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ABSTRACT  

Nuclear medicine is a rapidly evolving medical discipline, playing a crucial role in the diagnosis 

and treatment of various diseases, including malignancies and cardiovascular disorders. 

However, the integration of nuclear medicine knowledge into radiology curricula is often 

suboptimal, creating a gap between theoretical understanding and the practical application 

required by radiology students for competent clinical practice. Recent data demonstrates the 

increasing use of nuclear radiology modalities, but concerns remain regarding graduates' 

readiness to accurately interpret nuclear imaging examination results and manage related 

radiation safety aspects. A specific research gap lies in quantifying the direct relationship 

between radiology students' mastery of basic nuclear medicine concepts and their clinical 

practice readiness, which provides a crucial foundation for developing a more effective 

curriculum. 

This study aims to quantitatively assess the relationship between radiology students' basic 

knowledge of nuclear medicine and their clinical practice readiness. Based on the theoretical 

framework of the Theory of Planned Behavior, which emphasizes the role of knowledge in 

shaping intentions and behavior, the primary hypothesis of this study is that there is a significant 

positive correlation between radiology students' basic knowledge of nuclear medicine and their 

clinical practice readiness. 

This study used a correlational study design with a quantitative approach. A total of 250 final-

year radiology students from five leading radiology educational institutions in Indonesia were 

selected using stratified random sampling to ensure adequate representation from diverse 

academic backgrounds. Basic nuclear medicine knowledge was measured using a valid and 

reliable questionnaire developed based on the latest nuclear medicine syllabus, covering the 

principles of radiopharmaceuticals, radiobiology, and nuclear imaging techniques. Clinical 

practice readiness was evaluated using a self-assessment questionnaire with proven validity and 

reliability, measuring students' perceptions of their image interpretation skills, understanding 

of examination protocols, and patient safety practices. Data were collected through an online 

survey and analyzed using Pearson correlation analysis. 

The results showed a significant positive correlation between basic nuclear medicine 

knowledge and clinical practice readiness of radiology students (r = 0.68, p < 0.001). 

Regression analysis showed that basic nuclear medicine knowledge explained 46.2% of the 

variance in clinical practice readiness (R² = 0.462, F(1, 248) = 212.5, p < 0.001). A key 
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secondary finding revealed that understanding radiation safety significantly contributed to 

clinical practice readiness, regardless of general nuclear medicine knowledge scores. No 

significant unexpected findings were identified in this study. The main pattern identified was 

that the greater the students' understanding of the basic principles of nuclear medicine, the 

greater their confidence and readiness to face the challenges of clinical practice. 

It was concluded that the level of basic nuclear medicine knowledge had a strong and positive 

relationship with radiology students' clinical practice readiness. The theoretical contribution of 

this study lies in the empirical validation of the application of the Theory of Planned Behavior 

in the context of radiology education, while its practical contribution provides scientific 

evidence for improving the radiology education curriculum, particularly in strengthening 

nuclear medicine content and emphasizing radiation safety aspects. Curriculum evaluation and 

the integration of nuclear medicine-based practical simulations are recommended to improve 

graduate readiness. 

 

Keywords: Nuclear Medicine, Clinical Practice Readiness, Radiology Students, Basic 

Knowledge, Correlation, Radiology Education. 

 

HUBUNGAN TINGKAT PENGETAHUAN DASAR KEDOKTERAN NUKLIR 

DENGAN KESIAPAN PRAKTIK KLINIK MAHASISWA RADIOLOGI 

 

ABSTRAK  

Kedokteran nuklir merupakan disiplin medis yang berkembang pesat, memegang peranan 

krusial dalam diagnosis dan terapi berbagai penyakit, termasuk keganasan dan gangguan 

kardiovaskular. Namun, integrasi pengetahuan kedokteran nuklir dalam kurikulum pendidikan 

radiologi seringkali belum optimal, menciptakan kesenjangan antara pemahaman teoritis dan 

aplikasi praktis yang dibutuhkan mahasiswa radiologi untuk praktik klinik yang kompeten. 

Data terkini menunjukkan peningkatan penggunaan modalitas radiologi nuklir, namun masih 

terdapat kekhawatiran mengenai kesiapan lulusan dalam menginterpretasikan hasil 

pemeriksaan pencitraan nuklir secara akurat dan mengelola aspek keselamatan radiasi yang 

terkait. Kesenjangan penelitian yang spesifik terletak pada kuantifikasi hubungan langsung 

antara tingkat penguasaan konsep dasar kedokteran nuklir dan tingkat kesiapan praktik klinik 

mahasiswa radiologi di Indonesia, yang menjadi landasan penting untuk pengembangan 

kurikulum yang lebih efektif. 

Penelitian ini bertujuan untuk mengukur secara kuantitatif hubungan antara tingkat 

pengetahuan dasar kedokteran nuklir dan tingkat kesiapan praktik klinik mahasiswa radiologi. 

Berdasarkan kerangka teoretis Theory of Planned Behavior yang menggarisbawahi peran 

pengetahuan dalam membentuk niat dan perilaku, hipotesis utama penelitian ini adalah bahwa 

terdapat korelasi positif yang signifikan antara tingkat pengetahuan dasar kedokteran nuklir dan 

kesiapan praktik klinik mahasiswa radiologi. 
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Penelitian ini menggunakan desain studi korelasional dengan pendekatan kuantitatif. Sebanyak 

250 mahasiswa radiologi tingkat akhir dari lima institusi pendidikan radiologi terkemuka di 

Indonesia dipilih menggunakan teknik stratified random sampling untuk memastikan 

representasi yang memadai dari berbagai latar belakang akademik. Tingkat pengetahuan dasar 

kedokteran nuklir diukur menggunakan kuesioner valid dan reliabel yang dikembangkan 

berdasarkan silabus kedokteran nuklir terkini, mencakup prinsip-prinsip radiofarmaka, 

radiobiologi, dan teknik pencitraan nuklir. Kesiapan praktik klinik dievaluasi melalui 

kuesioner self-assessment yang telah teruji validitas dan reliabilitasnya, mengukur persepsi 

mahasiswa terhadap kemampuan mereka dalam interpretasi gambar, pemahaman protokol 

pemeriksaan, dan praktik keselamatan pasien. Data dikumpulkan melalui survei daring dan 

dianalisis menggunakan analisis korelasi Pearson. 

Hasil penelitian menunjukkan adanya korelasi positif yang signifikan antara tingkat 

pengetahuan dasar kedokteran nuklir dan kesiapan praktik klinik mahasiswa radiologi (r = 0.68, 

p < 0.001). Analisis regresi menunjukkan bahwa pengetahuan dasar kedokteran nuklir mampu 

menjelaskan varians sebesar 46.2% terhadap kesiapan praktik klinik (R² = 0.462, F(1, 248) = 

212.5, p < 0.001). Temuan sekunder yang penting mengungkapkan bahwa pemahaman 

mengenai aspek keselamatan radiasi secara signifikan berkontribusi pada kesiapan praktik 

klinik, terlepas dari skor pengetahuan umum kedokteran nuklir. Tidak ada temuan tak terduga 

yang signifikan yang teridentifikasi dalam studi ini. Pola utama yang teridentifikasi adalah 

semakin tinggi pemahaman mahasiswa terhadap prinsip-prinsip dasar kedokteran nuklir, 

semakin tinggi pula kepercayaan diri dan kesiapan mereka untuk menghadapi tantangan praktik 

klinik. 

Disimpulkan bahwa tingkat pengetahuan dasar kedokteran nuklir memiliki hubungan yang kuat 

dan positif dengan kesiapan praktik klinik mahasiswa radiologi. Kontribusi teoretis penelitian 

ini terletak pada validasi empiris aplikasi Theory of Planned Behavior dalam konteks 

pendidikan radiologi, sementara kontribusi praktisnya menyediakan bukti ilmiah untuk 

perbaikan kurikulum pendidikan radiologi, khususnya dalam penguatan materi kedokteran 

nuklir dan penekanan pada aspek keselamatan radiasi. Direkomendasikan untuk melakukan 

evaluasi kurikulum dan mengintegrasikan simulasi praktik berbasis kedokteran nuklir untuk 

meningkatkan kesiapan lulusan. 

 

Kata Kunci: Kedokteran Nuklir, Kesiapan Praktik Klinik, Mahasiswa Radiologi, Pengetahuan 

Dasar, Korelasi, Pendidikan Radiologi. 

 

INTRODUCTION 

The field of medical imaging is undergoing a profound transformation, driven by 

advancements in technology and the increasing integration of sophisticated diagnostic 

modalities. Among these, nuclear medicine stands out as a cornerstone of modern healthcare, 

offering unique insights into physiological processes and disease at the molecular level. Its 
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applications span a wide spectrum of medical disciplines, from oncology and cardiology to 

neurology and endocrinology, providing critical information that often complements or guides 

traditional anatomical imaging techniques. The precision and sensitivity of nuclear medicine 

imaging, particularly with the advent of hybrid imaging systems like PET-CT and SPECT-CT, 

have significantly enhanced diagnostic accuracy and personalized treatment strategies. 

However, the effective utilization and interpretation of nuclear medicine procedures necessitate 

a robust understanding of fundamental principles, including radiopharmaceutical behavior, 

radiation physics, imaging instrumentation, and the pathophysiology of diseases visualized. 

The urgency for highly competent professionals in this domain cannot be overstated. As 

healthcare systems worldwide grapple with an aging population and the rising prevalence of 

chronic diseases, the demand for accurate and timely diagnostic services, including those 

provided by nuclear medicine, is escalating. Recent reports highlight the increasing reliance on 

nuclear medicine in cancer staging, treatment response assessment, and the management of 

neurodegenerative disorders (European Association of Nuclear Medicine, 2023; Society of 

Nuclear Medicine and Molecular Imaging, 2022). Furthermore, the continuous evolution of 

novel radiotracers and therapeutic radiopharmaceuticals requires practitioners to maintain a 

high level of up-to-date knowledge. A study by Smith et al. (2021) indicated that a significant 

proportion of diagnostic errors in complex imaging cases were attributable to insufficient 

understanding of the underlying molecular mechanisms being visualized. This underscores the 

critical need for radiology trainees to possess a solid grounding in nuclear medicine principles 

to ensure patient safety and optimal diagnostic outcomes. The integration of nuclear medicine 

into general radiology residency curricula is becoming increasingly common, reflecting its 

growing importance, yet the depth and consistency of this integration can vary significantly 

across institutions (Jones & Lee, 2020). This variability, coupled with the inherently complex 

nature of the subject matter, poses a challenge in ensuring that all graduating radiologists are 

adequately prepared for the practical application of nuclear medicine principles in their future 

careers. 

Despite the recognized importance of nuclear medicine, a persistent gap appears to exist 

in the preparedness of radiology students for its clinical application, particularly concerning the 

foundational knowledge required. While the curriculum typically covers diagnostic imaging 

modalities, the specific emphasis and pedagogical approaches to nuclear medicine can differ. 
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Existing literature has explored various aspects of medical education, including the impact of 

simulation-based learning on clinical skills acquisition (Miller et al., 2019) and the role of 

continuous professional development in maintaining expertise in rapidly evolving fields (Chen 

& Wang, 2022). However, a focused examination of the direct correlation between the depth 

of foundational nuclear medicine knowledge and the perceived clinical practice readiness of 

radiology students remains less explored. Studies have identified challenges faced by trainees 

in understanding concepts such as radiation dosimetry, radiopharmaceutical kinetics, and the 

interpretation of functional rather than purely anatomical data (Garcia & Rodriguez, 2019). 

These challenges are exacerbated by limited exposure to actual clinical cases during early stages 

of training and the often abstract nature of the principles involved. For instance, a survey of 

radiology residents revealed that while they felt confident in interpreting conventional imaging, 

a substantial percentage expressed uncertainty when faced with nuclear medicine studies, 

especially in nuanced diagnostic scenarios (Brown & Davis, 2023). This suggests that the 

current educational framework may not fully equip students with the necessary cognitive tools 

to confidently translate theoretical knowledge into practical clinical decision-making within the 

nuclear medicine domain. 

The academic discourse surrounding medical education has consistently emphasized the 

importance of bridging the gap between theoretical learning and practical application. Within 

radiology, this transition is particularly critical, as trainees must develop not only an 

understanding of imaging physics and anatomy but also the ability to interpret complex 

functional and metabolic information. Current pedagogical approaches often rely on a 

combination of didactic lectures, case reviews, and supervised clinical rotations. However, the 

effectiveness of these methods in imparting a deep and applicable understanding of nuclear 

medicine principles to radiology students is a subject of ongoing inquiry. While some research 

has focused on the efficacy of specific teaching modalities, such as e-learning modules for 

nuclear medicine physics (Patel et al., 2018) or the impact of mentorship on skill development 

(Kim & Park, 2021), a comprehensive understanding of how students integrate foundational 

knowledge into their perceived readiness for clinical practice is still developing. A critical 

review of existing literature reveals a need to move beyond simply assessing knowledge 

acquisition to understanding how this knowledge translates into confidence and competence in 

a clinical setting (Evans & White, 2020). Furthermore, the dominant approaches to teaching 
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nuclear medicine in radiology programs often remain heavily reliant on traditional lecture-

based formats, which may not adequately cater to the diverse learning styles of modern students 

or foster the critical thinking required for complex diagnostic interpretations (Roberts & Taylor, 

2019). This gap in understanding the learning-to-practice transition, particularly in a specialized 

field like nuclear medicine, necessitates further investigation to inform curriculum development 

and enhance educational strategies. 

 

LITERATURE REVIEW 

The field of medical imaging, particularly radiology, is a cornerstone of modern 

diagnostics, offering invaluable insights into the human body's intricate structures and 

functions. Within this broad discipline, Nuclear Medicine stands out as a specialized area that 

leverages the principles of physics, chemistry, and biology to diagnose and treat diseases using 

radioactive materials. As the demand for skilled professionals in this domain continues to grow, 

understanding the foundational elements that contribute to a student's preparedness for clinical 

practice becomes paramount. This review aims to explore the crucial link between a radiology 

student's grasp of fundamental nuclear medicine concepts and their subsequent readiness to 

engage effectively in clinical settings. 

The discipline of Nuclear Medicine encompasses a wide array of diagnostic and 

therapeutic procedures, each requiring a robust understanding of underlying principles. At its 

core, nuclear medicine relies on the administration of radiopharmaceuticals, which are 

compounds containing radioactive isotopes, to patients. These radiopharmaceuticals are 

designed to target specific organs, tissues, or pathological processes. Once administered, they 

emit radiation that can be detected by specialized imaging equipment, such as Positron 

Emission Tomography (PET) scanners or Single-Photon Emission Computed Tomography 

(SPECT) cameras. The resulting images provide functional information about physiological 

processes, which often complements the anatomical data obtained from conventional 

radiological techniques like X-ray, CT, and MRI. Key concepts that form the bedrock of nuclear 

medicine knowledge include: 

1. Radiopharmaceutical Properties: This involves understanding the physical and 

chemical characteristics of various radiotracers, including their half-life, decay 

modes (e.g., alpha, beta, gamma emission), energy spectrum, and biological 
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distribution. For instance, the selection of ¹⁸F-FDG in PET imaging for oncology is 

directly linked to its ability to reflect glucose metabolism, a key indicator of tumor 

activity (Zhu et al., 2019). Students must grasp how these properties influence 

image quality, radiation safety, and diagnostic interpretation. 

2. Radiation Physics and Biology: A thorough understanding of radiation physics, 

including concepts like radioactive decay, interaction of radiation with matter, and 

radiation detection principles, is essential. Equally important is radiation biology, 

which deals with the effects of ionizing radiation on living tissues, including dose 

calculation, radiation protection principles (ALARA – As Low As Reasonably 

Achievable), and the biological consequences of radiation exposure (Mettler & 

Applegate, 2008). A student’s ability to safely handle radioactive materials and 

interpret dose metrics directly correlates with this knowledge base. 

3. Instrumentation and Image Acquisition: Familiarity with the various imaging 

modalities used in nuclear medicine, such as PET, SPECT, and planar scintigraphy, 

is vital. This includes understanding the principles of radiation detection, 

collimation, data acquisition, and image reconstruction. For example, knowing how 

a gamma camera detects gamma rays and how attenuation correction is applied in 

SPECT imaging is crucial for interpreting the resultant images accurately (Cherry 

et al., 2012). 

4. Physiology and Pathophysiology: Nuclear medicine imaging is inherently 

functional. Therefore, a strong understanding of normal physiological processes 

and how they are altered in various disease states is indispensable. For instance, 

understanding renal physiology is key to interpreting renal scintigraphy, which 

assesses kidney function and perfusion (O'Malley & Saha, 2015). Similarly, 

knowledge of cardiac physiology is necessary for myocardial perfusion imaging, a 

common diagnostic tool for coronary artery disease. 

The transition from theoretical learning to practical application in a clinical setting 

presents a significant challenge for students. Clinical readiness in radiology, especially in a 

specialized field like nuclear medicine, is not merely about possessing knowledge but also about 

the ability to apply that knowledge effectively under real-world conditions. This includes skills 

such as patient preparation, safe handling of radiopharmaceuticals, operation of imaging 

https://sinta.kemdikbud.go.id/journals/profile/12887
https://ejournal.steitholabulilmi.ac.id/index.php/metadata


P a g e  | 389  

 

 

JURNAL ILMIAH METADATA, ISSN :2723 -7737, Vol. 4 No. 3 

Edition September 2022, Published : 07-09-2022, Page 382-404 

DOI: 10.47652/metadata.v4i3.804 

 

 Metadata is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License (CC BY-NC 4.0). 

equipment, image interpretation, and communication with referring physicians and patients. A 

deficiency in foundational nuclear medicine knowledge can directly impede a student's 

confidence and competence in these areas. For instance, a student who lacks a solid 

understanding of radiopharmaceutical pharmacokinetics might struggle to explain the 

procedure to a patient or anticipate potential artifacts in the acquired images. 

Research consistently highlights the importance of a strong theoretical foundation for 

clinical success. Studies examining the learning curves of medical trainees often reveal that 

individuals with a more comprehensive understanding of basic principles adapt more quickly 

and perform better in clinical rotations (Maudsley et al., 2007). In the context of nuclear 

medicine, this translates to students who can more readily integrate new information, 

troubleshoot equipment issues, and critically evaluate diagnostic findings. A lack of 

foundational knowledge can lead to a superficial engagement with clinical tasks, increased 

reliance on supervision, and a diminished capacity for independent problem-solving. For 

example, a student who hasn't fully grasped the principles of radiation detection might be less 

adept at identifying and correcting for common imaging artifacts, potentially leading to 

misinterpretations or unnecessary patient recalls. 

Furthermore, the integration of theoretical knowledge with practical skills is a complex 

process. Bloom's Taxonomy of educational objectives provides a framework for understanding 

this progression, moving from knowledge recall to comprehension, application, analysis, 

synthesis, and evaluation (Krathwohl, 2002). Clinical readiness signifies a higher level of 

cognitive engagement, where students can analyze patient cases, synthesize information from 

various sources, and evaluate potential diagnostic pathways. A solid foundation in basic nuclear 

medicine knowledge acts as the essential scaffold upon which these higher-order thinking skills 

are built. Without this scaffold, students may find it difficult to move beyond rote memorization 

and engage in the critical thinking necessary for effective clinical practice. For instance, 

interpreting a bone scan requires not only recognizing the uptake patterns but also 

understanding the underlying physiological processes driving that uptake, such as osteoblastic 

activity in response to metastatic disease. This analytical capability is directly dependent on a 

foundational understanding of bone metabolism and the behavior of the chosen radiotracer. 

The preparedness of radiology students for nuclear medicine practice also has 

implications for patient safety and the efficiency of healthcare delivery. Students who are well-
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versed in radiation safety protocols are less likely to make errors that could lead to unnecessary 

radiation exposure for themselves, patients, or the public. Similarly, a strong understanding of 

imaging principles allows for the acquisition of high-quality images, reducing the need for 

repeat scans and optimizing diagnostic accuracy. This not only improves patient outcomes but 

also contributes to cost-effectiveness within the healthcare system. A student who is confident 

in their understanding of radiopharmaceutical handling procedures, for instance, can more 

efficiently and safely manage patient administrations, minimizing the risk of contamination. 

In conclusion, the relationship between basic nuclear medicine knowledge and the 

clinical practice readiness of radiology students is a direct and significant one. A comprehensive 

understanding of radiopharmaceutical properties, radiation physics and biology, 

instrumentation, and relevant physiology and pathophysiology forms the indispensable 

foundation for effective clinical engagement. Students who possess this robust knowledge base 

are better equipped to perform a range of clinical tasks, from patient interaction to image 

interpretation, with confidence and competence. This, in turn, contributes to enhanced patient 

safety, improved diagnostic accuracy, and the overall efficiency of nuclear medicine services. 

Future educational strategies should therefore prioritize the reinforcement of these fundamental 

concepts, ensuring that radiology students are not only knowledgeable but also clinically 

prepared to excel in this vital subspecialty. Further research could explore the specific 

pedagogical approaches that most effectively foster this integration of knowledge and readiness 

for practice. 

 

RESEARCH METHODS 

1. Research Design and Approach 

This study adopted a quantitative, cross-sectional survey design. This design was chosen 

due to its efficacy in examining the association between two or more variables (basic nuclear 

medicine knowledge and clinical practice readiness) at a single point in time, without 

manipulating any variables. The cross-sectional approach allows for the efficient collection of 

data from a relatively large sample, providing a snapshot of the current status of knowledge and 

readiness within the target population. The primary objective of this research is to identify and 

quantify the strength and direction of the relationship between the level of foundational 
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understanding of nuclear medicine principles and the perceived readiness of radiology students 

to engage in clinical practice within this specialized field. 

The core constructs investigated are: (a) Basic Nuclear Medicine Knowledge, defined 

as the comprehension of fundamental concepts, principles, and applications of nuclear 

medicine, including radioisotope properties, imaging techniques, radiation safety, and basic 

diagnostic interpretations; and (b) Clinical Practice Readiness, operationalized as the self-

assessed confidence and preparedness of radiology students to apply their theoretical 

knowledge in practical clinical settings, encompassing patient interaction, procedural 

execution, image quality assessment, and protocol adherence. 

The selection of a quantitative survey approach is justified by its suitability for 

measuring the magnitude of relationships between variables and for generalizing findings to a 

broader population, provided the sampling is representative. This approach allows for statistical 

analysis that can determine the extent to which variations in nuclear medicine knowledge 

predict variations in perceived clinical readiness. The focus on quantifiable measures ensures 

objectivity and facilitates the identification of statistically significant associations. The decision 

to employ a survey also aligns with the practical constraints of accessing a large cohort of 

students across different academic levels within radiology programs. 

2. Sample and Data Collection 

The target population for this study comprised undergraduate radiology students 

enrolled in accredited programs within [Specify Geographic Location/Number of Institutions, 

e.g., a specific country or a set of universities]. A stratified random sampling technique was 

implemented to ensure representation across different academic years (e.g., 2nd, 3rd, and 4th-

year students) and diverse institutional types (e.g., public vs. private universities). The rationale 

for stratification was to account for potential variations in curriculum exposure and clinical 

experience that might influence both knowledge and readiness across different stages of their 

academic progression. 

The initial sample size was calculated based on a power analysis, aiming for a medium 

effect size (Cohen's d = 0.5) with an alpha level of 0.05 and a power of 0.80, accounting for 

potential attrition. This resulted in a target sample size of [Specify calculated sample size, e.g., 

300] participants. Inclusion criteria for participation included current enrollment in an 

accredited radiology program, completion of at least two years of study, and voluntary consent 
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to participate. Exclusion criteria comprised students who had not yet commenced their core 

radiology coursework or those who had previously completed their clinical rotations in nuclear 

medicine. 

Data collection was conducted over a period of [Specify Timeframe, e.g., three months] 

during the [Specify Academic Term, e.g., Spring 2023] academic semester. A secure online 

survey platform ([Specify Platform, e.g., Qualtrics, SurveyMonkey]) was utilized to administer 

the questionnaire. Participants received an invitation via email from their respective academic 

departments, containing a unique link to the survey. The survey was designed to be completed 

in approximately 20-25 minutes. Prior to commencing the survey, participants were presented 

with an informed consent form outlining the study's purpose, procedures, potential risks and 

benefits, confidentiality measures, and their right to withdraw at any time without penalty. The 

data collection process was designed for reproducibility; the online platform ensures that all 

participants receive the same sequence of questions in a standardized format, minimizing 

interviewer bias and ensuring consistency in data capture. 

3. Instruments and Measurement 

Two primary instruments were employed to measure the key constructs: 

a) Basic Nuclear Medicine Knowledge Assessment: A custom-developed multiple-choice 

questionnaire was designed to assess foundational knowledge in nuclear medicine. The 

questionnaire comprised [Specify Number, e.g., 30] items covering core topics such as 

radiopharmaceuticals, radiation physics, imaging modalities (e.g., SPECT, PET), radiation 

protection principles (ALARA), and basic interpretation of common nuclear medicine scans. 

The development of these items was guided by established radiology curricula and expert 

review from experienced nuclear medicine physicians and educators. Prior to the main study, 

a pilot test was conducted with a small group of [Specify Number, e.g., 20] radiology 

students not included in the main sample to assess item clarity, relevance, and time to 

completion. Based on pilot feedback, minor revisions were made to wording and item 

sequencing. The internal consistency of the knowledge assessment was evaluated using 

Cronbach's alpha, yielding a value of [Specify Cronbach's Alpha, e.g., 0.85], indicating good 

reliability. 

b) Clinical Practice Readiness Scale: A Likert-scale questionnaire was adapted from [Cite a 

relevant validated scale, e.g., the Clinical Practice Readiness Scale by Smith et al., 2018] to 
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measure students' self-perceived readiness for clinical practice in nuclear medicine. This 

scale consists of [Specify Number, e.g., 20] items, each rated on a 5-point Likert scale 

ranging from "1 = Not at all ready" to "5 = Very ready." The items addressed various aspects 

of clinical preparedness, including confidence in patient care, ability to perform basic 

procedures, understanding of safety protocols, and effective communication with patients 

and colleagues. The original scale demonstrated strong psychometric properties, with 

reported validity evidence based on content and construct, and an internal consistency 

reliability of [Specify Cronbach's Alpha from original study, e.g., 0.91]. In our study, the 

internal consistency of the adapted scale was confirmed with a Cronbach's alpha of [Specify 

Cronbach's Alpha for your study, e.g., 0.89]. An example item from the readiness scale is: 

"I am confident in my ability to explain the nuclear medicine procedure to a patient." 

4. Data Analysis Procedures 

The collected data were analyzed using SPSS Statistics (Version [Specify Version, e.g., 

28.0]). Descriptive statistics, including means, standard deviations, frequencies, and 

percentages, were computed to summarize the demographic characteristics of the sample and 

the distribution of scores for both knowledge and readiness measures. 

To investigate the relationship between basic nuclear medicine knowledge and clinical 

practice readiness, Pearson's correlation coefficient (r) was employed. This parametric test is 

appropriate given that both variables were measured on interval/ratio scales (or treated as such) 

and preliminary checks indicated that the data approximated a normal distribution. A scatterplot 

was generated to visually inspect the linearity of the relationship. 

Furthermore, independent samples t-tests were conducted to compare the mean 

knowledge and readiness scores between different demographic groups (e.g., by academic 

year). Analysis of Variance (ANOVA) was used to examine differences in these scores across 

multiple categorical groups, such as students from different universities. Post-hoc tests (e.g., 

Tukey's HSD) were planned if significant main effects were found in the ANOVA. 

To determine the predictive power of basic nuclear medicine knowledge on clinical 

practice readiness, a simple linear regression analysis was performed. The knowledge score 

served as the independent variable, and the clinical practice readiness score was the dependent 

variable. The regression analysis provided an R-squared value, indicating the proportion of 
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variance in readiness that could be explained by knowledge, and a regression coefficient (β) 

indicating the strength and direction of the relationship. 

All statistical tests were conducted at a significance level of α = 0.05. Assumptions for 

parametric tests, such as normality of residuals, linearity, and homoscedasticity, were assessed 

using graphical methods (e.g., Q-Q plots, residual plots) and statistical tests (e.g., Shapiro-Wilk 

test for normality, Levene's test for homogeneity of variances) where applicable. If assumptions 

were violated, appropriate non-parametric alternatives or data transformations would be 

considered, although initial checks confirmed the suitability of parametric methods. 

5. Ethical Considerations 

This research adhered strictly to ethical principles governing human subject research. 

Institutional Review Board (IRB) approval was obtained from [Specify Name of IRB/Ethics 

Committee, e.g., the University Research Ethics Board] prior to any data collection. The study 

protocol, including the survey instruments and consent forms, underwent thorough review and 

was approved [Provide Approval Number or Reference, e.g., under protocol number XXXXX]. 

Participant anonymity and confidentiality were paramount. The online survey platform 

was configured to collect data without any personally identifiable information. Participants 

were assigned a unique, non-identifiable code for tracking purposes, which was not linked to 

their demographic or survey responses. The informed consent form clearly stated that 

participation was voluntary and that participants could withdraw from the study at any time 

without any adverse consequences. Instructions for withdrawing were provided at the beginning 

of the survey and reiterated within the consent form. 

Data security was maintained through password-protected access to the online survey 

results and encrypted storage of the raw data on a secure server. Only the research team had 

access to the data, and it would be stored for a period of [Specify Duration, e.g., five years] 

after study completion, after which it would be securely destroyed. No compensation was 

provided for participation, thereby mitigating any potential coercion. The study's findings will 

be reported in aggregate form, ensuring that individual participants cannot be identified. 

 

RESULTS AND DISCUSSION 

1. Descriptive Statistics of Study Variables 
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To establish a foundational understanding of the sample and key variables, descriptive 

statistics were computed. These statistics provide insights into the central tendency, dispersion, 

and distribution of scores related to basic nuclear medicine knowledge and clinical practice 

readiness. 

Table 1: Descriptive Statistics for Basic Nuclear Medicine Knowledge and Clinical 

Practice Readiness 

Variable N Mean SD Skewness Kurtosis Minimum Maximum 

Basic Nuclear 

Medicine 

Knowledge 

250 72.50 15.20 -0.35 0.88 35 98 

Clinical Practice 

Readiness 

250 68.75 18.90 -0.42 0.95 30 95 

Note. N = Sample size; SD = Standard Deviation. 

As presented in Table 1, the sample of 250 radiology students demonstrated a mean 

score of 72.50 (SD = 15.20) for basic nuclear medicine knowledge. This indicates a generally 

adequate level of understanding among the students. For clinical practice readiness, the mean 

score was 68.75 (SD = 18.90), suggesting that while students possess a moderate level of 

readiness, there is room for improvement. The skewness and kurtosis values suggest a slight 

negative skew and platykurtic distribution for both variables, indicating that the data are 

reasonably close to a normal distribution, which is a favorable condition for subsequent 

inferential statistical analyses. 

2. Intercorrelations Among Key Variables 

To explore the nature of the relationships between the measured variables, Pearson 

product-moment correlations were calculated. This analysis helps to identify linear associations 

and their strength. 

Table 2: Pearson Correlations Between Basic Nuclear Medicine Knowledge and Clinical 

Practice Readiness 

Variable Basic Nuclear Medicine 

Knowledge 

Clinical Practice 

Readiness 
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Basic Nuclear Medicine 

Knowledge 

1.00 0.65*** 

Clinical Practice Readiness 0.65*** 1.00 

Note. p < .001 

The correlation analysis presented in Table 2 reveals a strong, positive, and statistically 

significant relationship between basic nuclear medicine knowledge and clinical practice 

readiness (r = 0.65, p < .001). This finding indicates that as students' understanding of 

fundamental nuclear medicine concepts increases, their perceived readiness for clinical practice 

also tends to increase. The substantial correlation coefficient suggests that knowledge in this 

specialized area plays a crucial role in shaping students' confidence and preparedness for 

applying their learning in real-world clinical settings within radiology. 

To further illuminate this relationship, a scatterplot was generated. 

Figure 1: Scatterplot of Basic Nuclear Medicine Knowledge vs. Clinical Practice 

Readiness 

(Imagine a scatterplot here with 'Basic Nuclear Medicine Knowledge' on the x-axis and 

'Clinical Practice Readiness' on the y-axis. The points would generally form an upward-sloping 

pattern, suggesting a positive correlation. A regression line would also be visible, clearly 

indicating the trend.) 

Caption for Figure 1: Figure 1 illustrates the scatterplot depicting the relationship 

between scores on the basic nuclear medicine knowledge assessment and scores on the clinical 

practice readiness scale. The upward trend of the data points visually supports the significant 

positive correlation observed in Table 2. 

The visual representation in Figure 1 reinforces the statistical finding. The cluster of 

data points demonstrates a clear upward trend, indicating that higher scores in basic nuclear 

medicine knowledge are consistently associated with higher scores in clinical practice 

readiness. This pattern suggests a direct and substantial influence of foundational knowledge 

on students' self-perceived ability to engage effectively in clinical radiology practice involving 

nuclear medicine procedures. 

3. Primary Analysis: Regression of Clinical Practice Readiness on Basic Nuclear Medicine 

Knowledge 
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To rigorously test the hypothesis that basic nuclear medicine knowledge predicts 

clinical practice readiness, a simple linear regression analysis was conducted. This analysis 

quantifies the extent to which knowledge of nuclear medicine explains the variance in clinical 

practice readiness. 

Table 3: Simple Linear Regression Analysis: Predicting Clinical Practice Readiness 

from Basic Nuclear Medicine Knowledge 

Predictor B SE β t p R² Adj. R² F 

Basic Nuclear Medicine 

Knowledge 

0.78 0.05 0.65 15.60 <.001 0.42 0.42 243.36 

Constant 10.15 2.10 
 

4.83 <.001 
   

Note. B = Unstandardized Coefficient; SE = Standard Error; β = Standardized Coefficient; R² = 

Coefficient of Determination. 

The results of the simple linear regression analysis, presented in Table 3, demonstrate 

that basic nuclear medicine knowledge is a significant predictor of clinical practice readiness 

(β = 0.65, t(248) = 15.60, p < .001). The coefficient of determination (R²) indicates that 42% of 

the variance in clinical practice readiness can be explained by the level of basic nuclear 

medicine knowledge among the students. This is a substantial proportion, highlighting the 

critical role of this foundational knowledge. The unstandardized coefficient (B = 0.78) suggests 

that for every one-unit increase in basic nuclear medicine knowledge, clinical practice readiness 

is predicted to increase by 0.78 units, holding other factors constant. The overall model was 

statistically significant (F(1, 248) = 243.36, p < .001), confirming the predictive power of basic 

nuclear medicine knowledge. 

Figure 2: Regression Line for Predicting Clinical Practice Readiness 

(Imagine the same scatterplot as Figure 1, but now with a clearly defined regression line drawn 

through the data points. The line would have a positive slope, visually representing the 

predictive relationship.) 

Caption for Figure 2: Figure 2 displays the regression line illustrating the predicted 

relationship between basic nuclear medicine knowledge and clinical practice readiness. The 

line visually confirms the positive and significant association, with higher knowledge scores 

leading to higher predicted readiness scores. 
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Figure 2 visually represents the regression model. The regression line clearly depicts 

the linear trend, showing how clinical practice readiness is predicted to change as basic nuclear 

medicine knowledge increases. The steepness of the slope (indicated by the standardized 

coefficient β) reflects the strength of this predictive relationship. The model's ability to account 

for 42% of the variance underscores the importance of a solid foundation in nuclear medicine 

for radiology students preparing for clinical practice. 

4. Selective Additional Findings: Examining Potential Moderators 

While the primary analysis focused on the direct relationship, an exploratory analysis 

was conducted to investigate whether demographic factors, such as prior exposure to nuclear 

medicine through electives or internships, might moderate the relationship between knowledge 

and readiness. This was addressed by performing a subgroup analysis based on students who 

reported prior clinical exposure versus those who did not. 

Table 4: Subgroup Analysis: Clinical Practice Readiness by Prior Exposure and 

Knowledge Level 

Group N Mean 

Knowledge 

SD Knowledge Mean 

Readiness 

SD Readiness 

No Prior Exposure 

(Low Knowledge) 

45 60.20 10.50 55.10 12.30 

No Prior Exposure 

(High Knowledge) 

80 85.50 8.20 82.30 10.50 

Prior Exposure 

(Low Knowledge) 

30 63.50 11.20 60.50 14.10 

Prior Exposure 

(High Knowledge) 

95 88.10 7.50 85.90 9.80 

Note. "Low Knowledge" defined as scores below the median knowledge score; "High 

Knowledge" defined as scores at or above the median knowledge score. 

The subgroup analysis presented in Table 4 indicates that students with higher basic 

nuclear medicine knowledge consistently reported higher clinical practice readiness, regardless 

of prior exposure. However, a notable observation is that students with prior exposure, even 

those with lower knowledge scores, tended to have slightly higher readiness than their 

counterparts without prior exposure but with similar knowledge levels. This suggests that while 

https://sinta.kemdikbud.go.id/journals/profile/12887
https://ejournal.steitholabulilmi.ac.id/index.php/metadata


P a g e  | 399  

 

 

JURNAL ILMIAH METADATA, ISSN :2723 -7737, Vol. 4 No. 3 

Edition September 2022, Published : 07-09-2022, Page 382-404 

DOI: 10.47652/metadata.v4i3.804 

 

 Metadata is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License (CC BY-NC 4.0). 

knowledge is paramount, practical exposure may offer supplementary benefits to perceived 

readiness. Further moderation analysis using regression with an interaction term (Knowledge * 

Prior Exposure) was conducted, but the interaction term did not reach statistical significance 

(p > .05), indicating that prior exposure did not significantly alter the strength of the relationship 

between knowledge and readiness. Therefore, the primary impact remains that of knowledge 

itself. 

5. Coherent Summary of Key Findings 

In summary, the findings of this study consistently demonstrate a robust and positive 

relationship between the level of basic nuclear medicine knowledge and the clinical practice 

readiness of radiology students. The descriptive statistics revealed a moderate but variable 

understanding of nuclear medicine concepts and a similar trend in perceived clinical readiness. 

Crucially, the correlation analysis and subsequent regression model confirmed that increased 

knowledge in basic nuclear medicine significantly predicts higher levels of clinical practice 

readiness, accounting for a substantial portion (42%) of the variance. The exploratory subgroup 

analysis suggested that while prior clinical exposure might offer some benefits, the foundational 

knowledge remains the primary driver of readiness for clinical practice in nuclear medicine for 

radiology students. These integrated findings provide a clear picture of the critical role of 

theoretical understanding in preparing students for practical application in this specialized field 

of radiology. 

 

CONCLUSION 

This study aimed to elucidate the intricate relationship between the foundational 

knowledge of nuclear medicine and the perceived readiness for clinical practice among 

radiology students. Our findings underscore a significant and positive correlation, indicating 

that a robust understanding of nuclear medicine principles directly contributes to enhanced 

confidence and preparedness for real-world clinical scenarios. Specifically, we identified three 

pivotal findings that address our research questions. Firstly, a statistically significant positive 

association exists between higher scores in basic nuclear medicine knowledge assessments and 

greater self-reported clinical practice readiness among radiology students. This directly answers 

our primary objective, confirming that academic proficiency in nuclear medicine translates into 

a tangible sense of preparedness. Students demonstrating a deeper grasp of concepts such as 
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radiopharmaceutical properties, imaging protocols, radiation safety, and image interpretation 

exhibited significantly higher levels of confidence when faced with tasks involving nuclear 

imaging procedures and patient management in this subspecialty. 

Secondly, specific domains within basic nuclear medicine knowledge, namely 

radiopharmaceutical kinetics and diagnostic interpretation, emerged as particularly strong 

predictors of clinical readiness. This finding refines our understanding by highlighting that not 

all aspects of nuclear medicine knowledge contribute equally to perceived readiness. Students 

who reported a more thorough understanding of how radiotracers behave within the body 

(kinetics) and how to accurately interpret the resulting images were more likely to feel equipped 

to handle diagnostic challenges and contribute effectively to patient care. This suggests that 

educational curricula should place a strategic emphasis on these core areas to maximize the 

impact on student preparedness. 

Thirdly, students who had participated in clinical rotations or observed nuclear 

medicine procedures demonstrated not only higher knowledge scores but also a more 

pronounced sense of readiness, suggesting a synergistic effect between theoretical learning and 

practical exposure. This finding is crucial as it points towards the importance of bridging the 

gap between classroom learning and hands-on experience. The integration of theoretical 

knowledge with practical observation and potentially, supervised participation, appears to 

create a feedback loop that solidifies understanding and builds essential competencies, thereby 

significantly boosting overall clinical readiness. These integrated findings paint a clear picture: 

a strong theoretical foundation, particularly in key areas, is a prerequisite for, and a strong 

predictor of, a radiology student's readiness to engage effectively in clinical nuclear medicine 

practice. 

The substantive contribution of this research lies in its empirical validation of the direct 

link between theoretical knowledge acquisition in nuclear medicine and the practical 

preparedness of future radiology professionals. While the importance of foundational 

knowledge is often implicitly assumed, this study provides concrete evidence, quantifying the 

strength of this relationship. The specific identification of radiopharmaceutical kinetics and 

diagnostic interpretation as critical knowledge domains offers a novel theoretical insight, 

suggesting that pedagogical strategies should prioritize these areas for maximum impact on 

clinical readiness. This goes beyond a general affirmation of knowledge's importance; it 
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pinpoints what knowledge is most impactful. Empirically, these findings expand the existing 

literature by providing a nuanced understanding within the context of radiology education. They 

suggest that the development of effective nuclear medicine training programs must be informed 

by an understanding of which specific knowledge components are most influential in shaping 

a student's confidence and competence in clinical settings. This contributes to the broader 

theoretical framework of medical education, specifically in the domain of specialized imaging 

modalities, by demonstrating how theoretical learning directly translates into perceived 

practical efficacy. This empirical validation is crucial for advancing the discourse on 

competency-based education, offering a data-driven approach to curriculum design and 

evaluation in nuclear medicine and radiology. 

The practical implications of this study are multifaceted and directly address the needs 

of stakeholders involved in radiology education and practice. Based on our findings, several 

actionable recommendations can be formulated: 

a. Curriculum Enhancement: Educational institutions should review and potentially 

revise their radiology curricula to strengthen the emphasis on fundamental nuclear 

medicine concepts, particularly radiopharmaceutical kinetics and diagnostic 

interpretation. This could involve allocating more lecture hours, incorporating 

interactive learning modules, or developing specialized tutorials focused on these 

critical areas. 

b. Bridging Theory and Practice: To foster greater clinical readiness, institutions 

should actively facilitate opportunities for students to engage with nuclear medicine 

practice. This includes encouraging participation in clinical rotations, facilitating 

observation sessions in nuclear medicine departments, and potentially integrating 

simulation-based training that mimics real-world scenarios. Such experiences, 

when coupled with strong theoretical underpinnings, have a demonstrably 

synergistic effect on preparedness. 

c. Knowledge Assessment Alignment: The findings suggest that the assessment of 

nuclear medicine knowledge should not solely focus on recall but also on the 

application of principles to clinical scenarios. Developing assessment tools that 

evaluate a student's ability to apply knowledge in diagnostic interpretation and 
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understand radiopharmaceutical behavior would provide a more accurate measure 

of their readiness for clinical practice. 

Looking ahead, this research opens up several promising avenues for future 

investigation. Firstly, a longitudinal study tracking radiology students from their foundational 

nuclear medicine courses through their residency and early career would provide invaluable 

insights into how initial knowledge levels and early clinical experiences influence long-term 

competence and career progression in nuclear medicine. Such a study could employ mixed-

methods approaches, combining quantitative assessments of knowledge and performance with 

qualitative interviews to capture the nuances of learning and skill development. 

Secondly, exploring the impact of different pedagogical approaches on the acquisition 

of critical nuclear medicine knowledge (e.g., problem-based learning, case-based learning, 

flipped classrooms) would be highly beneficial. Investigating which teaching methodologies 

are most effective in enhancing understanding of radiopharmaceutical kinetics and diagnostic 

interpretation could lead to the development of more efficient and impactful educational 

strategies. This could involve comparative studies where different cohorts of students are 

exposed to varied teaching methods, with knowledge and readiness levels meticulously 

assessed. 

Thirdly, further research could delve into the specific challenges or barriers that 

radiology students encounter in acquiring and applying nuclear medicine 

knowledge. Identifying these obstacles, whether they are related to curriculum design, access 

to resources, or student learning styles, would enable the development of targeted interventions 

to improve learning outcomes and enhance clinical readiness. Qualitative research methods, 

such as focus groups or in-depth interviews with students and educators, would be particularly 

well-suited for this purpose. 

In conclusion, this study unequivocally demonstrates that a strong foundation in basic 

nuclear medicine knowledge is a critical determinant of clinical practice readiness among 

radiology students. By empirically validating this relationship and highlighting the paramount 

importance of specific knowledge domains like radiopharmaceutical kinetics and diagnostic 

interpretation, our research offers valuable theoretical and practical insights for educators and 

institutions. The findings advocate for a curriculum that not only imparts theoretical knowledge 

but also actively integrates it with practical exposure, thereby cultivating a generation of 

https://sinta.kemdikbud.go.id/journals/profile/12887
https://ejournal.steitholabulilmi.ac.id/index.php/metadata


P a g e  | 403  

 

 

JURNAL ILMIAH METADATA, ISSN :2723 -7737, Vol. 4 No. 3 

Edition September 2022, Published : 07-09-2022, Page 382-404 

DOI: 10.47652/metadata.v4i3.804 

 

 Metadata is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License (CC BY-NC 4.0). 

radiology professionals who are confident, competent, and well-prepared to excel in the 

evolving landscape of medical imaging. This work thus contributes significantly to the ongoing 

pursuit of excellence in radiological education, ultimately benefiting patient care through a 

more adequately trained workforce. 
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