuncture arm.  Veronica described it as 

a plastic arm with fake blood in it that the students used to practice the process of starting 

an IV.  Mari and Lilly supported Veronica’s comments and added that they were glad that 

this simulation was done on a model and not on real people because of the possibility of 

causing pain.  Elaina supported this by stating, “We did the IV [with simulation], which 

was, for me a little scary because, I don’t like needles.  I felt so bad but eventually got it.  

It was good practice, it just took me three trials or mistakes.”   Elaina was skeptical that 
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the simulation mimicked real life further explain that she was not sure that the simulation 

mimicked real life, “I mean probably doing it [administering an IV] on a real person is 

going to be a little different than doing it on the model arm in class.  So, I don’t really 

know how it will be actually doing that for the first time on a real person.  So, I still think 

I am nervous about it.”   

Although the venipuncture activity incorporated a pseudo-interactive model that 

provided the participants with visual indication of correct IV needle placement, the four 

participants who described this simulation activity acknowledged and appreciated the 

safety of working with a fake arm instead of a real person.  One of the participants 

questioned whether the IV simulation accurately demonstrated the process and voiced a 

lack of confidence in performing the task on an actual patient.  The participants did not 

indicate that the IV simulation was a one-time activity or if the participants were allowed 

open practice on this model such as that described by the radiographic phantoms.    

Participating in simulation activities impacted aspects of student learning.  The 

second major theme that emerged from the data analysis was that students described their 

perceptions of the impact of participating in simulation activities.  This was an 

overarching theme that was supported by three subthemes.  The subthemes were: (1) the 

importance of practice in simulation, (2) simulation complemented student learning 

styles, and (3) students expressed the need for additional types of simulation.  Overall, 

perceptions of study participants towards simulation-enhanced activities in radiologic 

technology were positive.  Although the perceptions of each type of simulation varied 

among participants, each described how a particular type of simulation had helped them 

learn.  For example, J.C. indicated that he learned a great deal from the simulations: 
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Personally, I felt like I got quite a bit of learning from positioning all the 

mannequins [phantoms] and everything.  I mean, of course, getting out to the real world 

sometimes is a little different but honestly, I do feel like I’ve learned a lot from the 

simulations that we did do.  Lucy and Zsa Zsa agreed that the simulations they 

participated in, especially the positioning simulations, were exceptionally beneficial 

because it helped them understand the material and gave them practice time to refine their 

skills.   Gavin agreed that participating in simulation had been a positive experience by 

saying, “It’s everything, positioning, communicating, and taking the radiographic image.  

The entire process of what a radiographer does, I’ve learned through simulation.”    

The importance of practice in simulation.  All of the participants discussed 

their perceptions of simulation and the process of practicing in a safe and controlled 

environment.  Harvey shared his observations of the relationships between simulation, 

practice, and achieving skill mastery by saying, “I don’t think you could do the program 

without having simulations.  You just have to practice, you have to.  You have to develop 

routines, and you just can’t do it [develop a routine] without it [simulation and practice].”  

Alice supported the importance of combining simulation and practice by stating, “I think 

it [simulation] is good because it gives us a little more practice before we head into the 

clinical site.  I think the laboratories really helped us with getting an idea of where to start 

from.”  Mari shared her supporting perspective: 

As a student, our first fear is that we are going to mess up.  You don’t really want 

to.  I mean mistakes will happen, but you would rather mess up accidently, you 

know on a mannequin [phantom], than when you actually go straight to real 

people.  It’s a disaster.  So, it’s good to know what I need to do, how I should 
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approach it.  But then with the live experience in the clinical sites, you get hands-

on with real people; you just build up on what you already know.  So, having lab 

and simulations builds a foundation of how you poise yourself and how you 

should work [do] things.  It’s good to practice.  Practice doesn’t make perfect but 

it makes it better.  

Mari’s perspective demonstrated why practicing is important but also indicated a 

desire to maintain patient safety.   

Simulation that includes repetitive practice provided the participants with the 

experience needed to achieve mastery and helped facilitate learning.  Elaina indicated 

that practicing with simulation was the only way that she could make sense of the text 

books (required for each course by the program), “Simulation allowed me to get the 

practice time I needed in order to master the positioning skills.  It is quite useful.”  Mari 

added to that notion by expressing that physics was really hard for her to learn, “You can 

know theory inside and out but if you can’t use it, it won’t help you.”  She indicated that 

simulation and practice with the equipment helped her understand the theories in 

radiographic physics.  Bruce related his insights of simulation and practice by stating, “I 

remember thinking when I came to my first clinical; I was like, ‘What would I have done 

without it [simulation and practice]?’  I probably would have really screwed up.”  

Bruce’s statement identified that he perceived that participating in the simulation 

activities during his radiologic technology education was beneficial in helping him learn 

how to perform entry-level tasks that are required of a radiologic technologist in the 

clinical setting.  The statement made by Bruce was supported by the other participants in 
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that, they all indicated that the practice in simulation they received during their education 

helped them develop required clinical skills. 

Simulation complimented student learning styles.  Several participants mentioned 

was that they perceived the simulation activities enhanced their style of learning.  For 

example, Gavin thought that simulation was vital for learning.  Gavin, along with Patrick, 

Harvey, Elaina, Lilly, and Veronica, classified themselves as hands-on learners.  Gavin 

explained the connection between being a hands-on learner and simulation, “I’m a hands-

on person.  You can talk to me about something for a long time but until I get my hands 

on it, that’s really where I understand how things work and how to properly do things.”   

Veronica voiced similar perceptions: 

Honestly, I think it’s [simulation] the most important part of the program.  I think 

it really helps and really prepares us for going to the hospital and for the real world.  I am 

a very hands-on person so it definitely helps to get in there and get to practice the stuff 

[procedures] instead of just listening and hearing it.  I think it’s awesome.  

Elaina shared similar observations about the relationships between how she learnt 

and her participation in the simulation activities during her radiologic technology 

education.  She explained: 

I think they [simulations] are quite useful because reading a book is one thing.  I 

like kind of hands-on, seeing actually what we are doing because I think that’s 

exactly what you learn in the clinical side, as well, and that just better enhances 

your skills. 

Lilly had views similar to those of Elaina and Veronica; she commented: 
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I think it’s [simulation] very helpful.  For me, I like hands-on learning. I can 

position the mannequin [phantom] even though it is not real, but you still get the 

feeling of how to center and move the patient.  So, if you just use the book, you 

don’t have an idea what it is supposed to be like.  With the [phantom] you can see 

where the exact line, or exact centering, and technique.  You can take the picture 

[x-ray].  You will see the real film.  So that makes it easy for me to understand. 

The quotes from Elaina and Veronica provide an indication that these two 

participants were using metacognition.  Of the 12 participants, six classified themselves 

as hands-on learners.  Although the participants did not provide a definition of hands-on 

learning, the dialogue from the individual interviews suggested that the participants 

equated hands-on learning with active experimentation as defined by Kolb (1984).    

Students expressed the need for additional types of simulation.   Additionally, 

many of the study participants discussed additional types of simulation activities that they 

thought would be beneficial.  Mari, Elaina, Veronica, Harvey, Bruce, and Gavin all 

expressed a need for the program to develop a simulation that used a specialized type of 

radiographic equipment called a C-Arm.  A C-Arm machine is a type of x-ray unit that 

provides fluoroscopic (real-time) radiographic images and is commonly used in the 

operating rooms during surgery (Bushong, 2014).  Students who voiced a need for a 

simulation activity at the college stated that they were uncomfortable using that particular 

type of equipment, referring to the C-Arm, in the clinical area because it is used mainly in 

the operating room as a part of radiographic assistance in surgery.  Likewise, participants, 

such as Elaina and Lucy, wanted the program to provide simulation exercises that give 
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the students the opportunity to practice positioning with and manipulating a portable x-

ray unit.   

Aside from the alleged need for simulation with specialized equipment, there 

were two other suggestions from study participants that dealt with specific types of 

patients or radiographic procedures.  Zsa Zsa indicated that because the radiographic 

phantoms were so difficult to position, she saw a need for simulations that use flexible 

phantoms.  She also stated that from her viewpoint, there is a need for the program to 

purchase or devise, a simulation for barium enemas.  Zsa Zsa reasoned that the barium 

enema is one of the radiographic procedures that the students are required to prove 

mastery on in the clinical setting.  However, Zsa Zsa thought that this particular exam 

was not commonly ordered or performed.  A component of the barium enema 

radiographic procedure requires a catheter and contrast media to be inserted via the 

patient’s anus.  Zsa Zsa stated that she lacked the confidence to perform the barium 

enema exam, and that being able to simulate it in the laboratory would really help her.   

Patrick had a slightly different perception of what type of simulation activities are 

needed.  He suggested that there is an increase in the number of bariatric or morbidly 

obese patients that are being cared for in the hospital setting and that performing 

radiographic procedures on this type of patient can be difficult.  Patrick stated, “It can be 

so hard to find the [radiographic] landmarks on these patients, that you sometimes are 

shooting blind.”  He further explained that if the program had a bariatric phantom, 

students could practice in the lab and gain valuable experience that they could use in the 

clinical setting, thereby possibly reducing patient radiation exposure dose by reducing the 

number of repeat exposures.  Patrick also indicated that although the program extensively 
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utilizes radiographic phantoms and incorporates many types of simulation activities, he 

professed that more open lab time for semi-independent practice would be beneficial. 

Summary of simulation-enhanced activities in radiologic technology.  All 12 of 

the participants had participated in various types of simulation-enhanced activities during 

their enrollment in the radiologic technology program and indicated the program 

frequently utilizes simulation as a teaching method.  The participants identified 

simulations techniques that involve non-interactive radiographic phantoms, role playing, 

a pseudo-interactive model of the arm for venipuncture, as well as simulation activities 

that involve manipulation of the energized radiographic machine.  Additionally, all 12 

participants described their experiences with simulation activities as positive and 

beneficial experiences.  Many of the participants indicated that simulation complemented 

their hands-on style of learning and helped them understand difficult concepts such as 

radiographic physics.  The relationship between simulation and practice was described by 

many of the participants.  The participants indicated that practice helped them to gain 

skill mastery without causing any pain or radiation injury to a real patient. 

Of the 12 participants, nine identified needs for additional types of simulation 

activities.  Many of the nine suggested similar additions, such as the need for practice and 

the need to become more skilled in using a dedicated piece of portable fluoroscopic 

equipment called a C-Arm.  The students who suggested this type of simulation is needed 

indicated that they had not received enough clinical experience to be capable or confident 

in performing C-Arm procedures.  One of the nine indicated the need for specialized 

simulations that would perfect their skills in performing radiographic procedures on 



Texas Tech University, Jamie S. Tucker, May 2018 

103 

morbidly obese patients, and one participant indicated the need for simulation specifically 

for the barium enema procedure.   

Student Perceptions of Simulation and the Acquisition of Knowledge and Skills 

Research question two sought to understand the perceptions and experiences of 

second-year radiologic technology students regarding the acquisition of knowledge, 

communication skills, and psychomotor abilities from simulation-enhanced activities.  

The analysis of the data produced three themes: (1) simulation helped students acquire 

knowledge, (2) simulation helped students develop appropriate communication skills, 

and, (3) simulation helped students develop and hone psychomotor abilities.  The first 

major theme was supported by two subthemes: (a) simulation helped students 

understanding complex material, and (b) simulation helped develop critical thinking 

skills.   

Simulation Helped Students Acquire Knowledge 

A major theme that emerged in the analysis of the data was that participants 

professed that simulation had assisted in their learning and helped them acquire 

knowledge.  Several of the participants described their perceptions and experiences of 

simulation-enhanced learning in a fashion analogous to the Bligh and Bleakley’s (2006) 

characterization of cognitive apprenticeship.  The concept of cognitive apprenticeship, 

views the process of learning as a dynamic and encompassing event that occurs through 

time and involves learning how to think the task through to completion as well as how to 

perform it.   

Harvey described his experience with simulation and acquiring knowledge, “I 

struggle with some of the complex things because I think that I learn by repetition.  The 
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complex things, if you don’t see them regularly, then they don’t stick in your mind.”  

Patrick had a similar perception to that of Harvey, regarding simulation and acquiring 

knowledge:  

Reading is only going to get me so far.  So, when I read it, and I have it explained 

to me, and I’m able to actually apply it, even if it’s just to the phantom, and not a 

real person that I can talk to and kind of guide, think it helps a lot. 

Harvey and Patrick were not alone in stating that their observations that 

simulation helped them learn and acquire knowledge.  Gavin indicated that simulation 

helped him to understand how everything worked.  He described his particular 

experiences in some radiographic physics simulations in the following manner: 

We [the professor in the course] really took the time to [help us] understand how 

film is processed.  So, we actually shot our film and processed the film. It’s too 

light; it’s too dark.  Why is that you ask?  Because of our technique.  So, we later 

worked on understanding exposure techniques and settings- and started to set our 

own techniques, not just relying on the AEC [automatic exposure control] to do 

that for us, but instead taking a look at our phantom and saying, “Okay, they are 

X amount thick.”  Then, I knew what exposure technique I needed to use for that. 

Gavin’s description of his experience with the simulations in the radiographic 

physics course not only included a description of the activity of simulation, it also 

included a description of the steps and the processes of his learning cycle.  He identified 

the initial lesson of understanding how film is processed and then described the process 

of experimentation, inquiry, self-regulation, and application of theory.  Mari offered a 



Texas Tech University, Jamie S. Tucker, May 2018 

105 

similar experience with respect to the acquisition of knowledge in simulations carried out 

in the radiographic physic course: 

Having that simulation is really helpful because, again, you can learn a theory all 

day in and out - know that if you do this, this will happen here - but if you don’t 

simulate, and in our classroom, we can actually shoot x-rays and see the results of 

what we did.  We increase this, so it will look one way.  So, it’s really helpful to 

know what you’re changing [a component], and what you’re doing is actually 

doing something instead of just theoretical.  So, if you are in clinic and you don’t 

have enough penetration, then you theoretically know how to increase kVp 

[kilovoltage of electrical current], but by how much?  You don’t know if you have 

never actually done it. 

The description of the simulations that occurred in the radiographic physics 

course presented by Mari indicated that her learning surpassed simple recall or the 

identification of fact.  She along with Gavin, indicated that through the process of 

simulation, they were able to synthesize information and apply that knowledge in order to 

solve a given problem or issue.  Lucy shared similar feelings about the relationship 

between simulation and the acquisition of knowledge, “I feel like it’s [simulation] very 

helpful and that it makes me think of equipment.  I would say it’s [simulation] very 

effective.”  J.C. had similar experiences as well in relation to simulation and the 

acquisition of knowledge: 

…in my opinion, it [simulation] can help you just as much as being thrown out 

there and doing everything just like I guess in real live situations.  I believe you 

can learn just as much.  Because honestly a lot of it is so similar to what you’re 
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going to be seeing out there [in clinic] that as long as you’re paying attention, 

learning what you are in class or its simulation, I really do think you can bring 

that forward and put it to good use once we’re out at the [clinical] sites.  

Although J.C. indicated he perceived that simulations were similar to the 

experiences that he had had in the clinical environment, his comments also indicated that 

he would be able to use the knowledge gained in simulation and apply it in real-life 

situations.  Many of the participants described experiences with simulation that were 

similar to those of Gavin, Mari and J.C., and all of the participants indicated that 

participating in simulation had helped them learn and acquire knowledge specific to the 

concepts and theories of radiologic technology.   

The major theme that simulation students acquire knowledge was also supported 

by the program effectiveness data that were supplied by the participating radiologic 

technology program and reviewed by the researcher.  Information presented in the 

program’s assessment plan and program outcome assessment data stated that the program 

had a five-year average of 95% of graduates who passed the national certification 

examination on the first attempt.  Program documentation also included a national 

comparison report that was compiled and generated by the American Registry of 

Radiologic Technologists, organization that developed, administered, and evaluated the 

national certification examination.  The national comparison report indicated that from 

2012 to 2016, program graduates had higher scores than the national average.  

Additionally, during that same four-year period, the program’s first-time pass rate 

exceeded the national average by as much as 11%.   
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Simulation helped students understand complex material.  There were two 

areas of radiologic technology that participants indicated were easier to understand after 

participation in simulation.  The participants stated that some aspects of radiographic 

positioning, such as performing radiographic examinations of the skull and trauma 

examinations of the shoulder, scapula, and hip were very complex and difficult to 

understand until they had the opportunity to simulate those procedures.  Gavin and J.C 

mentioned having difficulty in understanding how to correctly position a trauma hip.  

Gavin described one of the simulation activities in which he had participated, “When we 

simulate new trauma situations, it sets you up to be able to do that in a real-world 

situation.”  

The second area of radiologic technology that participants described as complex 

and difficult to understand was radiographic physics.  Lucy indicated that participating in 

simulations helped her understand film processing and using the correct technical factors.  

Patrick also described his experience with simulation and understanding the use of film 

and adjusting the technical factors of kVp [kilovoltage of electrical current] and mAs 

[milliamperes of current and exposure time in seconds] to achieve the desired 

radiographic image.  Mari discussed that she had experienced difficulty in understanding 

some of the complex information that is contained in the radiographic physics course.  

She indicated that to her, physics was the most difficult topic to understand and that 

participation in the simulations offered by the program helped her to understand how the 

technical factors of kVp [kilovoltage of electrical current] and mAs [milliamperes of 

current and exposure time in seconds] affected the resulting radiographic image.  Mari 

described her experiences of participating in the radiographic physics, “So, having that 
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simulation is really helpful.  That’s a big part of what we [radiologic technologists] do, 

knowing what technique to use on certain people.  In our classroom; we actually use x-

rays, we can see the results of what we did.”  Additionally, the participants also described 

how simulation had helped them acquire knowledge through development of critical 

thinking skills.   

Simulation helped students develop critical thinking skills.  All participants 

reported that they had participated in simulations that were designed to help them 

develop critical thinking skills.  Participants referred to simulations that involved 

radiographic positioning scenarios that replicated a trauma situation as well as 

simulations that involved working with the radiographic equipment to produce desired 

technical factors.  Of the 12 participants, eight started that participation in the simulation 

activities helped them develop critical thinking skills.  J.C. voiced his perceptions of 

simulation and critical thinking: 

With critical thinking, we do quite a bit of activities as far as trying to get us to 

think out of the box.  So, I think it [simulation] helps quite a bit because we do 

work on positioning patients in the trauma situations using mannequins or other 

students.  So, when you get out there [in clinic], you can’t cover every situation 

and every patient; it’s a little different.  So, you are going to see some things that 

you might have to change up a bit.  But doing those simulations in lab, I mean 

they are very valuable.  I have been able to take the things I did in lab out to the 

clinical site.  I have had to do that a number of times now.  And honestly, without 

that training [simulation], I would’ve been lost.  So, I mean it definitely helps, 

especially in trauma situations. 
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Through his description of simulation and critical thinking skills, J.C. highlighted 

different aspects of the learning process.  He explained that the radiologic technology 

program had developed multiple trauma simulation activities in which radiographic 

phantoms were used and role-play was incorporated.  J.C. also indicated that he had been 

able to synthesize the knowledge he had acquired from the simulation and adapt that to 

the specific needs of individual patients in the clinical environment.  Elaina expressed 

how simulation helped her develop her critical thinking skills by having to develop 

appropriate response actions and correctly perform the trauma scenarios that were 

assigned to her by the radiologic technology faculty.  She also indicated that more of the 

critical thinking development came from simulation activities in which she and her 

classmates were given a trauma type of scenario and then expected to work through how 

to perform the x-ray procedure using the phantoms.  Afterward, they were challenged 

with comparing the inflexibility of the x-ray phantoms to the rigidity of trauma patients.  

She said, “So, you have to think about, ‘How can I get them [phantoms] into a specific 

position?’ and ‘How can I get this picture [x-ray image]?’  I think it’s [simulation is] very 

helpful.”  Mari also agreed that simulation had helped her develop critical thinking skills: 

Simulation gave me a basic of how to control the environment, how I want to set 

up things, and how I would say things.  I guess, so that’s like the baseline.  So, simulation 

in class does help because we have to think outside of the box, because sometimes you 

can’t just do the regular projections. 

Zsa Zsa, Bruce, Veronica, Lily, and Gavin all agreed that the use of simulation, 

especially simulation that involved using the x-ray phantoms for radiographic positioning 
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in trauma scenarios, was beneficial in helping to advance their critical thinking.  Gavin 

expanded upon this by saying: 

For the critical thinking side of it, I think it [simulation] plays a very large role.  

Especially when we simulate trauma situations, dealing with and understanding, 

“Okay, this patient is not going to be able to move in a normal way.”  It sets you 

up to be able to do that in a real-world situation.  I was in just that situation a 

couple of weeks ago in clinic, and it was one of those things where all of that time 

in the lab came back.  And it was way easier to get that image on a real patient 

than it was on the phantom, amazingly enough.  But I was able to look at that and 

critically think through the situation.  Why?  Because we’ve done it.  And the tech 

can look at me and see the confidence that I bring to the situation.     

Harvey had slightly different observations about the relationship between 

simulation and the development of critical thinking skills in that he indicated that both the 

trauma scenarios for positioning and the simulations that dealt with manipulating the 

equipment were beneficial to him.  He added that with critical thinking, he pulled from 

all of his experiences including experiences from lab, clinic and from his life.  

The participants of this study agreed that participating in simulation activities 

helped them acquire knowledge.  Many of the participants described how simulation 

helped them understand complex material such as specific radiographic positioning used 

in trauma and the manipulation of radiographic technical factors.  Participants described 

how participating in simulation activities had helped them to develop critical thinking 

skills, and most of the participants indicated that they were able to apply the knowledge 

acquired from the simulation activities in the clinical environment.  The experiences 
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participants had with simulation activities represent learning in the cognitive domain.  

Additionally, the participants indicated that simulation had helped them learn in the 

affective domain through the development of appropriate communication skills. 

Simulation Helped Students Develop Appropriate Communication Skills 

The second theme that emerged was that participating in simulation-enhanced 

educational activities helped participants develop appropriate communication skills.  

Communication skills are considered components of the affective domain, which 

included developing professionalism and teamwork (Kowalczyk et al., 2012; Lasater, 

2007).   Mari, Lucy, and J.C. indicated that participating in simulation helped them in 

developing good communication skills.  Lucy expressed that practicing in the lab and 

talking to the phantoms felt odd at the time but that it helped to build her communication 

skills as she went out into clinic.  Mari’s perceptions were supportive.  She said, 

“Simulation is very important in terms of it helps give you that foundation of how to 

interact with people.”  J.C. added, “Yeah, I think they’ve all [simulations] helped like as 

far as communicating with patients of course is a big thing.”   

Mari described her experience with simulation with respect to developing 

appropriate communication skills: 

…being in a simulation classroom, if you do something wrong, the teachers will 

be there to tell you, what you did isn’t bad but there’s a better way of doing it. So, 

you learn from your mistakes before you make them outside of the classroom [in 

clinic].  Some people are more extroverted, and they do well [with respect to 

communication skills], but those who are introverted may not have that baseline 

before they go to clinic.  I think it would be very difficult to talk to a real patient if 
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you had no way of practicing using their words to talk to someone [patient or 

physician] in that medical environment. 

While it may seem that being able to communicate was a skill that all of the adult 

participants had mastered, the comments Mari made illustrate that in the clinical setting 

students and radiologic technologists engaged in communication that went beyond 

common pleasantries.  According to Adler and Carlton (2015), the radiologic 

technologist must be able to utilize therapeutic communication techniques to get a 

complete patient history, provide patient education about radiographic procedures, 

maintain patient confidentiality as required by law, and provide quality patient care.  

Many of the participants indicated that, although they were comfortable conversing with 

individuals in a casual setting, they did not understand how important and detailed 

communication is to the work of a radiologic technologist until they had the opportunity 

to participate in patient care simulations.   

Review of program documents indicated that the evaluation of student 

communication skills was listed as part of the participating program’s measure of 

effectiveness.  The programmatic assessment plan, completed by the participating 

radiologic technology program, included student-learning outcomes specific to 

communication skills.  According to the program documents, one of the student learning 

outcomes measured by the program was proficiency in and effectiveness of interpersonal 

communication.  The assessment of student interpersonal communication was conducted 

while the students were in the clinical environment and measured the communication 

skills demonstrated by the students.  The assessment plan completed by the participating 

program, contained in the program documents that were reviewed, indicated that the 
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three-year average measure of the proficiency and effectiveness of the student-learning 

outcome of interpersonal communication skill in the clinical setting was 96 %.   

Simulation Helped Students Develop Psychomotor Abilities 

The third theme that emerged was that simulation helped participants develop 

psychomotor abilities, including positioning patients for radiographic procedures, 

manipulating equipment, and setting up sterile trays.  All of the 12 participants related at 

least one experience in which they indicated that participating in a simulation activity 

helped them to learn in the psychomotor domain.  Veronica described her perceptions, 

stating: 

I think that it [simulation] was pretty effective.  For patient care, we practiced 

transferring patients.  So, we would actually use each other; we would transfer 

each other into wheel chairs, and we would learn how to help patients onto the 

beds.  So, I think, in patient care, we utilized a lot of psychomotor skills, 

definitely.  They [program faculty] wanted us to have a routine.  So, by the time 

we get to the clinical sites, it’s kind of engraved in our brains. 

J.C. supported the idea of how important learning specific psychomotor skills is 

and added: 

I was told by a lot of the instructors to kind of get a rhythm and kind of the flow 

of what you do with most of your patients.  Make sure you do it in steps.  And I 

think practicing that way you can really utilize that in the real situations also.  So, 

doing that in our labs, I think honestly doing that and just following those steps 

like that, I think you can basically do the same thing when you get out to the 

clinical site.  I do think it’s [simulation] helped out quite a bit. 
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Lucy thought simulation had a positive impact in helping her develop and hone 

psychomotor skills.  She indicated that working in the simulation environment with 

phantoms and role-play with other students helped her to increase her speed and her 

effectiveness in positioning.  Lily agreed that participating in simulation helped her 

develop psychomotor skills: 

…when you work in the lab, you can move all the tubes and tables so you have an 

idea of how the equipment works.  You can get a real touch to it, not just the book 

and you can get how it feels to do the positioning or patient care correctly. 

Gavin also agreed that simulation was helpful in developing the psychomotor 

skills needed to perform the work of a radiologic technologist.  He related that the 

repetitive process of simulation was helpful, especially with things that require small 

movement and a certain amount of manual dexterity such as angling the tube or setting 

up a sterile field.  Alice indicated that she felt the simulation activities that helped her 

develop specific psychomotor skills were a part of the patient care course, the positioning 

course, and the radiographic equipment course.  She explained: 

The simulation practices that were the most helpful were where we learned how 

to move a patient onto the stretcher and off to the wheelchair.  That was a lot of 

motor function.  We learned to lift, not with our backs, so they won’t go out.  

There is dexterity in figuring out how to move the bucky and how to operate a 

portable machine.   It is not difficult; it’s just something that you have to learn 

how to do. 
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Patrick added that the simulations helped him get familiar with how to move the 

equipment and that it was helpful to simulate how to move and transport patients.  Elaina 

echoed the benefit, “For effectiveness, it [simulation] is probably the best thing because 

it’s [simulation] repetitive and we can keep doing it over and over.”  Mari added a 

slightly different viewpoint by giving her opinion of developing psychomotor skills 

through simulation with the radiation equipment:   

Well, the simulations do help a little bit.  It is better than nothing because the 

hospitals have such more advanced equipment than what the school has.  The 

equipment we do have is the basics, which at the same time every single 

equipment has these basics; some of them [clinical equipment] are easier to use 

than others.  So being in the simulation helps me know this is how I need to angle 

[position the tube], how I move things.  It’s [simulation] good for that. 

The perception shared by Mari indicated that although the radiographic equipment 

that the participating program used for simulation was very basic as compared to the 

radiographic equipment the participants used in their clinical environment. Participating 

in simulation activities that focused on physical manipulation of the equipment helped the 

participants develop specific psychomotor skills.  Mari indicated that she was able to 

adapt the psychomotor skills she had practiced in simulation and use them on different 

types of equipment in the clinical environment.  The process of adapting knowledge and 

applying it in different scenarios, such as Mari described, indicated that she had also 

utilized critical thinking skills.  However, Harvey added a completely different 

perception of simulation and learning with respect to psychomotor abilities: 
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I don’t see how it [simulation] correlates exactly with training in the real world 

versus what I do in the lab working with a full-body phantom.  And what I find, it 

works in reverse because, a lot of the time when I’m working in the lab, I’m doing 

it for a grade.  How I do it [a procedure] in the clinical environment, which is still 

a training environment but its real world, is kind of what I carry over to my lab 

experience.  So, it [transfer and application of skill] doesn’t go from lab to clinic, 

it [transfer and application of skill] kind of goes from clinic to lab. 

In relating his perceptions of simulation and the development of psychomotor 

abilities, Harvey indicated that working with the radiographic phantoms did not exactly 

replicate working with a patient in the clinical setting.  Harvey also spoke of his 

motivation in performing a procedure correctly in the simulation as driven by the 

achievement of passing grades.  Harvey claimed that his experience with simulation was 

not representative of experiences in the clinical setting however, he did relay that he was 

able to transfer knowledge and psychomotor skills from clinic into the simulation 

activities.  Although the experiences that Harvey described were different from those of 

the other 11 participants, with respect to simulation for radiographic positioning, all 12 

testified that simulation had helped them develop and hone specific psychomotor 

abilities.      

The theme that simulation helped students develop psychomotor abilities was also 

supported by the program effectiveness data that included the program assessment plan.  

The program assessment plan was generated by the participating program to evaluate 

program effectiveness, monitor student learning outcomes, and maintain national 

accreditation with the Joint Review Committee on Education in Radiologic Technology.  
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According to the program assessment plan, students’ radiographic procedure and 

positioning skills would be assessed with a professional skill development form and 

students’ ability to perform exams with minimal supervision would be evaluated once 

competency is established.  The assessment plan documented the three-year average for 

the student-learning outcome of radiographic positioning skills at 94 %.  The three-year 

average for the second student-learning outcome, that students would demonstrate the 

appropriate radiation safety practices for patient, self, and others, was registered at 96%.  

The three-year average for the final student-learning outcome associated with 

psychomotor skills, that the students would select and apply correct exposure techniques, 

was found to be 93%.   

Summary of student perceptions of simulation and the acquisition of knowledge 

and skills.  The participants perceived that participating in simulation-enhanced 

educational activities during their education in the radiologic technology program 

facilitated learning, helped them acquire knowledge, and helped them develop 

communication and psychomotor skills.  A total of six of the participants described their 

perceptions and experiences related to how simulation had helped them acquire 

knowledge.  Most of the six described how simulation had helped them to better 

understand the complex material and theories of radiographic positioning and radiation 

physics.  There were eight participants who described how simulation had helped them 

develop their critical thinking.  Of the 12 participants, three described how simulation 

helped them develop interpersonal communication skills, which are also a part of the 

affective domain. 
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However, all of the participants agreed that participating in simulation-enhanced 

educational activities helped them to learn in the psychomotor domain.  The participants 

described participating in simulations that helped them learn how to manipulate the x-ray 

equipment, how to transfer patients from stretchers to x-ray tables, and how to correctly 

position patients to preform radiographic procedures, all skills within the psychomotor 

domain.  Through the descriptions of the perceptions and experiences the participants had 

with simulation and the acquisition of knowledge and skills, most of the participants 

indicated that simulation had helped them to apply the concepts and theories of radiologic 

technology in the clinical setting. 

Simulation and the Ability to Apply Concepts and Theories in a Clinical 

Environment 

Research question three sought to understand how second-year radiologic 

technology students perceived the participation in simulation-enhanced activities 

increased their ability to apply concepts and theories of radiologic technology in the 

clinical environment.  The analysis of the data produced two themes specific to the 

students’ perceptions of the relationship of participating in simulation activities and their 

ability to apply concepts and theories in the clinical environment.  The two themes that 

emerged were: (1) students perceived increase of confidence, and (2) scaffolding of 

information.  The participants indicated that the simulations they participated in began 

with basic information and increased in difficulty as the program progressed.  Likewise, 

the participants described how participation in simulation activities increased their 

confidence. 
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Students Perceived Increased Confidence 

The first major theme that emerged was that students perceived that participation 

in simulation-enhanced activities increased their ability to apply concepts and theories of 

radiologic technology in the clinical environment was that they perceived an increase in 

confidence.  All of the 12 participants described examples of how participating in 

simulation had helped them gain confidence in performing the work of a radiologic 

technologist.  The participants also described how the simulations they had taken part in 

had helped them perform in the clinical environment.  Some of the participants (i.e., Lily, 

Gavin, Patrick, Zsa, Zsa, Alice, Bruce, and J.C.) indicated that the positioning 

simulations were very effective in boosting their confidence in performing in the clinical 

setting.  J.C. said: 

Doing the simulations in lab is very valuable because a cross table hip is one of 

the things we learned in lab, and I was able to take that out to the clinical site.  I’ve had to 

do it [cross table hip] a number of times now and, honestly, without that training 

[simulation], I would’ve been lost.  You get to see the situation in the classroom before 

you see it at the clinical site, and you kind of know what to do. 

The description that J.C. provided was echoed by the remaining participants who 

expressed that simulation had helped them apply the concepts of radiographic positioning 

in the clinical environment.  Bruce stated that, when he was first assigned to clinic, he 

thought about all of the practice in positioning he had received through simulation.  He 

reflected, “What would I have done without it [simulation]?  I probably would have 

really screwed up.”  Elaina supported the commentaries of J.C. and Bruce by saying: 
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It [simulation] helped quite a bit.  I felt confident walking in to clinic because we 

had done it all in lab.  Positioning the patient and being able to talk to them are the kind 

of things you picked up [learnt] in the lab [simulation] that you are able to use over in the 

clinical area.  

Mari, like Elaina articulated that the radiographic positioning simulations she had 

participated in helped her gain confidence in her positioning skills.  However, she 

extended the sphere of individuals affected by her increased confidence to include the 

patient saying: 

We don’t want the patient to think, “This person is going to take an x-ray of me, 

and they have no idea what they’re doing.”  As a student, your worst fear is 

messing up.  If you come in [to the x-ray procedure] already not sure what to do, 

that doesn’t give a patient trust in you.  Simulation is important because it gives 

you that foundation. 

Mari’s insights about how simulation helped her develop confidence that 

empowered her in the clinical area described that the amount of confidence demonstrated 

by the student radiologic technologist affected other individuals.  Mari stated that it was 

important to show confidence in the clinic to help establish a good rapport with the 

patient and gain their trust.   Gavin agreed with Mari’s perceptions and stated: 

If you walk in [to clinic] with confidence and an air of you have an understanding 

of what’s going on, not being pompous or anything like that, but understanding 

and putting forth the image that you know what you are doing and that you can 

handle whatever [procedure] you are in, can ease the patient’s anxiety.  That 

[confidence] is built in the lab [simulation].  
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Comments made by Gavin support Mari’s description of the importance of confidence 

but Gavin extended the sphere of influence to also include the radiographers that the 

students were working with, by stating: 

I think it [simulation] plays a very large role.  A lot of it just comes down to 

comfort.  The more you do something the more you understand how it should be 

done.  So even when you walk into a situation that you may not have a lot of 

understanding about, you can still focus on that same goal of getting a good 

image.  And so, it puts the techs at ease, knowing that you are not going to walk 

in and just freeze up and turn into a wall flower but you have the confidence to be 

of assistance. 

Although J.C., Bruce, Elaina, Mari, and Gavin described how participating in 

radiographic positioning simulations increased their confidence and helped them apply 

concepts in the clinical environment, other participants (i.e. Harvey, Alice, and Elaina), 

described how participating in simulations that involved manipulating the x-ray 

equipment and role-play contributed to their increased confidence.  Many of the 

participants, including Mari, characterized simulation as, “very important because it gives 

you the foundation for everything you do in clinic.”  Zsa Zsa supported that evaluation by 

affirming that all of the simulations prepared her for clinic at different levels.  Gavin 

agreed with Mari, and Zsa Zsa and added: 

It [simulation] has helped with of lot of the things I do every day in clinic like 

moving patients, positioning patients, positioning the machine, providing patient 

care, communicating with my patients, and setting exposure factors.  It has given 
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me confidence.  I would have been a detriment to myself and others in clinic 

without having simulation. 

Gavin reported that simulation helped him master a wide range of skills as well as 

increase his confidence.  He stated that, through participation in simulation, he was able 

to apply concepts and theories of radiologic technology in the clinical environment.  

Harvey expressed feelings that were similar to Gavin, stating, “The learning curve in 

radiologic technology is incredibly steep.  So, the more simulated training you have, the 

better.”  Practice was an essential component of the simulation activities that the 

participants described.  The repetition of processes in a safe learning environment helped 

students gain mastery of required skills and self-confidence.  In addition to the 

development and increase in confidence described by the study participants, scaffolding 

of information was also identified as a component of simulation that helped the 

participants apply concepts and theories. 

Scaffolding of Information  

The second major theme that emerged was that the simulations scaffolded the 

information, providing them with basic information in the early simulations and building 

upon the basic concepts in the later simulations as their mastery levels increased.  Of the 

12 participants, nine described how the scaffolding of information in the simulation 

activities helped them apply concepts and theories of radiologic technology in the clinical 

environment.  J.C. recounted that, when he was just beginning the program, he thought 

that some things taught through simulation were silly until he got into the clinical area.  

He gave an example of a simulation about handwashing that was included in the patient 

care course that he had laughed about at the time, but he had never washed his hands with 
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the intent of preventing the spread of pathogenic microorganisms until that particular 

simulation.  J.C. went on to say that he began to realize the importance of all the detailed 

instructions when he started to work with patients who had communicable diseases.  

Learning the correct method of handwashing was only the beginning.  According to J.C. 

and Gavin, only after being evaluated on how well they performed the hand washing 

could they move on to learning how to don sterile gloves, put on personal protective 

equipment for use with isolation patients, and set up sterile trays for radiographic 

procedures.  

Zsa Zsa reported that simulations were used in most of the radiologic technology 

courses she had completed.  She described the process of scaffolding information by 

saying: 

I think they [simulation] do really well.  You start off in the beginning with the 

basics.  Then, they [faculty] throw more at you, and you build on what you 

already know.  You keep building as you go through the program.  They [the 

faculty] kind of tailor that to what you need; they [the simulations] build on your 

past experiences.  Like in positioning, you start with the easy projections and then 

move to the harder ones that are more complicated after you can do the easy ones.  

The experience that Zsa Zsa described with scaffolding information in radiographic 

procedure simulations was supported by Bruce, who stated. “For sure, you have to learn 

the basics first, and then you have to learn how to do trauma.  You have to be able to do a 

routine procedure.”  Bruce went on to state that, until you get to clinic and have to deal 

with a screaming patient or someone who is in critical condition, you will not really value 

the basic steps you have learned through simulation. 
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Mari and Harvey described how all of the simulations they participated in started with a 

foundation and then moved towards more complicated and more difficult procedures and 

concepts.  Both Mari and Harvey agreed that scaffolding of information was present in 

the radiographic positioning simulations and the radiographic physic simulations that 

helped them apply the concepts of radiographic technical factors.  Mari summarized her 

perceptions related to simulation and scaffolding by stating: 

…simulation is very beneficial.  If I didn’t have simulation, I don’t think I would 

be able to do as well as I am now, because with simulation, you build on a 

foundation.  You start out with things that aren’t hard, and if you make mistakes, 

you can learn from them. 

Mari continued by describing how the scaffolding of information in simulation activities 

helped her apply concepts and theories.  She added that the faculty often adapt the 

scenarios in the lab based on the skill level of the student, building upon their abilities 

and past experiences.  Harvey agreed with Mari in that the simulations started with basic 

and foundational information and proceeded to include the more complex and 

complicated types of procedures and concepts.  Although Harvey maintained that 

simulations had helped him apply concepts and theories of radiologic technology in the 

clinical environment, he confessed that working with the radiographic phantoms in the 

simulation environment was harder than positioning real patients in clinic.  He stated, 

“It’s [positioning] a little easier when you are actually touching a person, but simulation 

is a part of everything I do in clinic.”  

All of the participants indicated that participation in simulation activities during 

their education in radiologic technology helped them understand and then be able to 
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apply concepts and theories in the clinical setting, in essence, simulation formed the 

foundation of their learning.  Most of the participants voiced that the simulations they 

participated in during radiation physics helped them learn how to apply complex theories.  

The participants described the simulations as very helpful.  Veronica added, “It 

[simulation] helps me understand how everything works.”   

Summary of Simulation and the Ability to Apply Concepts and Theories in a 

Clinical Setting 

All of the participants indicated that they perceived that their participation in 

simulation enhanced educational activities helped them perform in the clinical setting, 

that it helped them to develop confidence.  Most of the participants attributed their 

increased confidence in radiographic positioning to their participation in simulation.  

There were two participants who indicated that increased confidence influenced the 

amount of trust the patient demonstrated in their abilities and one participant declared 

that it is important to exude confidence in order to maintain a good working relationship 

with the radiologic technologists in the clinical setting.  Simulations that involved the use 

of the radiographic equipment, as well as role-play, were identified as helpful for 

increasing the confidence of the participants and helping them apply the concepts and 

theories of radiologic technology in the clinical environment.   

Several of the participants stated that simulation was such a large component of 

their learning.  They argued that if it had not been provided to them, they perceive that 

they would have endangered patient claimed that indicated that being able to demonstrate 

confidence is important in establishing safety in clinic.  Additionally, nine of the 12 

participants expressed that the scaffolding of information presented in simulation helped 
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them understand and apply the concepts and theories of radiologic technology in the 

clinical environment.  The participants described how simulation provided a foundation 

for their learning and began with the most basic of information.  As the participants 

increased in ability, the simulation activities became more challenging.  This scaffolding 

of information, according to the participants allowed them to comprehend complex 

theories and concepts and apply them in the clinical setting. 

Summary 

Chapter IV presented the findings of this study and the themes that developed as a 

result of data analysis.  Research question one explored how second-year radiologic 

technology students at a community college describe their experiences and perceptions of 

simulation-enhanced educational activities.  The analyses of the data produced two major 

themes that related to this question: (1) diverse use of simulation in radiologic technology 

education and (2) student perceptions of the impact of simulation activities.  The second 

major theme associated with research question one was overarching and had three 

subthemes: (1) importance of practice, (2) complemented learning style, and (3) need for 

additional types of simulation.  Research question two sought to understand the 

perceptions and experiences of second- year radiologic technology students at a 

community college regarding the acquisition of knowledge, communication skills, and 

psychomotor abilities from simulation-enhanced activities.  The analysis of the data 

produced three major themes specific to this research question: (1) simulation helped 

students acquire knowledge, (2) simulation helped students develop appropriate 

communication skills, and (3) simulation helped students develop psychomotor abilities.  

The first major theme associated with research question two included the following 
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subthemes: (a) simulation helped students understand complex material, and (b) 

simulation helped develop critical thinking skills.  Research questions three sought to 

understand how second-year radiologic technology students at a community college 

perceived the participation in simulation-enhanced activities increased their ability to 

apply the concepts and theories of radiologic technology in the clinical environment.  The 

analysis of the data produced two themes specific to this question: (1) students perceived 

increased confidence, and (2) scaffolding of information.  

Chapter V contains a discussion of the findings, implications of the results of this 

study for higher education practice, and recommendations for future research. 
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CHAPTER V 

DISCUSSION 

Chapter V presents a discussion of the findings of the study.  The following topics 

will be presented: (a) overview of the study, (b) discussion of the findings, (c) 

implications for higher education practice, (d) recommendations for higher education 

practice, and (e) recommendations for future research. 

Overview of the Study 

The purpose of this study was to explore the experiences and perceptions that 

community college second-year radiologic technology students have of simulation-

enhanced educational activities.  In this study, simulation-enhanced education was 

defined as a component of instruction that imitates the behavior required for a particular 

situation or process through the use of a suitably comparable situation or device designed 

for study or skill mastery (Bradley, 2006).  This study considered simulation-enhanced 

education activities in radiologic technology to include the use of role-play, radiographic 

phantoms, three-dimensional models and energized x-ray equipment (Cook, Brydges, 

Zendejas, Hamstra, & Hatala, 2013; Cunningham, Wright, & Baird, 2015; Lanier, 2007; 

McGaghie, Issenberg, Petrusa, & Scalese, 2010). 

The theoretical framework that framed this study is comprised of components of 

three adult learning theories that have application with respect to simulation: (1) 

cognitive learning theory (DeYoung, 2007; Piaget, 1972), (2) social cognitive learning 

theory (Bandura, 1977, 1993, 2001; Zimmerman, 1989), and (3) constructivist learning 

theory (Vygotsky, 1978).  Each of these adult learning theories incorporates aspects of 

the principles of adult learning proposed by Knowles (1995), specifically the learner's 
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need to know, self-concept, experiences, readiness, orientation to learning, and 

motivation.  In addition, these adult learning theories have components that are not only 

foundational aspects of simulation but are considered by Bradley (2006) and McGaghie, 

Issenberg, Petrusa, and Scalese (2010), to represent the best practices of simulation.  

Cognitive learning theory is grounded in how individuals process and structure 

information and includes building upon previous experiences (Piaget, 1972).  Social 

cognitive learning theory posits that learning is related to the social interactions of an 

individual and   includes observation and modeling, self-reflection, self-regulation, and 

self-efficacy (Bandura 2001, Zimmerman, 1998).  Constructivist learning theory 

(Vygotsky, 1978) is centered on the belief that knowledge is constructed when a student 

attaches meaning to an experience or activity.   

The central tenets of these adult learning theories form an appropriate framework 

for this study because they address the foundations of adult learning as well as include 

the best practices for simulation as a teaching method in medical and allied health 

education (Bradley2006; Lasater, 2007; McGaghie et al., 2010).  The understanding of 

different adult theories is important when working with adult students.  As the need for a 

qualified workforce increases, the application of adult learning theories will become 

paramount to programs of study such as radiologic technology that educate allied health 

professionals. 

The need for qualified radiologic technologists is expected to increase in part due 

to the projected growth in population at both the state and national levels (Bureau of 

labor Statistics, 2013; Texas State Data Center, 2005; Texas Workforce Commission, 

2013).  The state of Texas, in which this study took place, produces the largest number of 



Texas Tech University, Jamie S. Tucker, May 2018 

130 

qualified applicants annually, who apply for the national certification examination in 

radiologic technology (American Registry of Radiologic Technologists, 2015).  In 2015, 

the American Registry of Radiologic Technologists indicated that during 2015, Texas 

produced 1080 qualified graduates who applied to sit for the national certification exam.  

It is expected that educators at community colleges and four-year colleges and 

universities protect the health and safety of patients by ensuring that graduates from 

radiologic technology programs are capable of providing safe and efficient care.   

This study was guided by the following three research question. 

1. How do community college second-year radiologic technology students 

describe their experiences and perceptions of simulation-enhanced education 

activities? 

2. What are the perceptions and experiences of community college second-year 

radiologic technology students regarding the acquisition of knowledge, 

communication skills, and psychomotor abilities from simulation-enhanced 

activities? 

3. How do community college second-year radiologic technology students 

perceive the participation in simulation-enhanced activities increased their 

ability to apply concepts and theories of radiologic technology in the clinical 

environment? 

There were 12 participants and all participant were interviewed individually using 

a semi-structured interview protocol.  The individual, semi-structure interviews were 

conducted face-to- face in small, private study rooms within the public library on the 

study institution’s campus.  The interviews focused on the perceptions and experiences of 
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the participants with simulation-enhanced educational activities in radiologic technology 

education. 

The setting for this research study was a large, urban community college in the 

Southeast region of Texas.  The study participants included 12 second-year radiologic 

technology students.  Each participant had completed: a minimum of three clinical 

semesters; all of the radiographic positioning and equipment courses; and simulation-

enhanced educational activity as a component of their radiologic technology training. 

Open coding and triangulation were used in the analysis of data that produced 

major themes that were tied to the three research questions that guided the study.  The 

major themes included (a) diverse use of simulation in radiologic technology education, 

(b) participating in simulation activities impacted aspects of student learning, (c) 

simulation helped students acquire knowledge, (d) simulation helped students develop 

appropriate communication skills, (e) simulation helped students develop and hone 

psychomotor abilities, (f) students perceived increase in confidence, and (g) scaffolding 

of information. 

Discussion of the Findings 

Analysis of the data collected in this study culminated with the emergence of 

seven major themes that responded to the guiding research questions.  Review of the 

findings of this study has produced implications and recommendations for higher 

education practice.  The findings of this study also suggest the need for future research.     

Simulation-Enhanced Activities in Radiologic Technology 

Research question one sought to understand the experiences and perception 

second-year radiologic technology students had of simulation-enhanced educational 



Texas Tech University, Jamie S. Tucker, May 2018 

132 

activities.  Data analysis produced two main themes: (1) diverse use of simulation in 

radiologic technology education and (2) participating in simulation activities impacted 

aspects of student learning.  The second main theme was overarching and was supported 

by the following three subthemes: (1) the importance of practice in simulation, (2) 

simulation complemented student learning style, and (3) need for additional types of 

simulation. 

The first theme to emerge was that the students related the diverse use of 

simulation in radiologic technology education.  All 12 of the study participants had 

experience with different types of simulation during their education in the radiologic 

technology program at the study institution.  They reported that the use of simulation-

enhanced educational activities was widespread and diverse, incorporating the use of 

role-play, noninteractive radiographic mannequins or phantoms, pseudo-interactive three-

dimensional models, and an energized x-ray machine.  Zsa Zsa was the clearest in 

describing the use of simulation-enhanced educational activities, “I don’t think there’s a 

single course that we didn’t have some sort of simulation in”.  The findings that 

participants described participating in various types of simulation activities supports the 

research literature that indicates simulation as a teaching method can be adapted to 

different courses of study (e.g. Alinier, 2007; Bradley, 2006; Brydges, Carnahan, Rose, 

Rose, & Dubrowski, 2010; Cook et al., 2013).  These findings are significant with respect 

to curricular design and instructional technology as it indicates the embedding of 

simulation-enhanced educational activities into the program curriculum and acceptance 

of simulation as a teaching method by the study institution (Azer, Guerrero, & Walsh, 

2013; Torenbeek, Jansen, & Suhre, 2013).      
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The participants further explained that the type of simulation activity varied 

depending upon the course in which it was utilized, describing an increase in difficulty 

and complexity.  According to the participants, role play was used as a simulation activity 

in the Patient Care course.  Gavin indicated, “We’ve done a lot of different things. We’ve 

done person-to-person simulations, where myself and another student will role-play 

through the situation of introducing yourself to the patient and taking a patient history”.  

Participants also described simulations involving the use of non-interactive radiographic 

phantoms in which required them to correctly position the phantom and produce a 

radiographic image. 

Although all of the participants related to using non-interactive radiographic 

phantoms to practice positioning for specific radiographic exams, not all of the 

participants agreed on the benefit those sessions provided.   Patrick, Zsz Zsa, and Harvey 

voiced concerns that the phantoms were difficult to position and did not sufficiently 

simulate working with a real patient.    However, all of the participants agreed that the 

radiographic phantoms, even with the noted shortcomings, were instrumental in 

providing them with a safe mechanism to practice and become proficient in radiographic 

positioning.  Harvey made his position clear, “you’re not going to learn everything you 

need to know about positioning a phantom and taking x-rays of it, you have to work on 

people in order to learn.  But it is not reasonable to train on people because of the 

radiation exposure, so you practice on a phantom”  

The use of simulation activities to demonstrate the application of concepts and 

scientific theories is widely utilized in medical education (McGaghie et al., 2010).  Bruce 

indicated that the use of radiographic, non-interactive phantoms along with the energized 
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equipment helped him, “in my physics and equipment class we had simulation on 

learning techniques, exposing the phantoms and getting the right techniques down.  That 

helped a lot”.  All of the participants described participating in simulation activities that 

incorporated the use of the x-ray machine to make radiographic exposures and images.  

The participants indicated that these types of simulation helped them to better understand 

the complex theories of radiation physics.       

The participants indicated participation in simulation-enhanced educational 

activities that began with basic information such as how to take a patient history, to the 

more complex information of radiographic positioning and the components of radiation 

physics including the formulation of appropriate radiographic technique.  The 

progression from the use of simple simulation devices or activities to complex scenarios 

is described by Brydges, Carnahan, Rose, Rose, and Dubrowski (2010), to be 

‘progressive-fidelity’.  The findings of this study support the concept of progressive-

fidelity introduced by Brydges et al. (2010), that indicates novices may perform better 

with lower-fidelity simulations until the skill improves, moving to more advanced types 

of simulation activities as the base knowledge increases.  Beginning with basic 

information, such as taking a patient history, and moving towards more complex 

information, such as radiographic positioning or radiation physics as the learner’s skill 

level increases is representative of the constructivist learning theory (Vygotsky,1978) in 

general, as well as scaffolding (Reiser, 2004), and cognitive apprenticeship (Collins, 

1991) specifically. 

A second theme developed with respect to simulation activities impacting aspects 

of student learning for all of the participants.  There were three sub themes that also 
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emerged, including; (1) the importance of practice, (2) simulation complemented student 

learning style, and (3) students perceived the need for additional types of simulation.  

Although the perception of each type of simulation varied among participants, each 

described how a type of simulation had impacted their learning in a positive manner.   

All of the participants described being able to practice until they understood a 

topic or could master a skill as a benefit of simulation. Elaina indicated her that 

simulation allowed her to get the practice time she felt she needed in order to perfect her 

positioning skills, “I can’t get good if I can’t practice”.  Practicing skills until they 

become second nature reduces the likelihood of cognitive load (Vogel-Walcutt, Gebrim, 

Bowers, Carper, & Nicholson, 2010).  One of the most significant concepts of simulation 

is that in order for students to learn, they must practice (Boet et al., 2011; Ross, 2015; 

Sturm et al., 2008).  A significant finding of this study is that the participants described 

how they as individuals benefited from practicing in a simulation-enhanced educational 

environment.  The benefits of practice in simulation support the social cognitive theory 

that focuses on how students can learn from others, the environment, and their own 

actions (Bandura, 1977, 1993, 2001, 2001).     

The social cognitive learning theory also emphasizes self-reflection, self-

regulation, and self-efficacy (Bandura, 1977, 1993, 2001; Rutherford-Hemming, 2007).  

The process of thinking about how one thinks and learns has been described as 

metacognition (Bandura 2001; Peterson, DeCato, & Kolb, 2015).  Although there were 

no questions about particular learning styles in the interview protocol, half of the 

participants described themselves as hands-on-learners.  It is unclear if the six 

participants were describing their preferred method of learning or describing the 



Texas Tech University, Jamie S. Tucker, May 2018 

136 

environments in which they estimated learning had taken place.  A possible explanation 

could be that they experienced more engagement in learning activities, such as 

simulation-enhanced activities that required some sort of physical action (Kolb & Kolb, 

2005).  Learning environments that strive to have the student participate in the learning 

process by utilizing group activities and simulation are active learning designs (Schmidt 

et al., 2009; Von Konsky, Martin, Bolt, Broadley, & Ostashewski, 1978).  Active 

learning and enhanced student engagement facilitates student success (Coates, 2007).  

Although all of the participants described the safety that practicing in the 

simulation environment offered them, eight participants declared that there was a need 

for additional types of simulation activities in the radiologic technology program to help 

them master the use of specific equipment and procedures.  Self-regulated learners, 

according to Pew (2007), assume responsibility for their motivation to learn and that it is 

not necessarily the responsibility of the faculty to serve as the motivator.  Research by 

Cassidy (2011) and Torenbeek et al. (2013), expand self-regulated learning to include 

student's use of processes and learning strategies (e.g., simulation), to improve academic 

success.  There were seven of the 12 participants who acknowledged that they lacked the 

clinical skill to operate a specialized type of x-ray equipment called a C-Arm.  According 

to the participants, the C-Arm is a type of mobile x-ray unit that is commonly utilized 

while performing radiographic procedures in the operating suite.  The seven participants 

suggested that participating in simulation activities that allowed them to practice 

manipulating the C-Arm equipment would help them develop the confidence needed to 

operate the equipment in the clinical setting.  The literature supports the use of 

simulation-enhanced education to promote learning and mastery of specific psychomotor 
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and procedural skills (Cook et al., 2013; Curtis, Diaz Granados, & Feldman, 2012).  

Psychomotor skills practiced and acquired through the use of simulation training transfer 

to real-life environments (Sturm et al., 2008).   

Supported by the theoretical framework used to frame this study, adult learners 

are influenced and can be motivated by the learning environment (Merriam, Caffarella, & 

Baumgartner, 2007; Zimmerman, 1989).  The findings of this study support that adult 

learners are influenced by learning activities and learning environments.  The participants 

perceived that participation in simulation-enhanced educational activities was beneficial 

to their training because it provided them with: the opportunity to practice, an active 

learning environment, and ability to recognize gaps in their education in which 

simulation may have helped them to master a skill.   

Student Perceptions of Simulation and the Acquisition of Knowledge and Skills 

Research question two sought to explore the perceptions and experiences of 

second-year radiologic technology students had regarding the acquisition of knowledge, 

communication skills, and psychomotor abilities from simulation-enhanced activities.  

The analysis of the data produced three major themes: (1) simulation helped students 

acquire knowledge, (2) simulation helped students develop appropriate communication 

skills, and (3) simulation helped students develop and hone psychomotor abilities.  The 

first major theme was supported by two subthemes: (1) simulation helped students 

understand complex material, and (2) simulation helped students develop critical thinking 

skills.   

The first theme that developed regarding simulation and the acquisition of 

knowledge and skills was that participants’ perceived simulation helped them acquire 
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knowledge, understand complex material, and develop critical thinking skills.  The 

literature supports the use of simulation to promote learning in the cognitive domain (e.g., 

Chin, Yap, Lee, & Soh, 2014; Davis, Storjohann, Spiegel, Beiber, & Barletta, 2013).  In 

healthcare education, such as radiologic technology, critical thinking is considered to one 

of the most desirable skills and important competency as it promotes the use of 

judgement and being able to respond effectively to or in a critical situation (Ertmer et al., 

2010; Steadman et al., 2006).   

The findings of this study indicated that simulation helped students acquire 

knowledge, understand complex material and develop critical thinking skills.  Mari had 

difficulty in understanding some of the complex radiation physics information and that 

“having simulation is really helpful, because you can learn theory all day in and out, but 

because we simulate, actually use x-rays, we can see the results of what we did”.  There 

were eight participants who felt that participation in the simulation activities helped them 

to develop their critical thinking skills with respect to appropriate responses in a trauma 

setting.  Gavin was the clearest, “for the critical thinking side of it, I think simulation 

plays a very large role, especially when we simulate trauma situations”.  The use of 

simulation-enhanced educational activities to mimic trauma and emergency situations in 

a safe environment enables learners to make mistakes until they can master the skill 

(Bond et al., 2006).  This is supported by the cognitive load theory that indicates when 

learners are provided the opportunity to practice until responses are almost automatic, the 

brain can spend less effort on that learned task and divert more effort, for instance in 

coping with new or stressful environments (Fiorella, Vogel-Walcutt, & Schatz, 2011; 

Kalyuga, 2012; Paas & Sweller, 2011). 
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The second theme to emerge related to simulation and the development of 

appropriate communication skills.  The participants indicated that although they felt 

comfortable with interpersonal communication in a classroom setting, the simulations 

they participated in the helped them to identify the components of professional dialogue.  

The process of role-play helped the students to practice and develop a routine that they 

could use to converse with patients in the clinical setting.  The communication 

simulations may have seemed unrealistic in that talking to a phantom may not be exactly 

like talking to a human patient, but proved to be helpful as Lucy indicated, “I felt so odd 

in the lab speaking to the phantom, but I would say absolutely that doing simulation 

helped build my communication skills as I went out into the real world”. 

The study findings support the use of simulation-enhanced educational activities 

as a tool to help develop communication skills (Azer, Guerrero, & Walsh, 2013; Krange, 

Moen, & Ludvigsen, 2012; Rosen, et al., 2008).  Communication skills, are components 

of the affective domain (Kowalczyk, Hackworth, & Case-Smith, 2012).  The radiologic 

technologist must be able to utilize therapeutic communication techniques to attain a 

complete patient history, provide patient education about radiographic procedures, 

maintain patient confidentiality as required by law, and provide quality patient care 

(Adler & Carlton, 2015).  Mari acknowledged the importance she placed on developing 

communication skills in the simulation environment stating, “I think it would be very 

difficult to talk to a real patient if you had no way of practicing your words”. 

The third theme to emerge related to simulation and learning in the psychomotor 

domain.  Each of the 12 participants related at least one experience in which participating 

in simulation helped them to learn in the psychomotor domain.  The repetitive process of 
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practice in the safe environment simulation creates helped the participants hone small 

movements that required manual dexterity such as angling the x-ray equipment or 

positioning a patient, and the physical ability to employ correct body mechanics to lift 

and transport patients safely. Alice contributed her participation in simulation helped her 

hone specific psychomotor abilities, “…the simulation practices that were probably the 

most helpful are the patient care practices where learned how to move a patient onto the 

stretcher and off to the wheelchair.  That was a lot of motor function”. 

Competence in basic psychomotor skills is a requirement for most types of work 

environments.  However, the mastery of specific procedural skills, such as operating a 

radiographic machine or transferring a patient is a necessity in radiologic technology to 

safeguard the health and safety of the patient (Ross, 2015). Research has indicated a 

positive relationship between the uses of simulation-enhanced education and learning in 

the psychomotor domain (Cook et al., 2013; Desser, 2013; Harder, 2009; Henneman & 

Cunningham, 2005).  The findings of this study support the research that participation in 

simulation-enhanced education can help facilitate learning in psychomotor domains.   

Simulation and the Ability to Apply Concepts and Theories in a Clinical 

Environment 

Research question number three sought to explore how second-year radiologic 

technology students perceive the participation in simulation-enhanced activities increased 

their ability to apply concepts and theories of radiologic technology in the clinical 

environment.  The analysis of the data produced two themes specific to the student’s 

perceptions about the relationship of participating in simulation activities and their ability 

to apply concepts and theories in a clinical setting.  The two themes that emerged were: 
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(1) students perceived increased confidence, and (2) scaffolding of information.   

The first theme to emerge was that students perceived participating in simulation 

activities helped to increase their confidence.  All 12 participants revealed that 

participating in simulation-enhanced educational activities increased the confidence in 

which they applied the concepts and theories of radiologic technology in the clinical 

setting.  Many of the participants indicated they really didn’t appreciate how much they 

had learned in the simulations until they started doing clinical rotations.  Bruce thought 

about the positioning simulations and the practice he had completed reflecting, “What 

would I have done without it [simulation]?  I probably would have really screwed up”.  

Bruce further explained, “…simulations do a pretty good job, I feel like it made me ready 

for clinic”. 

The study findings support the principles of cognitive apprenticeship (Bligh & 

Bleakley, 2006), which proposes that learning to learn and developing an awareness of 

one’s own thinking is a dynamic activity that occurs through time.  Students in a 

simulation-enhanced education environment learn how to think the job or task as well as 

being able to perform the work.  The increased confidence in being able to perform 

radiographic procedures in the clinical setting as well as the declaration from two of the 

participants who acknowledged their confidence level affected other individuals such as 

the patient or radiographer is a demonstration of a high level of metacognition.  The 

participants were unanimous in declaring the effectiveness of simulation in building their 

confidence and helping them demonstrate competence in the application of learned 

concepts and theories.  The findings of this study are significant because they indicate 

that study participants perceived that a relationship existed between the simulation-
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enhanced educational activities they participated in and the self-confidence they had in 

applying concepts, procedures, and theories in a real-life clinical setting. 

The process of developing the learner’s confidence through the inclusion of 

teaching methods such as simulation-enhanced educational activities is supported by the 

cognitive learning (Piaget, 1972), social cognitive learning (Bandura, 1977, 1993, 2001), 

and constructivist learning (Vygotsky, 1978) theories.  Gavin was able to articulate the 

relationship between the simulations he participated in, the ability to practice, the 

observation of how others complete a task, and the importance of self-confidence, “…you 

know what you are doing and that you can handle whatever [procedure/situation] you are 

in can ease the patient’s anxiety, and that’s built in the lab.  That’s built on time with 

phantoms”. 

The confidence to apply concepts and theories in a clinical setting that 

participants perceived was related to the active learning environment of simulation is 

rooted in the principle of student engagement and the development of self-regulated 

learners.  The assumption in adult education is that the adult learner has primary 

responsibility for his or her motivation to learn (Pew, 2007).  The findings of this study 

support that self-regulated learners utilize processes such as practice in simulation, and 

strategies such as observation and responses to improve knowledge acquisition that 

culminates in academic success and clinical skill (Bandura, 1993; Zimmerman, 2001). 

The second theme to emerge related to the importance of scaffolding information 

with respect to simulation-enhanced educational activities.  Scaffolding is an educational 

process connected to constructivist learning theory in which the learner is provided with 

high levels of support at the beginning of the learning process, with the level of support 
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progressively diminishing as the learner accomplishes increasingly difficult goals (Reiser, 

2004).  The process of scaffolding allows individuals to build upon prior knowledge and 

construct knowledge based on experience (Dewey, 1938; Reiser, 2004; Vygotsky, 1978).  

Of the 12 participants, nine described how the scaffolding of information in the 

simulation activities they participated in helped them apply concepts and theories of 

radiologic technology in the clinical environment.  Patrick indicated that simulation was 

used to introduce new topics, “I think it’s a good introduction.  I think you definitely 

should start out doing simulations.  I think it helps you get more familiar with whatever it 

is that you’re doing.” 

Scaffolding the information by increasing the level of the technology used or the 

difficulty of the simulation to match the learner’s increasing intellectual abilities, 

allowing the learner to draw from acquired knowledge and apply that knowledge to new 

situations aligns with the constructivist learning theory (Vygotsky, 1978).  Mari and 

Harvey described early simulations with the equipment as foundational, reiterating that 

mastery of the basic information enabled them to proceed with more complex and 

complicated types of procedures and concepts.  The findings of this study are significant 

and indicate that participation in simulation-enhanced educational activities helped 

learners actively build upon prior knowledge to construct new understandings and that 

the process of scaffolding helped participants synthesize new information (Schunk, 

2012). 

Implications for Higher Education Practice 

This study explored the perceptions and experiences that community college, 

second-year radiologic technology students have of simulation-enhanced education and 
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considered simulation-enhanced education activities in radiologic technology to include 

the use of role-play, radiographic phantoms, three-dimensional models and energized x-

ray equipment.  The findings of this study suggest several implications for practitioners at 

higher education institutions.   

The first implication based on the findings of this study is that there is a diverse 

use of simulation-enhanced activities in radiologic technology education at the study 

institution, and the participants identified that participation in simulation activities had a 

positive impact on aspects of their learning.  The literature reviewed for this study 

supports that the use of simulation as a teaching method can be adapted for many 

programs of study (Alinier, 2007; Bradley, 2006).    The findings of this study indicate 

that all of the participants routinely participated in different types of simulation-enhanced 

educational activities during their enrollment in the radiologic technology program.  

McLaughlin, Starobin, and Laanan (2010), indicate that simulation is an appropriate 

teaching method for community college health science curriculum.   Although the 

perception of each type of simulation varied among participants, each described how a 

particular type of simulation had helped them learn.  All of the participants described the 

importance of practicing in the safe environment that simulation provided, 

acknowledging that best practices include the reduction of exposure to ionizing radiation 

(Bushong, 2014) 

Half of the participants perceived that simulation-enhanced activities 

complemented their hands-on learning style.  The literature reviewed for this study 

supports that adult learners are influenced by the learning environment (Merriam, 

Caffarella, & Baumgartner, 2007; Zimmerman, 1989).  Additionally, learning 
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environments that that incorporate student participation, such as simulation-enhanced 

activities are active learning designs that enhance student engagement and facilitate 

student success (Coates, 2007).              

The second implication for higher education practice is that simulation helped 

students learn in the cognitive, affective and psychomotor domains when provided with 

the appropriate equipment and technology.  In a workforce program such as radiologic 

technology, there are measurable academic, interpersonal, and psychomotor expectations 

that must be met by the student.  Failure to appropriately function in any of these three 

domains may jeopardize the health and safety of patients in the clinical setting 

(Cunningham, Wright, & Baird, 2015).  Learning activities in energized laboratories and 

the ability to practice on radiographic phantoms in the safe simulation environment helps 

students acquire knowledge, understand complex material, develop critical thinking skills 

and appropriate communication skills, as well as psychomotor abilities that are necessary 

in a real-world setting.   

The benefit of simulation is that it can be adapted to facilitate learning in the 

cognitive, affective and psychomotor domains (Desser, 2013; Ertmer et al., 2010; Rosen 

et al., 2008).  Best practices of simulation-enhanced education are grounded in adult 

learning theories in general, in that learning is a fluid cycle (Knowles, 1995; Kolb, 1971), 

and specifically in that simulation builds upon prior knowledge, (Piaget, 1972), 

incorporates observation and self-regulation (Bandura, 1977,1993, 2005), and encourages 

learning as an active process (Vygotsky, 1978).  The use of simulation-enhanced 

education that incorporates appropriate equipment and technology has demonstrated 

faster skill attainment and higher performance levels than those students who acquired 
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the same skill through traditional teaching and learning methods (Sturm et al., 2008). 

The third implication for higher education practice is that simulation-enhanced 

activities help to build confidence in learners and that earned confidence is transferred 

into clinical application.  All of the participants described how participating in simulation 

had helped them gain confidence in performing the work of a radiologic technologist.  

Adult learners who are self-confident possess self-efficacy beliefs and tend to achieve 

academic success (Zimmerman, 2001).  The works of Bradley (2006), Cook et al. (2013), 

Ford et al. (2011), Henneman and Cunningham (2005), and McGaghie et al. (2010), 

indicate that curriculum designs that identify simulation objectives and link them to goals 

representing realistic job expectations increase the likelihood of translation from school 

performance to job performance. 

Community colleges, such as the study institution, play a vital role in providing 

postsecondary education through various academic and workforce programs (Jenkins, 

2015).  Since 2010, community colleges have begun to change their focus from 

perpetuating an increased enrollment to increasing the completion and graduation rates 

(Smith, Baldwin & Schmidt, 2015).  Curriculum designs that incorporate active learning 

strategies, such as simulation-enhanced education, encourage student engagement and 

contribute to improved learning outcomes and academic success (Coates, 2007; Schmidt 

et al., 2009; Von Konsky et al., 2014).      

Recommendations for Higher Education Practices 

The findings of this study have produced several recommendations for higher 

education practice.  Some of the recommendations that resulted from this study apply to 

radiologic technology education specifically, and higher education, in general.  The 
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recommendations that follow are directed to institutions of higher education, 

administrators, program managers, and faculty.   

The first recommendation for higher education practice is for institutions, 

administrators, and faculty to evaluate existing programs by analyzing the curriculum to 

identify areas that may benefit from the integration of simulation activities.  This 

recommendation is based on the findings that simulation-enhanced educational activities 

are adaptable and have positive impact on multiple aspects of student learning.  Both of 

these findings support that simulation activities can be varied to assist instruction in many 

different types of courses, promote opportunities for practice, and can complement 

individual learning styles.  The intentional use of active learning environments, such as 

simulation-enhanced education, is in accordance with the cognitive, (Piaget, 2007), social 

cognitive (Bandura, 1977,1993,2005), and constructivist (Vygotsky, 1978) adult learning 

theories that support learning from past experiences, observation, and learning as an 

active process respectively.   

The second recommendation for higher education practice is that institutions and 

administrators should establish a financial plan that allocates resources for the purchase 

and maintenance of dedicated equipment and technology needed to conduct simulation-

enhanced educational activities.  This recommendation was precipitated from the 

implication that simulation helped students learn in the cognitive, affective and 

psychomotor domains when provided with the appropriate equipment and technology.  

The implication arose from findings that participation in simulation-enhanced educational 

activities that included the use of radiographic phantoms and energized radiographic 

equipment helped students acquire knowledge, understand complex material, develop 
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critical thinking and appropriate communication skills, and perfect specific psychomotor 

abilities.  Incorporating simulation activities that utilize appropriate equipment and 

technology promotes faster skill mastery and higher performance levels than passive 

teaching methods (Sturm et al., 2008).     

The third recommendation for higher education practice is that institutions, 

administrators, and programs of study should compare the use of simulation to student 

success measures such as course completion, graduation rates, and graduate 

employability.  This recommendation was derived from the implication that simulation-

enhanced activities help to build confidence in learners.  The findings of the study 

implied that participation in simulation-enhanced education helped participants gain 

confidence in performing the work of a radiologic technologist, that acquired confidence 

helped them perform in the clinical environment and facilitated the scaffolding of 

information.     

Providing a safe environment, such as those produced in simulation, for students 

to practice, make mistakes, and self-correct is the foundation of developing self-

regulating students who can synthesize information and apply it in real-world situations 

(McGaghie et al., 2010).  Simulation-enhanced education that encourage practice until 

the skill becomes second nature prevents cognitive load and promotes self-confidence 

and self-efficacy (Vogel-Walcutt et al., 2010).  Students who possess these traits are more 

likely to achieve academic success (Zimmerman, 2001). 

Recommendation for Future Research 

The findings of this study of student perceptions and experiences of simulation-

enhanced education in radiologic technology suggest the need for future research.  A 
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study that could further the knowledge of this topic is a qualitative study that explores 

faculty perceptions of and experiences with the use of simulation-enhanced education in 

radiologic technology.  This would provide a platform of dialogue for faculty to share 

their experiences and perceptions of incorporating simulation activities into the 

curriculum.  Such a study would provide further examples and evidence of the rewards 

and challenges of instituting simulation as a teaching method and provide valuable 

insight into the process of effectively evaluating simulation-enhanced education 

activities.  Faculty could identify what features of simulation provided positive learning 

experiences as well as present challenges.  Administrators and faculty members in higher 

education institutions; especially, community colleges could use this study as a guide for 

examining how educators incorporate simulation activities and understanding the 

equipment and technology needs specific to simulation. 

Another study that could further the knowledge of the use of simulation is a 

qualitative study that explores the relationship between simulation and different learning 

styles.  The current study specifically focused on the perceptions and experiences that 

second-year radiologic technology students had of simulation-enhanced educational 

activities.  The findings of this study indicated that half of the participants indicated that 

participating in simulation complemented their learning style.  All of the participants 

reporting this perception described themselves as hands-on learners.  Understanding if 

there is a definite relationship between specific learning styles and the use of simulation 

activities could help programs and institutions intentionally develop learner-centered 

educational activities such as simulation. 

Additionally, a quantitative study that compares the most common learning styles 
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of radiologic technology students could further the research by identifying if there is a 

strong tendency towards a specific learning style.  Previous research provides evidence 

that students enrolled in particular programs of study tend to identify with one or two 

more prevalent learning styles (Ausburn & Brown, 2006; McCarthy, 2010; O’Leary & 

Stewart, 2013; Robles et al., 2012; Threeton et al., 2013).  However, there is a significant 

gap in the research that focuses on the learning style preferences associated with the 

scope of practice and professional qualities required for a radiologic technologist.  This 

type of study would give radiologic technology programs and community colleges a view 

of how students learn and which teaching methods may produce better student outcomes. 

A final recommendation for future research stems from the results of this study 

related to the increased confidence and the ability to clinically apply concepts mastered in 

simulation activities.  The literature reviewed indicated that medical doctors who 

participated in simulation-enhanced education activities isolating a particular task were 

able to retain the knowledge and skill mastery of that task for up to a year after the initial 

simulation activity (Boet et al., 2011).  A mixed methods study incorporating statistical 

trends along with the personal experiences of graduate radiologic technology students in 

their first-year transitioning into the profession of radiologic technology could expand the 

understanding of the importance of simulation-enhanced education. 

Conclusion 

Simulation activities have been found to be effective at enhancing student’s 

learning experience.  As the population ages and individuals have longer life 

expectancies, there will be a need for more medical treatments and testing, such as 

radiologic imaging tests (Bureau of Labor Statistics, 2013), because of the chronic 
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disease processes that are associated with the deterioration and aging of the human body 

(Mace & Kowalczyk, 2014).  Community colleges and universities will need to evaluate 

their educational programs to make the necessary adjustments, so that educated and well-

trained radiologic technologists enter the demanding allied health workforce (Topper & 

Powers, 2013).  This study focused on the experiences that second-year students have had 

with simulation during their enrollment in a radiologic technology program, and their 

perceptions regarding the acquisition of knowledge, communication skills, and 

psychomotor abilities from simulation-enhanced activities.  Additionally, the study 

explored how participating students perceived the usefulness of simulation activities in 

promoting their application of concepts and theories of radiologic technology in the 

clinical setting.  

This qualitative study utilized a collective case study research design to address 

the three research questions that guided the study.  The theoretical framework that guided 

the study was comprised of components of three adult learning theories, all of which have 

application in simulation.  For the study, 12 semi-structured interviews were conducted 

with second-year students enrolled in a radiologic technology program at a large, urban 

community in Southeast Texas.  Sources of data included semi-structured interviews, 

field notes, program effectiveness documents, and reflexive journaling.  Analysis of the 

data was completed through, open coding, axial coding and triangulation. 

The findings of the study indicated a diverse use of simulation in radiologic 

technology education and that simulation had a positive impact on aspects of learning 

such as the importance of practicing and complementing student learning styles.  

Additionally, the findings of this study revealed that students perceived that participation 
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in simulation-enhanced education helped them acquire knowledge, develop appropriate 

communication skills, and hone psychomotor abilities.  Participants perceived and 

increase of confidence and scaffolding of information and were able to apply what was 

learned in simulation to the clinical environment, according to the findings of the study. 

The findings of the study led to several implications for higher education practice.  

First, there is a diverse use of simulation-enhanced activities in radiologic technology 

education and participation in simulation activities had a positive impact on aspects of 

student learning.  Second, simulation helped students learn in the cognitive, affective and 

psychomotor domains when provided with the appropriate equipment and technology.  

Third, simulation-enhanced activities help to build confidence in learners and that earned 

confidence is transferred into clinical application. 

The implications of this study led to several recommendations for higher 

education practice.  First, institutions, administrators, and faculty need to evaluate 

existing programs by analyzing the curriculum to identify areas that may benefit from the 

integration of simulation activities.  Second, institutions and administrators should 

establish a financial plan that allocates resources for the purchase and maintenance of 

dedicated equipment needed to conduct simulation-enhanced educational activities.  

Third, institutions, administrators, and programs of study should compare the use of 

simulation to student success measures such as course completion, graduation rates, and 

graduate employability. 

Several recommendations for future research also developed from the results of 

this study.  First, is a qualitative study exploring faculty perceptions of and experiences 

with the use of simulation-enhanced education in radiologic technology.  Second, is a 
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qualitative study that explores the relationship between simulation and different learning 

styles.  Third, is a quantitative study that compares the most common learning styles of 

radiologic technology students.  The final recommendation for further research is a    

mixed methods study of graduate radiologic technology students in their first-year 

transitioning into the profession of radiologic technology as this could expand the 

understanding of the importance of simulation-enhanced education.  

Radiologic technology is an allied health occupation that is expected to be in high 

demand (Bureau of Labor Statistics, 2013).  Best practices in radiologic technology are 

designed to limit the amount of radiation a patient is exposed to (Bushong, 2014).  

Community colleges and four-year colleges and universities strive to provide radiologic 

technology students with the most effective instructional tools to help them acquire 

knowledge, apply concepts and theories in a clinical setting, and prepare to become a part 

of the allied health workforce.  Through an understanding of how second-year radiologic 

technology students perceive and have experienced simulation-enhanced education, 

programs, community colleges, and four-year colleges and universities can better 

determine the effectiveness of simulation-enhanced activities and examine its impact on 

the academic and clinical success of students. 
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APPENDICES 

APPENDIX A 

Initial IRB Approval from Texas Tech University 

Dimitra Smith 

Educational Psychology Leaders 

Re: IRB2017-105 Student Perceptions and Experiences of Simulation-Enhanced 

Education in Radiologic Technology 

Findings: Modification to change PI approved 

Dear Dr. Dimitra Smith, Jamie Tucker: 

A Texas Tech University IRB reviewer has approved your proposed modification to the 

protocol referenced above within the exempt category of: 

Category 2. Research involving the use of educational tests (cognitive} diagnostic, 

aptitude, achievement), survey procedures, interview procedures or observation of 

public behavior, unless: (i) information obtained is recorded in such a manner that 

human subjects can be identified, directly or through identifiers linked to the subjects; 

and (ii) any disclosure of the human subjects l responses outside the research could 

reasonably place the subjects at risk of criminal or civil liability or be damaging to the 

subjects I financial standing, employability, or reputation. 

Exempt research is not subject to annual review by the IRB. Any change to your protocol 

requires a Modification Submission for review and approval prior to implementation. 

Your study may be selected for a Post-Approval Review (PAR). A PAR investigator may 
contact you to observe your data collection procedures, including the consent process, 
you will be notified if your study has been chosen for a PAR. 
(45 CFR 46), please complete an Incident Submission form. 

Once your research is complete, please use a Closure Submission to terminate this 

protocol. Sincerely, 

 

Kelly C. Cukrowicz, Ph.D. 

Chair, Texas Tech University Institutional Review Board 

Associate Professor, Department of Psychological Sciences 
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357 Administration Building, Box 41075 
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APPENDIX B 

Initial IRB Approval from Study Institution 

March 03, 2017 

Ms. Jamie Tucker 

IRB Protocol 20171 13 

Dear Ms. Tucker: 

The research project application for your protocol titled, "Student Perceptions and 

Experiences of Simulation-Enhanced Education in Radiologic Technology", has been 

reviewed by the Lone Star College ("LSC") Institutional Review Board ("IRB"). The 

outcome of the review is as indicated below. 

Approved: Expedited 45 CFR 46.102 (2)(i) 

This approval will be valid for 12 months after the date of this letter. If the study extends 

beyond this period it will be subject to continuing review and will require the submission 

of a supplemental application at that time. 

Please note that any changes to the protocol or procedures for this project after the initial 

review must be promptly submitted to the LSC IRB for review. In addition, any adverse 
events should be reported to the LSC IRB Office as soon as possible. 

The LSC IRB requests that you share the results of this research project with the IRB 

office when you have completed it. The data from your study could be very useful to grant 

writers and to others in the LSC System. You will be given complete credit for its 

authorship. 

This letter constitutes the official written response of the LSC Institutional Review 

Board. Thank you, and best of luck on your study! 

April M. Odell 

Administrator, Institutional Review Board   
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5000 Research Forest Drive            The Woodlands, TX 77381-4356  832.813.6500 LoneStar.edu 

  



Texas Tech University, Jamie S. Tucker, May 2018 

171 

APPENDIX C 

Initial Email to Program Director 

To: Mr. Larry Norris (Lawrence.E.Norris@lonestar.edu) 

Program Director, Radiologic Technology  

Lone Star College- Cy Fair Campus 

Date: 12/05/2016 

Dear Mr. Norris, 

My name is Jamie S. Tucker, and I am a Doctoral student at Texas Tech University.  I am 

currently conducting a study that explored the experiences and perceptions that second-

year radiologic technology students have had of simulation-enhanced activities.  The 

study will involve individual interviews conducted face to face.  The interviews will be 

audio recorded.  The interviews will be held on the Cy Fair campus and will take from 30 

to 60 minutes to complete.   

 

I am writing this email to ask you to serve as a point of contact for the study and assist in 

identifying students who might meet the following qualifications of (a) being a student in 

the second year of the radiologic technology program, (b) have successfully completed 

all of the radiographic positioning and radiographic equipment courses in the radiologic 

technology degree plan, (c) have successfully completed and passed three or more 

clinical courses, (d) have participated in simulation activities during their training as a 

radiologic technologist, and who may be interested in participating in the study by 

emailing prospective students ( I will provide the email for you to send). I would also like 

to have permission to review program effectiveness documents such as the program 

assessment plan, program learning outcomes, and the student learning outcomes 

associated with the clinical courses in the program. 

 

If you consent to send out the prepared email, which explains the study so the interested 

students can contact me directly, I would be most appreciative.  Interested students may 

contact me for additional information about the study at Jamie.tucker@ttu.edu . 

 

Please let me know if there are any questions that I can answer for you concerning my 

study. 

 

       Thank you in advance for your help, 

       Jamie S. Tucker 

       Jamie.tucker@ttu.edu  

 

mailto:Lawrence.E.Norris@lonestar.edu
mailto:Jamie.tucker@ttu.edu
mailto:Jamie.tucker@ttu.edu
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APPENDIX D 

Project Description 

 

 

What is this project studying? 

The study is called "Student Perceptions and Experiences of Simulation-Enhanced 

Education in Radiologic Technology." This study will help us learn how your 

experiences affected your acquisition of knowledge and communication skills in 

Radiologic Technology. What we learn may help radiologic technology educators, 

and we hope to publish this study widely to make it as beneficial as possible. 

 

What would I do if I participate? 
In this study, you will be asked to share your experiences, thoughts, and feelings. 

Some questions will be about you. Some questions will be about your thoughts. Some 

will be about how you feel and what you experienced. The interviews will be video 

recorded for us to obtain accurate information. 
 

Can I quit if I become uncomfortable? 

Yes, absolutely. Your participation is completely voluntary. The researcher and the 

Institutional Review Board have reviewed the questions and think you can answer them 

comfortably. You may skip any question you do not feel comfortable answering. You 

can also stop answering questions at any time. You are free to leave anytime you wish. 

Participating is your choice. However, we do appreciate any help you can provide. 
 

How long will participation take? 
We are asking for one hour of your time for the initial interview and a follow-up 

email correspondence that will take approximately 15 minutes. 

How are you protecting privacy? 

Your name will not be linked to any documentation and any use of this material in 

reports, publications or presentations will never be associated with participants in this 

study without permission. No one other than the researchers associated with this 

project will have access to the raw data. All related documentation will be stored 

either in a locked file cabinet in the researcher’s office or on a password protected 

computer. 

 

How can I participate? 

Please answer the following four questions to determine if you fit the suggested 

parameters for the study and return to me through email at Jamie.tucker@ttu.edu  

Question No Yes 
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1. Are you currently in the second year of the 

radiologic technology program? 

  

2. Have you completed all of the radiographic 

positioning and equipment courses in your program’s degree 

plan? 

  

3. Have you completed at least three semesters of 

clinical courses? 

  

4. Have you participated in simulation activities such 

as using phantoms in positioning class or role play in patient 

care?  

  

 

 

Participation is voluntary 

 Participation in the study is voluntary and will require at least one face to face meeting 

for the individual interview.  All information you provide will be confidential.  The 

interview will be held on campus and will last between 30 minutes to 1 hour.  I may need 

to contact you after the interview to verify that the transcription of the interview is 

correct, but that will be done electronically through the email address you provide.   

 

Thank you in advance, 

Jamie Tucker 
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APPENDIX E 

Recruitment Email From Program Director 

 

Dear second-year radiologic technology students enrolled at Lone Star College- Cy-Fair 

campus, 

 

My name is Mr. Norris, your radiologic technology Program Director.  I am 

emailing you regarding a research study by a doctoral candidate, Jamie Tucker.  To fulfill 

the requirements for her doctoral degree, she has proposed a qualitative study titled: 

Student Perceptions and Experiences of Simulation-Enhanced Education in Radiologic 

Technology. 

It consists of a one-hour interview with the opportunity to electronically review 

the contents of the interview through email correspondence.  Each interview will be 

conducted individually.  Given your experience as a second-year radiologic technology 

student, Mrs. Tucker would like to invite you to participate in her study.  A copy of her 

invitation to participate is attached along with the Informed Consent for the Research 

Study. 

If you are interested in participating or have any questions about this research 

study, please contact Jamie Tucker at (832) 472-5606 or via email at 

Jamie.tucker@ttu.edu.  You may also contact Dr. Stephanie Jones, who is supervising 

this study at (806) 834-1380 or via email at Stephanie.j.jones@ttu.edu  

 

  

mailto:Jamie.tucker@ttu.edu
mailto:Stephanie.j.jones@ttu.edu
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APPENDIX F 

Recruitment Statement – Email Script 

 

Hello,  

 

Thank you for expressing an interest in participating in my study. 

 

My name is Jamie S. Tucker, and I am a student at Texas Tech University working on my 

Doctoral degree in Higher Education Administration.  Currently, I am working on a 

research study that seeks to explore the perceptions and experiences that second-year 

radiologic technology students have with simulation and simulation-enhanced activities. 

This is a voluntary study.   The research from my study will come from students through 

individual interviews, but the identity of the participants will remain confidential, and you 

do not have to answer all of the questions if you do not want to.  

 

The time expected to conduct the individual interview will range from 30 minutes to 1 

hour and will be conducted here on campus at times that are convenient for the student 

participant.   

 

The information from this study will help radiologic technology educators better 

understand your point of views and your experiences.  It is hoped that the information 

from this study will help programs become more student centered and promote student 

success. 

 

I have included a project description and a consent form for you to review.  If you decide 

to participate in the study, please sign and date the consent form and return it to me.  

Please let me know the best dates and times to conduct the individual interview.  Once 

the signed consent has been returned to me, the date, time and location of the interview 

will be arranged. 

 

Thank you for your consideration, 

 

Jamie S. Tucker  

 

Jamie.Tucker@TTU.edu 

 

 

  

mailto:Jamie.Tucker@TTU.edu
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APPENDIX G 

Informed Consent Document 

 

 

Thank you for your interest in participating in this research project! Information about 

this study and what participants can expect are explained below.  

 

Who am I? 

 

I am an Associate Professor of Radiologic Technology at Lone Star College, 

Montgomery Campus and a doctoral student at Texas Tech University. 

 

 

What is the purpose of this study? 

 

The purpose of this study is to explore the perceptions and experiences that second-year 

radiologic technology students have of simulation-enhanced educational activities at a 

large, urban community college. 

 

The collection of data will be accomplished through the use of individual face-to-face 

interviews with study participants.  There is no compensation, and your participation is 

voluntary.  You can discontinue your participation in the study at any time without 

penalty. 

 

How long is this study? 

 

It is anticipated that the interview will take between 30 minutes to one hour to complete. 

Each interview will be audio recorded. 

 

What are you going to do with the interview? 

 

The interviews will be audio-recorded and transcribed for analysis.  The transcribed 

interviews will be digitally stored on the researcher’s personal computer.  The personal 

computer used by the researcher will be password protected, and only the researcher will 

have access to this data.  Your recorded interview along with all transcripts will be 

permanently deleted once the study is completed. 

 

Will my privacy be protected? 

 

Your privacy is very important to me.  Your name will not be publicly shared or linked to 

any documentation.  During the individual interviews, you will be given a pseudonym.  

Your personal information will be kept confidential. 
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If you have any questions about this study, please contact me, Jamie S. Tucker, M.Ed. at 

Jamie.tucker@ttu.edu.  For questions about your rights as a research subject, please 

contact the Human Research Protection Program (HRPP), Office of the Vice President 

for Research, Texas Tech University, Lubbock, Texas 79409, 806-742-2064. 

 

Your participation in this study is appreciated.  Your contributions will add to the 

growing knowledge of the experiences and perceptions of radiologic technology students 

who are enrolled in accredited programs at community colleges. 

 

Please sign and date this form and email it back to the researcher at 

Jamie.Tucker@ttu.edu 

 

Thank you for your participation! 

 

Jamie S. Tucker, M.Ed., R.T. (R) (CT) 

 

 

 

 

 

_____________________________    _____________________       

Printed Name      Signature        

 

_____________________ 

Date 
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APPENDIX H 

Interview Protocol 

Interview Protocol Project: Student Perceptions of Simulation-enhanced Activities  

Time of Interview: 

Date: 

Place: 

Facilitator: Jamie Tucker 

Interviewee Pseudonym:  

 

Thank you for agreeing to be a part of the study and meeting with me today.  This 

research study could not be completed without the input from individuals like yourself, 

and I appreciate your time and participation.  The purpose of this study is to identify 

student perceptions and experiences of simulation-enhanced educational activities in 

radiologic technology.  A pseudonym will be assigned to your name to ensure your 

identity is protected throughout the study.  I am interviewing a total of twelve, second-

year students who are enrolled in the radiologic technology programs sponsored by this 

community college.  This community college was selected because it represents a large, 

urban, multi-campus schools with diverse student populations.  The pseudonym assigned 

to your name will be linked to the input you provide, and at no time during the study will 

your name be shared with the information you provide. 

I will analyze the information through the dissertation process.  My dissertation chair 

along with my dissertation committee members have the final authority and approval of 

the content of this study.  For clarification purposes, this study considers simulation to 

include: role play, the use of radiographic phantoms, the use of three-dimensional 

models, such as venipuncture arms, and imaging equipment active laboratory 

experiments.  Before we begin discussing simulation, I would like to start with 

demographic questions. 

1. To begin, please tell me about your educational experience at Community College 

by stating which semester of the program are you currently? 

2. In which radiologic technology classes are you currently enrolled? 

3. Is this your first college program? 

4. Do you mind sharing your age with me? 

5. What is your gender? 

6. What is your ethnicity?  

7. Why did you choose radiologic technology as a course of study? 

8. What aspect of the practice of radiologic technology do you feel best fits your 

personality and skills? 

9. Which aspect of the work a radiographer does is the least appealing to you? 

 

Okay, we are almost finished.  I am now going to ask you questions about your 

perceptions of simulation-enhanced educational activities. 

1. Describe in detail what simulation activities you have been involved in. 
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2. What are your perceptions of simulation-enhanced activities in radiologic 

technology? 

3. Which of the courses in your current program incorporated some simulation 

activity? 

1. Of the simulation activities that you have participated in, which do you feel 

helped you to understand the theories and concepts of radiologic technology? 

2. What types of simulation activities do you wish the program would provide? 

4. What are your perceptions of how effective simulation-enhanced activities are in 

helping you to understand the complex material?  

5. What are your perceptions of how effective simulation activities are in helping 

you to practice specific psychomotor skills?  

6. What are your perceptions of how effective simulation activities are in helping 

you develop critical thinking skills?  

7. What are your perceptions of how simulation activities help you develop 

appropriate response actions that may be needed or used in the clinical 

environment?  

8. Can you describe any ways in which participating in simulation activities helped 

you to develop skills that you utilize in the clinical setting? 

9. Is there anything else you would like to add? 


