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Abstract
Background An effective test mechanism to evaluate clinical knowledge and skills of the entry-level healthcare 
professionals is important for providing clinical competency and improving patient care. This study aimed to develop 
novel, innovative computer-based test (Inno-CBT) item types for application in the national examination of Korean 
healthcare professionals.

Methods This exploratory study was conducted from May 2021 to March 2022 by a team of faculty members from 
pharmacy schools in South Korea. A literature search using PubMed, Google Scholar, RISS, Web of Science, and 
KoreaMed was performed. Forum presentations, media articles, and previous reports by the Korea Health Personnel 
Licensing Examination Institute (KHPLEI) were included. Workshops were held, information and ideas were collected 
and conceptualized, and item types were designed, drafted, and refined. By repeating this process, the Inno-CBT item 
types were finalized.

Results Forty-one Inno-CBT item types with 28 subtypes were developed. New digital technologies, such as a 
reactive responsive media interface, an animation insertion, multimedia embedding, and network surfing, were 
utilized in these novel types. It was anticipated that these Inno-CBT item types would effectively measure abilities in 
healthcare knowledge, problem-solving skills, and professional behaviors. Some potential barriers to implementing 
the Inno-CBT item types include item difficulty, operational unfamiliarity, complexity in scoring protocols, and 
network security.
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Introduction
The importance of clinical competency in early-stage 
professionals has been emphasized during the last 
decade. Effort has been made to improve the school cur-
riculum of experiential learning programs by offering 
different healthcare environments and advanced health 
technologies [1]. At the same time, an effective test 
mechanism has been requested to evaluate candidates’ 
clinical knowledge and skills to ensure their readiness for 
entering the healthcare profession.

A computer-based test (CBT) integrating informa-
tion technology (IT) has been introduced to licensure 
tests [2]. Compared to a paper-based test (PBT), a CBT 
offers several advantages, including multiple assessment 
methods, short test times, and more reliable assessment 
approaches [3, 4]. A CBT also provides longitudinal data 
from assessments, allowing trends and improvements in 
learning performance to be identified. In addition, CBT 
can easily tailor test questions based on difficulty level 
and assessment purpose [5]. Moreover, examinees can 
obtain evaluation results promptly from an automated 
scoring protocol [3–6]. Nonetheless, the currently used 
CBT item types generally have too simple structures to 
assess the precise skills and complex concepts of health 
sciences often encountered in current practice environ-
ments. The item types of the examination managed by 
the Korea Health Personnel Licensing Examination Insti-
tute (KHPLEI) are predominantly composed of mul-
tiple choice item types (MCITs) of A-type (one single 
best answer among five options). Meanwhile, new CBT 
item types have been requested by the National Council 
of State Boards of Nursing [7]; however, the item types 
newly developed are limited in diversity, and their appli-
cability has not been fully established yet.

In this study, we introduce novel, innovative CBT 
(Inno-CBT) item types, which incorporate the functions 
of the diverse user interface of computer-based technol-
ogy. This study aimed to improve the test quality and 
their usability in the national examinations for healthcare 
professionals.

Methods
Data collection and identification of CBT item types
This was an exploratory study conducted from May 
2021 to March 2022 and involved 14 faculty members 
from various pharmacy schools in South Korea. These 
researchers were specifically chosen due to their pre-
vious experience in developing test questions for the 

Korea Health Personnel Licensing Examination (KHPLE) 
and held Ph.D. degrees in fields such as basic sciences, 
applied pharmaceutical sciences, and industrial and clini-
cal pharmacy. The study received approval from the Insti-
tutional Review Board (IRB) of Ewha Womans University, 
with the IRB registration number ewha-202112-0022-03. 
Participants provided their consent by granting approval 
to participate in the study. A literature search was per-
formed to gather information on the development status 
and trends of CBT item types in various license exami-
nations through databases such as PubMed, Google 
Scholar, RISS, Web of Science, and KoreaMed. Forum 
presentations at international board committees, media 
articles, and research reports from the KHPLEI were 
also included [8–12]. Pre-existing CBT item types used 
in examinations for healthcare professions were also col-
lected. Multimedia item types were not the focus as they 
have already been used in some national examinations in 
South Korea. This study was reviewed by an expert from 
KHPLEI to improve the appropriateness of data collec-
tion and research direction.

Development process
The following procedure was used to develop Inno-CBT 
item types:

1. Preparation stage - The research team was provided 
with a presentation by KHPLEI on previous studies 
related to typical PBT and CBT item types in 
national examinations for healthcare professionals 
and a demand for the development of novel CBT 
item types. Our research team also collected pre-
existing CBT item types from the literature search 
and organized the websites of various organizations.

2. Development stage - The assignment was given 
to each researcher to create a draft of novel Inno-
CBT item types based on the referenced CBT item 
types to better suit our needs before attending a 
workshop session. The research team was divided 
into four groups, each with a team leader. At 
the first workshop, the researchers gathered and 
brainstormed ideas for new features to include in 
novel Inno-CBT item types. They were encouraged 
to share their ideas among the groups.

3. Evaluation and summarization stage - During the 
workshops, the research team discussed the usability 
and functionality of the draft Inno-CBT item types 
created by the individual researchers, as well as their 
applicability to national examinations. Usability 

Conclusions A variety of styles of novel Inno-CBT item types were developed to evaluate the multifaceted and 
in-depth professional abilities required for healthcare professionals. Prior to implementing these item types in the 
national examination, item validation and technical support should be conducted.
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refers to the ability of item developers to develop 
items and users to solve items without technical 
difficulties. Functionality refers to the extent to 
which the test items can effectively and correctly 
measure abilities requested in the exams. At the 
end of the workshops, each group summarized 

the newly developed Inno-CBT item types, 
highlighting key features, including the category of 
item types, their characteristics, the usability for 
examinees, advantages and limitations in fidelity, and 
applicability to KHPLE.

Feedback and revisions
Refinement was achieved iteratively through feedback 
and revision processes. Feedback was provided by indi-
vidual groups or the entire team during workshops. The 
applicability of the item types to the KHPLE was further 
evaluated by reviewing reports from KHPLEI [8–12], 
and the findings were applied to optimize the item types. 
Finally, the item types were named and categorized based 
on the innovative target concepts of each type (Fig. 1).

Results
Development of novel Inno-CBT item types
We collected 21 pre-existing CBT item types and 20 
newly developed Inno-CBT item types. To ensure com-
prehensive understanding, we classified these 41 CBT 
item types based on their characteristics (See Supple-
ment Table  1, which thoroughly describes the 41 item 
types identified and developed, along with examples). To 
classify the item types, we identified commonalities from 
various characteristics and organized them into a hierar-
chical structure.

At the highest level, we divided the item types into 
three classes: the ‘semantic’ class, the ‘technical’ class, 
and the ‘miscellaneous’ class. The ‘semantic’ class con-
sists of item types that reflect the types of ability being 
measured, while the ‘technical’ class is based on the skills 
characteristically used in CBT item types. Item types that 
did not belong to these two categories were classified as 
‘miscellaneous’.

Each class was further divided into a hierarchical struc-
ture of ‘category’ and ‘subcategory’, and the correspond-
ing ‘item types’ were presented in Fig.  1. The ‘semantic’ 
class includes categories such as ‘arrangement’, ‘classifi-
cation’, ‘comparison’, ‘completion’, and ‘matching’, which 
are grouped according to the type of abilities being mea-
sured. These categories were further divided into subcat-
egories that describe the implementation method of the 
items. The ‘technical’ class includes categories such as 
‘multimedia’, ‘navigation’, ‘simulation – tool’, ‘spotting on 
image’, and ‘user-responsive’, which are grouped accord-
ing to the types of technology used. These categories were 
also further subdivided into subcategories indicating the 
details of the technology. For example, the ‘matching’ 
category in the ‘semantic’ class has three subcategories: 
line matching, list matching, and table matching. The 
three CBT item types related to these subcategories were 
named ‘matching’, ‘random short-answer matching’ and 
‘matrix/grid’, respectively.

Fig. 1 Category of Inno-CBT item types
CBT item types were classified into three main classes according to their 
characteristics: the semantic (A), the technical (B), and the miscellaneous 
(C). Each class is again composed of a hierarchical structure of categories 
and subcategories, and item types corresponding to each subcategory are 
presented. (A) The semantic class is composed of ‘arrangement’, ‘classifica-
tion’, ‘comparison’, ‘completion’, and ‘matching’ categories. (B) The techni-
cal class includes ‘mutimedia’, ‘navigation’, ‘simulation – tool’, ‘spotting on 
image’, and ‘user-responsive’ categories. (C) The miscellaneous class item 
types that did not
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We found that the pre-existing CBT item types include 
simple question types such as ‘bowtie’, ‘calculation’, ‘true 
or false’ and ‘matching’, as well as more complex ques-
tion types such as ‘rich media scenario’. Generally, most 
of the pre-existing item types have been used as assisted-
learning supporting tools through a web-based program 
within a learning management system (LMS). Interest-
ingly, most of the challenging item types have rarely been 
used in national examinations. The most widely imple-
mented item type among them was the ‘multimedia’ item 
type.

Characteristics of the inno-CBT item types
The newly developed Inno-CBT item types offered vari-
ous features reflecting the transformation in the health-
care delivery system and a broad range of innovative 
environmental changes in healthcare. (Detailed descrip-
tions and examples of all item types can be found in the 
Supplementary Data). The ‘dynamic sieving’ and ‘search-
ing information’ item types have advantages in measuring 
the ability to deal with healthcare information data. The 
‘dynamic sieving’, especially, assesses the skills to identify 
and recognize the pertinency of information to resolve 
problems. The ‘searching information’ item type, which 
is similar to ‘dynamic sieving’ but requires an internet 
web surfing environment, can measure internet browsing 
skills to find information selectively by extracting unre-
quired information from target information sites.

Some item types were developed to reflect digital 
healthcare environments. For example, the ‘chat’ item 
type simulated a digital technique-driven conversation, 
like a chatbot. This item type presumably could hap-
pen between patients and healthcare professionals. The 
‘rich media’ was another novel item type that requires 
an interactive response technique. It was developed 
to evaluate the ability to cope with risks in patient care 
procedures.

Other item types were developed to assess the level 
of understanding of experimental principles, interpre-
tation of laboratory results, and treatment procedures. 
These examples were ‘action button’, ‘conditional balance’, 
‘dynamic exhibits and constructed response’, and ‘solving 
bin’.

In addition, certain item types were designed to mea-
sure the conceptual knowledge of healthcare sciences 
using simple shapes. One such item type, ‘balance’, was 
specifically designed to measure the ability to compre-
hend the concept of benefit and risk, prioritize deci-
sion-making processes, evaluate potency equivalency, 
and assess cost-effectiveness. The ‘mosaic’ item type 
was developed to assess the ability to find a key puzzle 
piece to complete the whole picture, such as identifying a 
chemical compound to complete a biochemical reaction 
cycle of a human physiological process. Moreover, this 

item type could be applied to assess the ability of examin-
ees to find a required medication or treatment as a step-
by-step process following treatment algorithms. The item 
types of ‘bowtie’, ‘funnel’, and ‘venn diagram’ were devel-
oped to evaluate the problem-solving abilities in deter-
mining related components of before and after, cause and 
outcome, and hierarchical structures by recognizing con-
ceptual diagrams. These item types can help assess the 
ability to analyze complex situations and understand the 
relationships between different elements in a system.

In addition, a variety of option styles were introduced 
in Inno-CBT item types, such as ‘drop-down (cloze)’, 
‘drag and drop’, ‘drag and click’, and ‘drag out and drag in’. 
These different option styles can add diversity and inter-
activity to the exam, as well as assess different cognitive 
skills such as attention to detail and spatial reasoning.

Discussion
The goals of national license examinations are to test 
the core knowledge, skills, and behaviors of profession-
als new to their practice in South Korea. Those practices 
were included in different ways, like readiness for safe 
practice, managing uncertainty, and delivering person-
centered care. Thus, the examinations should be up to 
date to make sure they reflect real-life, day-to-day medi-
cal practices. In that sense, novel item types are needed, 
and examinations should be applied with any perspective 
of test developers’ intention to measure the capability of 
the test takers. Such item types are useful when assess-
ing complex competencies, such as clinical practice, 
MCQs are limited in the amount of information obtained 
about an examinee’s understanding of some phenomena. 
In addition, MCQs are not realistic portrayals of activi-
ties that occur in practice, so novel item types may bet-
ter assess the myriad of actual activities that occur in 
practice.

We developed 41 Inno-CBT item types and incorpo-
rated novel and innovative tools that can assess the skill-
sets and knowledge readiness of entry-level healthcare 
professionals. Key development procedures included 
identifying needs for new item types, creating and adopt-
ing innovative features, designing prototypes, refining 
and revising, and defining item types [13, 14].

Healthcare has been going through major digital 
transformations due to the extensive amount of infor-
mation and social communication media technologies 
[15]. Using mobile healthcare apps, electronic health 
records (EHRs), and professional organization websites 
has become a daily routine practice. Under the circum-
stances, action to utilize and sort out required informa-
tion for problem solving is frequently tentative in nature; 
however, healthcare professionals should cultivate the 
ability to discern and select core information confidently.



Page 5 of 7Chun et al. BMC Medical Education          (2023) 23:560 

Our main goal was to develop item types reflecting 
recent changes in healthcare practices, where delivery 
methods such as multiple-choice questions (MCQs) were 
unsuitable, and ultimately implement new item types 
to the KHPLE. Thus, the item types of ‘dynamic siev-
ing’ and ‘searching information’ were prioritized by our 
research team to be employed in the KHPLE. Moreover, 
the item type of ‘chat’ was also recommended due to its 
high applicability in assessing virtual communication 
ability in the era of digital transformation of the health-
care environment. Sharing opinions and making conver-
sation using texting tools have been widely used since 
they are quick and simple. Furthermore, the effectiveness 
has been emphasized, especially due to social distancing 
from the recent pandemic [16] and the public demand for 
remote care for isolated individuals living alone [17]. This 
was consistent with the study by de Oliveira et al. (2021), 
in which text messages were useful tools to support peo-
ple with suspected COVID-19 who experienced home 
isolation [17].

Previously, the ‘multimedia’ item type had been applied 
in the KHPLE [12] and other countries [18, 19]. The fidel-
ity of the examination was improving by incorporating 
images, sounds, animations, and video clips. The item 
types with high fidelity were also considered with an 
item type of ‘hot spot’ over a simple ‘click’ because of the 
presence of ‘distractors’ in a ‘hot spot’ item. For example, 
examinees are tasked with selecting the exact location of 
an arthritic lesion on a knee x-ray screen, while a com-
puter screen senses examinees’ cursor locations at every 
part of the image.

There were some item types that could be considered 
for the national examinations. A ‘machine-operated’ item 
type required an operational skill-reproducing technol-
ogy. Despite the technological support needed, this item 
type directly assessed hands-on skills (e.g., manipulating 
a calculator, an electrocardiogram monitoring device, 
and a defibrillator).

In addition, the item types of ‘flow chart’, ‘grid/matrix’, 
and ‘ranking/ordering’ were also identified for potential 
in the national examinations to measure knowledge of 
sequencing orders or prioritizing medical procedures. 
The ‘bowtie’ and ‘matrix’ could be used similarly to 
assess problem-solving. However, these item types may 
require scoring protocols for partial or weighted points, 
and controlling difficulty level depends on the number 
of multiple correct answers. Item types of ‘abstract for-
mats’ and ‘order set’ had advantages for measuring com-
prehensiveness in clinical reasoning. For example, ‘order 
set’ evaluated the ability to solve procedural sequences, 
which is a crucial skill for health professionals, but these 
types of items had low priority to be implemented due to 
time constriction allocated for a question in the national 
examination.

Type A option items (MCQs) have been the most com-
mon item type in the national examinations in South 
Korea. In this study, we proposed different option styles, 
like ‘drag and drop’, ‘drag in and drag out’, ‘drop-down 
(cloze)’, and ‘marking’, as well as a simple ‘click’ option. 
These styles would prevent from scoring a lucky guess.

Furthermore, add-on features of ‘combination’ and 
‘extended’ item types provided freedom in expansion and 
increased applicability of existing item types. A ‘combi-
nation’ item type was constructed with the combination 
of two or more item types, and an ‘extended’ item type 
was the item type allowing a case scenario in the stem 
(question part of an item). For example, the ‘extended 
rich media’ item type consisted of a ‘rich media’ contain-
ing a case script, and a ‘combination rich media sound’ 
included the features of a ‘rich media’ and a sound file of 
a ‘multimedia’ item type. Moreover, because the various 
types of the stem could be mixed and matched with dif-
ferent styles of options (a listing of answers to be chosen) 
in many ways, Inno-CBT item types could provide addi-
tional item types with high flexibility to be fitted to the 
purpose of test questions.

Barriers
Difficulty level and testing time
The shift to Inno-CBT item types from PBT and tradi-
tional CBT item types could increase the difficulty for 
users due to content complexity and unfamiliar user 
technology of computer operation [20]. The content 
complexity could result from the item types, includ-
ing lengthy cases, a series of sub-questions, more than 
one correct answer, and a calculation tool installation to 
solve questions. In addition, examinees might complain 
of being fatigued with spending extra time to solve test 
questions because they may face different kinds of item 
types. It is necessary to control item difficulty, discrimi-
nation, and discernment when applying Inno-CBT to a 
test question.

Scoring system
Scoring protocols of currently available CBT items use 
a conventional number right scoring method. Cor-
rect answers are scored with a positive value, incorrect 
answers and absent or omitted answers with a value of 
zero based on the type A MCQs in South Korea. A major 
concern of the scoring protocol was that students could 
answer correctly through guessing. Inno-CBT item types 
may reduce the chance of guessing the correct answer; 
however, the concerns about adopting a fair scoring sys-
tem with a variety of item types still remain. Importantly, 
scoring rubrics and protocols of Inno-CBT item types 
should be developed considering different types, diffi-
culty levels, and the number of correct answers for each 
item type. Automatic score marking protocols also need 
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to be prepared for immediate test results after scoring as 
all or none, partial, or different weighted scoring, which 
was mentioned with similar perspectives by the National 
Council Licensure Examination for Registered Nurses in 
the US [21].

Implementation technology
We found that the infrastructures of technical support 
to implement new item types were very lacking. For 
example, ‘chat’ requires the technology of showing an 
input text followed by an output response in alternating 
manners; ‘hotspot’ requires a recognition technique of 
a cursor pointing to a location on the computer screen; 
‘searching information’ requires accessibility and retrieval 
credentials to data servers while maintaining a high level 
of information security to avoid any fraudulent events; 
and ‘rich media’ and ‘simulation’ require IT support to 
operate a broad range of digital interactive media within a 
scenario. Several commercial solutions were found, such 
as an LMS for primary and secondary education [22, 23], 
but not for healthcare professional examinations.

Future suggestions
For a smooth implementation of Inno-CBT item types, 
the reliability and suitability of each item type need to 
be validated, and quality assurance should be continued. 
The prioritization of a gradual implementation of item 
types to national examinations should be considered. 
Moreover, education sessions for the item writers need 
to be provided to introduce structures, characterizations, 
and the targeted ability to assess individual item types. In 
addition, a computer platform enabling the item writers 
to experience the building demo items would be essen-
tial. Moreover, a handbook for how to prepare Inno-CBT 
tests and tutorial websites to practice maneuvering tech-
niques are needed to be provided to test takers.

The investment in building up a sustainable item devel-
opment system and system management companies is 
an imminent issue. Further, securing the confidentiality 
of items and internet safety during examinations should 
be guaranteed. In addition, server capacity to manage the 
heavy connection traffic during a test should be reserved. 
A pilot study is warranted to apply the Inno-CBT item 
types in the near future. Such a study would evaluate the 
feasibility of the Inno-CBT item types by managing the 
difficulty of the test, scoring system, and test security.

Some limitations are present in the study. Qualitative 
analysis was not employed during the evaluation and 
summarization stage, but the research team dedicated 
considerable effort to engage in comprehensive dis-
cussions and reviews to evaluate the newly developed 
item types. Another limitation would be the study only 
included the faculty members of pharmacy schools. 
Nonetheless, the development process involved a 

collaborative effort among internal and external experts 
specializing in the field of from various healthcare pro-
fessionals, including the faculty of medicine.

Conclusions
We developed novel Inno-CBT item types for assess-
ments in national licensure examinations. These Inno-
CBT item types can contribute to measuring the 
competencies and capabilities of entry-level healthcare 
professionals in a multifaceted and in-depth manner. 
It should be noted that sufficient validity and reliability 
should be established prior to implementing the item 
types in the national examinations.

Abbreviations
CBT  Computer-based test
EMR  Electronic medical record
HER  Electronic health record
ICT  Information and communication technology
Inno-CBT  Innovative computer-based test
IT  Information technology
KHPLE  Korea Health Personnel Licensing Examination
KHPLEI  Korea Health Personnel Licensing Examination Institute
LMS  Learning management supportive system
MCIT  Multiple choices item type
PBT  Paper-based test

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12909-023-04444-5.

Supplementary Material 1

Acknowledgements
We thank NPTech for support in commenting on the feasibility of transferring 
Inno-CBT item types to computer management systems.

Author contributions
Conceptualization: JHY, SJR, YSL. Methodology/formal analysis/validation: 
MGK, KHC, KHC, EK, HK, JKK, GK, KK, JYL, JHY, EKC, YSL, SJR. Investigation: KHC, 
KHC, EK, KK, JYL. Resources: MGK, KHC, KHC, EK, HK, JKK, GK, KK, JYL, JHY, YSL, 
SJR. Writing—original draft: SJR, HKJ. Writing—review & editing: SJR, KHC, YSL, 
HKJ. Visualization: SJR, HKJ. Supervision: JHY, YSL, SJR. Project administration: 
KK, SJR. Funding acquisition: SJR. All authors have read and agreed to the 
published version of the manuscript.

Funding
This study is supported by the Korea Health Personnel Licensing Examination 
Institute (Fund Ref ID: RE02-2203-02) research fund (2021). This study was also 
supported by a National Research Foundation of Korea (NRF) grant funded by 
the Korean Government Ministry of Science and ICT (2020R1A2C1009224).

Data availability
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Review Board (IRB) of Ewha 
Womans University (ewha-202112-0022-03), and the informed consent for 
participation was waived by the IRB of Ewha Womans University (risk level 
1, 2021 − 0321). All methods were carried out in accordance with relevant 
guidelines and regulations.

https://doi.org/10.1186/s12909-023-04444-5
https://doi.org/10.1186/s12909-023-04444-5


Page 7 of 7Chun et al. BMC Medical Education          (2023) 23:560 

Consent for publication
Not applicable.

Competing interest
The authors declare that they have no competing interests.

Author details
1Gachon Institute of Pharmaceutical Sciences, College of Pharmacy, 
Gachon University, Incheon, South Korea
2College of Pharmacy, Dongguk University-Seoul, Goyang, South Korea
3College of Pharmacy, Pusan National University, Busan, South Korea
4College of Pharmacy and Graduate School of Pharmaceutical Sciences, 
Ewha Womans University, Seoul, South Korea
5College of Pharmacy, Gachon University, Incheon, South Korea
6Department of Health, Social and Clinical Pharmacy, College of 
Pharmacy, Chung-Ang University, Seoul, South Korea
7College of Pharmacy, Sookmyung Women’s University, Seoul, South 
Korea
8College of Pharmacy, Institute of Pharmaceutical Science and 
Technology, Hanyang University, Ansan, South Korea
9College of Pharmacy, Chonnam National University, Gwangju, South 
Korea
10College of Pharmacy, Korea University, Sejong, South Korea
11College of Pharmacy and Research Institute of Pharmaceutical Sciences, 
Seoul National University, Seoul, South Korea
12Department of Pharmacy, College of Pharmacy, Kyung Hee University, 
Seoul, South Korea
13College of Pharmacy, Keimyung University, Daegu, South Korea

Received: 30 August 2022 / Accepted: 12 June 2023

References
1. Lim WK. Dysfunctional problem-based learning curricula: resolving the 

problem. BMC Med Educ. 2012;12:89.
2. Melnick DE, Clauser BE. Computer-based testing for professional licensing 

and certification of health professionals. In: Bartram D, Hambleton R, editors. 
Computer-based testing and the internet: issues and advances. 1st ed. Hobo-
ken, NJ: John Wiley & Sons Ltd.; 2006. p.165 – 86.

3. Cantillon P, Irish B, Sales D. Using computers for assessment in medicine. Bmj-
Brit Med J. 2004;329(7466):606–9.

4. Vrabel M. Computerized versus paper-and-pencil testing methods for a nurs-
ing certification examination: a review of the literature. Cin-Comput Inf Nu. 
2004;22(2):94–8.

5. Im E-J, Lee W-K, Lee Y-C, Choe B-H, Chung S-K, Lee T-H, et al. Development of 
computer-based test (CBT) and student recognition survey on CBT. Korean J 
Med Educ. 2008;20(2):145–54.

6. Kim M, Han C-h. A Survey on the perception and satisfaction of Korean tradi-
tional medical students on computer-based test. SPKOM. 2021;25(3):57–71.

7. National Council of State Boards of Nursing (NCSBN). 2016 NCLEX-RN® 
detailed test plan - Educator version. 2016. https://www.ncsbn.org/2016_
RN_DetTestPlan_Educator.pdf. Accessed 7 Feb 2022.

8. Han C-h, Kim M, Hwangbo M, Jeong M. Computer-based test introduc-
tion plan for the national examination of korean medicine doctors and 

development and evaluation of questions in preparation. Korea Health 
Personnel Licensing Examination Institute. 2021. https://rnd.kuksiwon.or.kr/
last/selectFileDown.do?attach_id=2021041200001.

9. Huh S, Lim EY, Yim MK. Study on smart device-based test: SBT execution plan. 
Korea Health Personnel Licensing Examination Institute. 2016. https://rnd.
kuksiwon.or.kr/last/selectFileDown.do?attach_id=2016101400002.

10. Hwang K-S, Shin J, Kim N-J, Ryu J-K, Lee C-J, Lee S-K et al. A study on the 
development of multimedia questions for applying the computer-based test 
of dental technician national examination. Korea Health Personnel Licensing 
Examination Institute. 2020. https://rnd.kuksiwon.or.kr/last/selectFileDown.
do?attach_id=2021012500001.

11. Ma DS, Kim Y-J, Kim J, Park B-K, Park H-J, Shin DH et al. A study on the subject 
integration and the development of question types for the national dental 
examination. Korea Health Personnel Licensing Examination Institute. 2021. 
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2021032500001.

12. Yim MK, Seo M, Huh S. A study on the development of computer-based test 
for the Korea health personnel licensing examination. Korea Health Personnel 
Licensing Examination Institute. 2014. https://rnd.kuksiwon.or.kr/last/select-
FileDown.do?attach_id=2016082400003.

13. Parshall CG, Harmes JC. Improving the quality of innovative item types: four 
tasks for design and development. JATT. 2009;10(1):1–20.

14. Parshall CG, Harmes JC, Davey T, Pashley PJ. Innovative items for computer-
ized testing. In: van der Linden WJ, Glas CAW, editors. Elements of adaptive 
testing. New York: Springer; 2009. pp. 215–30.

15. Kraus S, Schiavone F, Pluzhnikova A, Invernizzi AC. Digital transforma-
tion in healthcare: analyzing the current state-of-research. J Bus Res. 
2021;123:557–67.

16. Campbell KJ, Blackburn BE, Erickson JA, Pelt CE, Anderson LA, Peters CL, et al. 
Evaluating the utility of using text messages to communicate with patients 
during the COVID-19 pandemic. JAAOS Glob Res Rev. 2021;5(6):e2100042.

17. de Oliveira ASS, de Sousa KMP, de Luis AdA, de Araujo EM, Felipe GF, Silvestre 
RCQ, et al. Cell phone text messages to support home isolation of suspected 
cases of COVID-19. Rev Enferm Atual In Derme. 2021;95(35):e–021136.

18. Egarter S, Mutschler A, Tekian A, Norcini J, Brass K. Medical assessment in the 
age of digitalisation. BMC Med Educ. 2020;20(1):101.

19. Wendt A, Harmes JC. Evaluating innovative items for the NCLEX, part I: usabil-
ity and pilot testing. Nurse Educ. 2009;34(2):56–9.

20. Leucht RM, Sireci SG. A review of models for computer-based testing. In: 
Research report 2011-12. College Board. 2011. https://files.eric.ed.gov/full-
text/ED562580.pdf.

21. National Council of State Boards of Nursing (NCSBN). Next Generation NCLEX: 
scoring models. 2021. https://www.ncsbn.org/NGN_Summer21_ENG.pdf. 
Accessed 7 Feb 2022.

22. Permana H, Sekataji AAD, Muliyati D. Design of computer based test with 
Moodle platform for high school physics class X. In: AIP Conference Proceed-
ings. AIP publishing. 2021;2320(020019). https://doi.org/10.1063/5.0037509.

23. Rachmadtullah R, Subandowo M, Rasmitadila, Humaira MA, Aliyyah RR, 
Samsudin A, et al. Use of blended learning with Moodle: study effective-
ness in elementary school teacher education students during the COVID-19 
pandemic. Int J Adv Sci Technol. 2020;29(7):3272–7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://www.ncsbn.org/2016_RN_DetTestPlan_Educator.pdf
https://www.ncsbn.org/2016_RN_DetTestPlan_Educator.pdf
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2021041200001
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2021041200001
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2016101400002
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2016101400002
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2021012500001
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2021012500001
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2021032500001
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2016082400003
https://rnd.kuksiwon.or.kr/last/selectFileDown.do?attach_id=2016082400003
https://files.eric.ed.gov/fulltext/ED562580.pdf
https://files.eric.ed.gov/fulltext/ED562580.pdf
https://www.ncsbn.org/NGN_Summer21_ENG.pdf
https://doi.org/10.1063/5.0037509

	Novel innovative computer-based test (Inno-CBT) item types for national licensing examinations for health care professionals
	Abstract
	Introduction
	Methods
	Data collection and identification of CBT item types
	Development process
	Feedback and revisions

	Results
	Development of novel Inno-CBT item types
	Characteristics of the inno-CBT item types

	Discussion
	Barriers
	Difficulty level and testing time
	Scoring system
	Implementation technology
	Future suggestions


	Conclusions
	References


