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Abstract 

Purpose: Radiation is widely used in various fields, not only 

in medical field but also in industrial field, etc. Accordingly, 

curriculum of radiological science in university also should be 

improved and changed. As so, this research was conducted to 

provide upcoming basic data by analyzing needs of university 

students majoring in radiological science in integral 

perspective. 

Methods: In this process, extent of needs was integrally 

investigated by statistical analysis, the approach of natural 

science, and along with social-scientific method, the 

relationship analysis using social network analysis. In social 

network analysis, various centrality indices, network density, 

degree, betweenness centrality, closeness centrality, 

eigenvector centrality, were calculated. 

Results: Result was as follow. First, there was no significant 

difference among courses that students of radiological science 

consider as important to get a job, as required for studying 

major, and individually preferred course. Second, gender had 

little impact on choosing prior course. Third as a result of 

social network analysis, point was differentiated when 

importance of ‘Computerized tomography’ was highly located 

for course important to get a job. Likewise, highly located 

importance of ‘Introduction to radiation’ differentiated the 

point for course helpful for studying major. In same context, 

highly located importance of ‘Theory of nuclear power’ 

differentiated the point of course individually preferred. 

Conclusion: In this research, we studied that the curriculum of 

radiological science in university needs to be improved and 

changed. To do this, demand to curriculum of radiological 

science in university have been analyzed from a converged 

perspective. This research is to propose further curriculum 

that considered students’ needs, when reorganizing. 

Keywords: Radiological science, Curriculum, Social network 

analysis, Demand analysis 

 

INTRODUCTION 

In Korea, Radiological Science was organized and operated as 

a major in university first as Radiotechnological education of 

two years’ junior college in 1963. It expanded to three years’ 

in 1991, 4 years’ college in 2000 and in 2015, totally 44 

colleges are operating Radiological Science-related major in 

the whole country (Lee et al., 2015). Radiology, one area of 

medical science using radiation for diagnosis and treatment of 

disease, was limited just to diagnosis with X-ray and curing 

disease with gamma rays and other few ionizing radiation at 

the beginning. However in past few years, area of 

Radiological Science extended into radioisotope, test using 

nonionic radiation like ultrasonic waves or Nuclear Magnetic 

Resonance. Moreover, radiation therapy is now used for 

curing cancer by hormone or chemotherapeutic agent 

(http://100.daum.net/encyclopedia/view/b09b0304b). That is, 

radiation is widely used not only in medical area, disease 

diagnosing and curing cancer with roentgenography or CT 

scanning, but also in industrial field like non-destructive 

inspection, insect disinfestation, detection of mines, making 

golf balls, and radiation for research related to linear 

accelerator for cancer curing (KANS, 2015). Accordingly, 

jobs related to radiation is also varied from radiological 

technologists and medical physicist working for hospital, to 

researcher in nuclear-related national agency, non-destructive 

inspection personnel and safety personnel in health-related 

workplace, etc. Above this, new jobs related to radiation are 

emerging a lot. Generally, curriculum of college changes 

along with social change. That is because curriculum of 

college should be organized in a way that meets the demands 

of the times and scientific fruit (Kang et al., 2011), 

Radiological Science is not an exception. Therefore, 

curriculum of Radiological Science in college needs to be 

improved and changed along with change of the times. 

Meanwhile, objective of Radiological Science in colleges is 

not that different among them since Radiological Science 

major is to foster talent like radiological technologists in 

medical technician work field. However characteristics of 

students is different; their needs should be included in 

structuring curriculum along with efforts to satisfy those 

learners.  

This research was conducted to provide upcoming basic data 

that meets the demands of the times by analyzing needs of 

university students majoring in radiological science in integral 

perspective. For that, attributal aspect was analyzed by 

statistical analysis, the natural scientific approach, and 

relational aspect was analyzed by social network analysis, the 

social scientific approach. While there exists a research 

explored needs using network analysis between courses in 

Hotel Management area (Lee, 2016), Radiological science 
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area has none. Kang et al. (2011) is a research on curiculum of 

Radiological Science but the objective is different; it aimed to 

know whether present curriculum is appropriate for workfield 

of radiological technoligists or not, and to explore curriculum 

which meets the globalized times. Specific contents of this 

research is first, to know which course students think is 

important to get a job, which course is needed to study major 

and etc. through demand analysis. Second, by introducing and 

using Social Network Analysis (SNA) as a research 

methodology, to arrange an opportunity for radiation area to 

widely use SNA, one of the major research methodology in 

big-data era. 

 

SOCIAL NETWORK ANALYSIS 

Network means interconnected structure of individuals. It is 

composed of node (vertex) and link (edge); node refers to 

actor having attribute of its own and link means connected 

relation between nodes. That is, network is a multiple 

connection of nodes variously shown around us (NodeXL 

Korea, 2015). Social Network Analysis is based on graph 

theory modeling network nodes and links. Research of Kumar 

et al. (2006) analyzed community structure, Zack and 

Mckenny (1995) exploring communication pattern, Klovdah 

(1985) studied propagation pathway of disease in health 

science, etc. are the examples of utilizing social network 

analysis in research. Domestically, Kim and Shin (2015) 

researched about supply chain within auto industry in the 

perspective of social network analysis. Moreover recently, 

social network analysis is used for marketing and big data 

analysis (Song and Song, 2016).  

 Meanwhile, understanding of network analysis index should 

be preceded to use social network analysis, several main 

indexs can be arrange as follow, based on NodeXL Korea 

(2015). First, size of network is the number of nodes 

composing the network. Second, density is a degree which 

nodes are connected within the network, density increases 

when links of nodes within network increases. Third, 

inclusiveness is a proportion of actual number of nodes having 

link by total number of nodes within the network. Fourth, 

degree is a number of nodes directly linked to that node. 

Degree is an important index which shows activeness and 

impact of the node in whold network structure. Fifth, 

clustering coefficient is a portion of number of links actually 

exist in maximum number of links that node can possiblely 

has with neighboring nodes. Sixth, closeness centrality 

measures how closely that node is located to the central within 

whole network. Seventh, betweenness centrality is an index 

that measures how well particular node acts as intermediary 

among other nodes in network. High betweenness centrality 

means high controlling power in resource and information 

flow inside the network. Specific formula of main indexes 

explained above is as (Table 1).  

 

Table 1: Network index 

index formular 

density 𝑘

𝑛 × (𝑛 − 1)/2
 

inclusiveness 𝑛 − 𝑛𝑖𝑠𝑜𝑙𝑎𝑡𝑒𝑑

𝑛
 

clustering coefficient 𝑁𝑐𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑

𝑘 × (𝑘 − 1)/2
 

closeness centrality 𝐶 𝑎 × (𝑛 − 1) 

betweenness centrality 
∑

𝑁𝑗𝑘(𝑖)

𝑁𝑗𝑘
𝑗(𝑘

 

 

METHODS 

Data collection and questionnaire design: This research used 

self-administered questionnaire subjected on 2nd, 3rd, 4th 

graders majoring Radiological Science in J University, the 

four-year-course university. First graders were discluded as 

they mostly take liberal arts classes, hard to provide useful 

information for this research without sufficient understanding 

about major courses. Ethical issue was highly considered; 

objective of the research was enoughly explained before 

participation to the subjects and only vonluntary respondents 

were accepted. Total number of respondents was 105, 35 in 

average of each grade. Respondents were to choose 3 courses 

for each ‘subjects to get a job’, ‘subjects for understanding of 

a major’ and ‘individually preferred subjects’ section from 

present curriculum of Radiological Science major in J 

University, shown in (Table 3). Besides, demographical 

survey questions like in (Table 2) were also included in the 

survey.  

Table 2: Questionnaires 

measurement 

variables 

question 

subject  subjects to get a job 

 subjects for understanding of a major 

 individually preferred subjects 

demographic gender, grade 

 

Table 3: Subjects and symbol used in questionnaires 

symbol subject symbol subject 

A Radiological 

mathematics 

P Regulation of atomic 

energy 

B Human anatomy and 

practice 

Q Magnetic resonance 

imaging 

C Introduction to radiation R Technology of 

radiation therapy 

D Anatomy & physiology S Computerized 

tomography 
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E Radiation physics T Nuclear medicine 

F Into. to electrical and 

electronic engineering 1 

U Ultrasonic imaging 

G Radiographic positioning 

procedure 1 

V Vascular & 

interventional 

radiology 

H Fluoro radiography W Nuclear medicine 

practice 

I Radiation for health X Magnetic resonance 

imaging practice 

J Theory of nuclear power Y Radiation therapy 

practice 

K Radiation imaging 

infoematics & practice 

Z Sonography practice 

L Into. to electrical and 

electronic engineering 2 

AA Computed 

tomography practice 

M Radiographic positioning 

procedures 2 

BB Radiology equipment 

& practice 

N Radioisotope 

management practice 

CC Regulation laws 

O Radiation biology DD Introduction to public 

health 

 

Data Analysis: Survery was conducted during class, from 26th, 

Sep, 2016 to 4th, Oct, 2016. Collected survey papers were 

entered in excel, network analysis was done using NodeXL 

Pro. In network analysis, network graph was utilized along 

with various indexes like degree, closeness centrality, 

betweenness centrality. Meanwhile, network analysis was 

conducted seperatly for each ‘subjects to get a job’, ‘subjects 

for understanding of a major’ and ‘individually preferred 

subjects’ section. Furthermore, priority of responds was 

surveyed to know importance of the subjects, impact of 

factors like gender was analyzed in statistical aspect. 

Statistical analysis was done by IBM SPSS 23.  

Research Diagram: Research flow diagram of this research is 

as (Figure 1). 

 

Figure 1: Research flow diagram 

 

RESULTS 

Descriptive Statistics Analysis: Total 105 respondents were 

instructed to choose 3 subjects in order to the importance of 

getting a job. As a result, frequency of top 5 subjects mostly 

chosen in each place was as (Table 4). While ‘Radiographic 

positioning procedure 1’ was overwhelmingly chosen 52 

times as 1st place, ‘Human anatomy and practice’ also 

showed relatively high frequency, 21 times. For 2nd place, 

‘Radiation positioning procedures 2’ was chosen 19 times, 

‘Radiographic positioning procedure 1’ 16 times and 

‘Magnetic resonance imaging’ was chosen 11 times in order. 

Meanwhile as a 3rd place, ‘Computerized tomography’ was 

mostly chosen, 11 times. As so, it showed that students 

majoring Radiological Science consider subjects dealing with 

diagnostic radiography equipment as an important subject 

required to get a job. 

Table 4: Frequency of top 5 subjects needed to get a job 

 Subjects(frequency) 

1st place G(52), B(21), J(5), R(5), K(4) 

2nd place M(19), G(16), Q(11), B(8), S(7) 

3rd place S(11), H(9), T(8), AA(7), B(7) 

 

For the ‘subjects for understanding a major’ section, ‘Human 

anatomy and practice’ was chosen as 1st place for 35 times, 

‘Radiographic positioning procedure 1’, 28 times at 1st place 

as shown in (Table 5). This result is similar to the subjects 

requried to get a job; students consider understanding of a 

major is directly related to getting a job. Unusual result is that 

‘Radiation physics’ was chosen 10 times in 3rd places, which 

means that students think physical understanding is highly 

important in studying major.  

Table 5: Frequency of top 5 subjects for understanding of a 

major 

 Subjects(frequency) 

1st place B(35), G(28), C(9), D(4), R(4) 

2nd place G(13), Q(13), B(11), M(11), D(8) 

3rd place G(18), E(10), S(10), H(6), I(6) 

 

Lastly in mostly preferred subjects, responds were as (Table 

6). Not that frequent, but ‘Theory of nuclear power’, ‘Nuclear 

medicine’ was chosen as 1st place for 7 times and 6 times 

each. Except that ‘Radiation biology’ was chosen for 5 times 

as 2nd place, result was similar to the result above.  

Table 6: Frequency of top 5 subjects mostly preferred 

individually 

 Subjects(frequency) 

1st place G(28), B(9), J(7), S(6), T(6) 

2nd place G(13), M(11), B(10), Q(6), O(5) 

3rd place G(10), B(8), J(7), Y(6), F(5) 

 

Meanwhile, difference depended on gender on 1st place 

choice was analyzed. As a result, ‘Radiographic positioning 

procedure1’ and ‘Human anatomy and practice’ was most 
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frequently chosen among both male and female students; 

gender had little impact on the respondents’ choice. 

Analysis considering weight: 3 subjects were to chosen in 

priority order for each section, ‘subjects important to get a 

job’, ‘subjects required for understanding of a major’ and 

‘mostly preferred subject’. Here, weight was given; 3 points to 

subjects in 1st place, 2 points to 2nd place and 1 point to 3rd 

place. Sum of the points for each subject is (Figure 2), (Figure 

3) and (Figure 4) in diagram. 

 

 

Figure 2: Subjects distributed considering weight; important 

to get a job 

 

Given weight, point of ‘Radiographic positioning procedure 1’ 

was overwhelmingly height, 189 points, as a subject required 

to get a job. ‘Human anatomy and practice’ and ‘Radiographic 

positioning procedures 2’ were next, as 85 points and 69 

points each. 

 

 

Figure 3: Subjects distributed considering weight; required 

for understanding of a major 

Given weight, ‘Human anatomy and practice’ and 

‘Radiographic positioning procedure’ earned relatively high 

points, 134 points and 128 points each. 

 

 

Figure 4:  Subjects distributed considering weight; mostly 

preferred subject 

Lastly, given weight, ‘Radiographic positioning procedure 1’ 

earned high point, 120, for mostly preferred subject, ‘Human 

anatomy and practice’ was next, 55 points. In overall, 

preference related to autoradiography and ‘Human anatomy 

and practice’ subject which is helpful to understand human 

body structure was high in all 3 sections. 

Social Network Analysis: In understanding relationship 

among subjects by their network, density increases as nodes 

are more linked to each other within network. Network 

density of ‘important subjects to get a job’, ‘subjects for 

understanding of a major’ and ‘individually preferred subjects’ 

is as (Table 7). Centrality index of each network is as (Table8), 

(Table 9) and (Table 10), network graph is as (Figure 5), 

(Figure 6), (Figure 7). Width of the line and size of node in 

network graph was decided by valude of ‘degree’. Meanwhile 

data used to draw network graph was symmetric, but arrows 

were used here to give dynamics. 

Table 7: Density of Network 

Network Density 

Important to get a job 0.27096 

Required to understand a major 0.27100 

Individual preference 0.37526 

 

First, for the subjects considered to be important to get a job, 

‘Radiographic positioning procedure 1’, ‘Human anatomy and 

practice’ and ‘Radiographic positioning procedures 2’ all had 

high centrality. This result is similar to (Figure 2), also shown 

in (Figure 5). On the other hand, some subjects had no 

network at all. 

 

Table 8: Centrality Index for top 10 subjects; important to get 

a job 

Rank Degree Betweenness Closeness Eigenvector 

 symbol value symbol value symbol value symbol value 

1 G 24 G 189.328 G 0.033 G 0.077 

2 B 19 B 67.343 B 0.029 B 0.068 

3 M 17 M 59.568 M 0.027 M 0.060 

4 S 14 S 34.434 S 0.025 S 0.054 

5 O 11 O 23.831 O 0.023 H 0.046 

6 H 11 X 21.387 X 0.023 K 0.044 

7 X 11 Q 18.046 H 0.023 O 0.043 

8 Q 10 H 14.570 Q 0.023 C 0.042 

9 T 10 J 13.324 R 0.023 T 0.042 

10 R 10 D 13.071 T 0.023 R 0.042 
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Figure 5: Network Graph; subjects considered to be 

important to get a job 

 

Nextly, (Table 9) shows centrality for subjects students 

consider to be required to understand a major, which is similar 

among various indexes. Meanwhile, unlike in (Table 8), 

‘introduction to radiation’ is taking 4th place here. Therefore, 

students majoring Radiological Science consider ‘Introduction 

to radiation’ as a basic course to study the major. 

 

Table 9: Centrality Index for top 10 subjects; required to 

understand a major 

rank Degree Betweenness Closeness Eigenvector 

 symbol value symbol value symbol value symbol value 

1 G 24 G 146.504 G 0.038 G 0.079 

2 B 20 B 79.166 B 0.033 B 0.070 

3 M 16 M 37.978 M 0.029 M 0.060 

4 C 15 C 22.527 C 0.029 C 0.060 

5 O 13 S 16.390 O 0.027 O 0.053 

6 S 11 Q 14.374 S 0.026 D 0.046 

7 D 11 O 13.956 D 0.026 E 0.045 

8 Q 10 D 11.594 Q 0.025 I 0.044 

9 K 10 K 7.825 K 0.025 K 0.043 

10 I 10 W 7.319 I 0.025 S 0.041 

 

 

Figure 6: Network Graph; required to understand a major 

 

Lastly, centrality for mostly preferred subjects is as (Table 10), 

which shows similar result among indexes. Unusual thing is 

that ‘Theory of nuclear power’ is taking 3rd place in 

individual preference. This can tell that students majoring in 

Radiological science are interested not only in national test 

related to radiological technologists but also in area related to 

nuclear. 

 

Table 10: Centrality Index for top 10 subjects; Individual 

preference 

Rank Degree Betweenness Closeness Eigenvector 

 symbol value symbol value symbol value symbol value 

1 G 27 G 108.118 G 0.034 G 0.067 

2 M 23 M 86.243 M 0.030 M 0.056 

3 J 20 J 49.287 J 0.028 J 0.053 

4 B 19 B 39.147 B 0.027 B 0.051 

5 S 15 S 27.722 S 0.024 O 0.044 

6 O 15 T 13.607 O 0.024 H 0.042 

7 T 14 O 12.860 T 0.024 T 0.040 

8 H 14 D 11.211 H 0.024 S 0.040 

9 V 13 E 10.708 V 0.023 V 0.038 

10 AA 12 H 10.615 A 0.023 AA 0.038 
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Figure 7: Network Graph; mostly preferred subject by 

individual 

 

CONCLUSIONS 

Number of radiological technologists working in medical-

health organizations in Korea increased for about 37.3%, 

became 14,069 in 2007 compared to 10,248 in 2000. 

Moreover, number of schools operating major of Radiological 

Science gradually increased from 11 schools in 1979, to 45 

universities in 2016; 24 of them are 3-year-course university 

and 21 of them are 4-year-course university. Also, increased 

entrance quota, 1,210 students in 1979 to 2,511 students in 

2007 means increased preference of students for Radiological 

Science major and extended field of radiation that can 

contribute to society. As so, new jobs related to radiation are 

emerging a lot, curriculum of college also should be changed 

and improved along with social change. In this process, as 

characteristics of students is different, their needs should be 

included in structuring curriculum along with efforts to satisfy 

those learners. In this perspective, this research was conducted 

to provide upcoming basic data by analyzing needs of 

university students majoring in radiological science in integral 

perspective. Specifically, descriptive statistics and social 

network analysis was used. Result was as follow. First, there 

was no significant difference among courses that students of 

radiological science consider as important to get a job, as 

required for studying major, and individually preferred course. 

Partial difference existed, but most students considered 

subject dealing with diagnostic radiography equipment as an 

important subject. Second, gender had little impact on 

choosing prior course. Third as a result of social network 

analysis, point was differenteated when importance of 

‘Computerized tomography’ was highly located for course 

important to get a job. Likewise, highly located importance of 

‘Introduction to radiation’ differentiated the point for course 

helpful for studying major. In same context, highly located 

importance of ‘Theory of nuclear power’ differentiated the 

point of course individually preferred. As so, this research 

proposes further curriculum to consider students’ needs when 

reorganizing. That is, proportion of subjects dealing with 

diagnostic radiography equipment should be increased, 

moreover, preference of the learner should be included as 

much as possible to satisfy students.        

Results of this research is hard to be generalized due to its 

limitation that the subjects were only from students majoring 

Radiological science in J University. However, it is obviously 

meaningful to see which subject students consider to be 

important for get a job and which subject is needed in 

studying major. Moreover, this research is meaningful in 

introducing and using Social Network Analysis (SNA) as a 

research methodology, to arrange an opportunity for radiation 

area to use SNA, one of the major research methodology in 

big-data era.  
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