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Application of Bloom’s taxonomy to formative assessment 
in real-time online classes in Korea
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Purpose: This study aims to design that using formative assessment as an instructional strategy in real-time online classes, and 
to explore the application of Bloom’s taxonomy in the development of formative assessment items.
Methods: We designed the instruction using formative assessment in real-time online classes, developed the items of formative 
assessment, analyzed the items statistically, and investigated students' perceptions of formative assessment through a survey.
Results: It is designed to consist of 2–3 learning outcomes per hour of class and to conduct the formative assessment with 1–2 
items after the lecture for each learning outcome. Formative assessment was 31 times in the physiology classes (total 48 hours) 
of three basic medicine integrated. There were nine “knowledge” items, 40 “comprehension” items, and 55 “application” items. 
There were 33 items (31.7%) with a correct rate of 80% or higher, which the instructor thought was appropriate. As a result of 
the survey on students’ perceptions of formative assessment, they answered that it was able to concentrate on the class and that 
it was helpful in achieving learning outcomes.
Conclusion: The students focused during class because they had to take formative assessment immediately after the learning 
outcome lecture. “Integration of lesson and assessments” was maximized by solving the assessment items as well as through the 
instructor’s immediate explanation of answers. Through formative assessment, the students were able to utilize metacognition by 
learning what content they understood or did not understand. Items that consider Bloom’s taxonomy allow students to remember, 
understand, and apply to clinical contexts.
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Introduction

In the spring of 2020, most medical school classes 

switched from face-to-face classes to online classes in 

Korea due to the coronavirus disease 2019 (COVID-19) 

pandemic. Within a short period of time, it has become 

an era of full-scale online classes and professors either 

have real-time online classes through online-conference 

platforms such as Zoom or Google Meet, or make a video 

for the class and distribute it to the students.

Real-time online classes have the advantage of being 

of enabling interaction between professor and students; 

however, some teachers complained that it was difficult 

to check if students were participating in the class or 

understanding the content as students would either turn 

http://crossmark.crossref.org/dialog/?doi=10.3946/kjme.2021.199&domain=pdf&date_stamp=2021-09-01


Seung-Joo Na, et al : Formative assessment of real-time online classes

 

192 Korean J Med Educ 2021 Sep; 33(3): 191-201.

off their cameras or the small frames made it hard for 

them to see the students’ facial expressions or gestures 

clearly. Serhan [1] in 2020 found that 48.4% of the 

students displayed a negative attitude toward Zoom 

classes compared to face-to-face lectures, while 61.3% 

of the students answered Zoom classes did not help 

improve their learning. It is especially necessary to focus 

on the negative answers regarding Zoom classes, such as 

“difficulty focusing on the lecture”, “dissatisfaction over 

the quality of interaction and feedback”, and “poor class 

quality” [1]. Against this background, Bao [2] in 2020 

proposed the following five high-impact teaching 

practice principles to increase the quality of online 

learning: (1) maintain appropriate relevance between the 

amount, level, and length of class content and students’ 

level; (2) control the pace of classes while effectively 

delivering content; (3) provide sufficient support 

through timely feedback, including e-mail guidance, 

from professors and teaching assistants to students after 

class; (4) heighten the level and depth of student 

participation during class; and (5) prepare a contingency 

plan to deal with unexpected problems that may occur on 

the online education platform. Thus, it has been 

confirmed through studies of Serhan [1] and Bao [2] that 

the sudden online classes due to the COVID-19 

pandemic require a strengthening of design, operation, 

and students’ feedback of the classes, in addition to the 

various efforts to improve the quality of learning.

Recent assessment trends have moved past the 

summative assessment where the students’ achieve-

ments were checked to emphasize the importance of 

formative assessments, where the assessment itself is 

used for learning and applied in learning. Formative 

assessment refers to an assessment to give feedback to 

students while teaching and learning is in progress and 

to improve the curriculum and teaching methods. Black 

and Wiliam [3] in 1998 regarded all feedback activities 

partaken by the teacher or students during class for the 

improvement of teaching and learning as formative 

assessment, and claimed that “assessment for learning” 

should be emphasized because formative assessments 

have a significant impact on student achievement. 

Formative assessment is emphasized and is being 

implemented and conducted in many classes and 

subjects. Many studies are also being conducted on the 

theories, effects, and method of formative assessment 

[3-9]. However, not many studies have been conducted 

on the “items” used in the formative assessment, and 

there exist studies that used the cognitive domain of 

Bloom’s taxonomy (BT) [9] and applied cognitive 

diagnostic models [10,11]. Kim et al. [12] in 2017 argued 

that when developing formative assessment items, all 

important elements of the learning unit and each stage of 

taxonomy of educational objectives should be included. 

In addition, in formative assessment, items of difficulty 

equivalent to the minimum criterion should be presented 

to ascertain whether a student has achieved or not [12]. 

However, there are insufficient studies on this matter.

Based on literature review of Bao [2] and Kim et al. 

[12], this study aims to exploring that (1) using formative 

assessment as instruction strategy to increase student’s 

participation and to enhance understanding of contents 

in real-time online classes, (2) to achieve the goal of 

improving student learning and improving classes, which 

are the main functions of formative assessment, BT is 

applied to item development and its implications are 

considered.

Methods

1. Research design

This is the study that developed the items of formative 
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Fig. 1. Class Design

assessment, analyzed the items statistically, and in-

vestigated students’ perceptions of formative assessment 

through the survey.

2. Design for online classes

The Function of Human Body (FHB), Basic Science of 

Circulatory and Respiratory System (BSCRS), and Basic 

Science of Urinary and Reproductive System (BSURS) 

subjects for first-year students at the CHA University 

School of Medicine are integrated subjects comprising 

histology, physiology, internal medicine, and emergency 

medicine classes. One physiology professor taught all 

three subjects to 43 registered students. In 2020, all 

classes were conducted online in real-time through 

Zoom because of the COVID-19 pandemic.

In order to increase the quality of online learning, Bao 

[2] in 2020 proposed to adjust the level and length of 

lessons appropriately, and to adjust the speed of lessons 

in consideration of the level of students and the contents 

of the lessons. Accordingly, the contents of the existing 

learning outcomes were adjusted to 2–3 per hour, and 

this allowed time to participate in online formative 

assessment and to enhance student participation and the 

interaction between the professors and students, the class 

was designed by including a formative assessment on 

related content, which was presented as the learning 

outcomes, as illustrated in Fig. 1.

Students took 10–15-minute real-time lectures per 

learning outcome through Zoom, and then solved 1–2 

formative assessment items on the relevant learning 

outcome after class through Google Classroom. The 

professor could instantly check the results after the 

completion of the assessment and explain the correct 

answers for all the questions. The formative assessment 

score was not reflected in their grades.

3. Development of formative assessment items

Kim et al. [12] in 2017 said that taxonomy of 

educational objectives is important when developing 

formative assessment items. In Korea, primary and 

secondary school teachers use taxonomy of educational 

objectives when developing test or exam items, and 

taxonomy of educational objectives is composed of a 

two-dimensional matrix of assessment contents and 

behavioral elements [13-15]. The sub-elements of the 

behavioral elements may be different for each teacher, 

but the most used is the cognitive sub-behavioral 

elements of Bloom’s cognitive domain [12]. BT (1956)1) 

consisted of six major categories [16]: knowledge, 

comprehension, application, analysis, synthesis, and 

evaluation, and each category has a hierarchical 

structure in cognitive domain. The lowest level of 

1) Bloom’s taxonomy was revised in 2001, divided the existing cognitive domains into cognitive domains and knowledge domains. In addition, the 

cognitive domain was modified into “remember”, “understand”, “apply”, “analyze”, “evaluate”, and “create” [16].
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“knowledge” and the highest level of “evaluation” are 

required for cognitive abilities. In this study, only 

“knowledge, comprehension, and application” among BT 

were applied in the behavioral elements. Because there 

was a study that pointed out that teachers had difficulty 

distinguishing between knowledge–comprehension, 

application–analysis, and analysis–synthesis, behavioral 

element beyond “application” were excluded [13]. And we 

also thought that the higher-level “analysis, synthesis, 

and evaluation” require student’s time to internalize the 

content of the lesson into their own learning.

When developing the items, each item was developed 

with the content element as a learning outcome and the 

behavior element as “knowledge, comprehension, and 

application” were matched, and all items were developed 

as multiple-choice items. Application items that used 

physiology knowledge in clinical context were presented 

as formative assessment items; it was designed so that 

the students learned how basic medical knowledge could 

be applied in clinical context by solving these items.

4. Data collection

All correct answers for each item were collected for 

the matching the categories of BT of cognitive domain 

used in the formative assessment for FHB, BSCRS, and 

BSURS subjects in 2020 to calculate the difficulty based 

on the classical test theory.

After completing the semester, students’ opinions on 

the class and formative assessments were collected 

through the survey developed by us. The survey was 

anonymous and the students’ free response was guar-

anteed. The survey consisted of 5-point Likert scale 

questions, multiple-choice questions, and open-ended 

questions that they could answer freely. This study 

analyzed only the response data about formative 

assessment.

5. Data analysis

The number of formative assessments carried out in 

each physiological class during the three subjects, the 

frequency of items and analysis of the item difficulty by 

the categories of BT. For student responses to the 

questions related to formative assessment in the survey, 

descriptive statistics and frequency analysis were con-

ducted using JAMOVI ver. 1.6.15 (JAMOVI, Sydney, 

Australia; https://www.jamovi.org), and the answers to 

the open-ended questions were summarized accordingly.

6. Ethical considerations

While this study collected formative assessment data 

from the results of the previous year’s class operation 

and survey data for the improvement of classes, it did 

not collect personal identification data of the study 

subjects. Thus, the institutional review board approved 

this study to be exempt from deliberation (1044308- 

202105-HR-032-01).

Results

1. The results of the online classes and 

formative assessments

Table 1 presents the number of classes, number of 

formative assessments, and number of formative 

assessment items per categories of BT for the FHB, 

BSCRS, and BSURS subjects taken by first-year students 

in 2020. Each subject gave students 2–4 formative 

assessment items after each class, which were distin-

guished into “knowledge, comprehension, and appli-

cation” items. The instructor maintained 45%–55% 

inclusion rate for “application” items, so that the basic 

medical knowledge learned in class have been used in 
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Table 1. Results of Online Classes and Formative Assessments

Variable FHB BSCRS BSURS
No. of classes
  Total (hr) 55 54 40
  Physiology classes (hr) 24 16 8
Formative assessment
  No. of assessments 14 12 5
  Total no. of questions 46 47 11
Questions per cognitive domain
  Knowledge 3 5 1
  Comprehension 18 17 5
  Application 25 25 5
Items above 80% of answer
  Knowledge 3 2 0
  Comprehension 12 2 0
  Application 12 2 0

FHB: Function of Human Body, BSCRS: Basic Science of Circulatory and Respiratory System, BSURS: Basic Science of Urinary and Reproductive 
System.

Fig. 2. Difficulty Level of the Formative Assessment Question per Subject

(A)

           

(B)

(C)

clinical context through formative assessment items.

2. The analysis results for the item difficulty

As mentioned earlier, in formative assessment, items 

of difficulty equivalent to the minimum criterion should 

be presented to ascertain whether a student has achieved 

or not. The instructor expected 80% of the correct 

answer rate to take each item. However, some 

Application items were thought to be difficult for 

students, but they were included in the formative 
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Table 2. Students’ Perception on Formative Assessments

Item Mean±SD
Formative assessment helped me focus in class. 4.31±0.55
Formative assessment helped me understand the class content. 4.50±0.51
Formative assessment helped me achieve learning outcome. 4.38±0.64
Formative assessment helped me deeply understand and apply the class content. 4.15±0.54

SD: Standard deviation.

assessment as they thought they were necessary for 

learning.

The item difficulty (the higher the number, the easier 

the item) of formative assessment items of FHB, BSCRS, 

and BSURS subjects was analyzed with the classical test 

theory. The results are presented in Fig. 2. The average 

difficulty was 0.70 for FHB, 0.64 for BSCRS, and 0.55 

for BSURS. Students were able to easily solve 

“knowledge” items; however, it was found that the higher 

the level of cognitive abilities required to solve an item, 

the lower the average difficulty of that item was. 

Application items are considered to be of difficulty 

because students are required to use their application 

cognitive ability based on their full understanding of the 

content learned.

Table 1 shows the number of items with a correct 

answer rate of 80% or higher. FHB, BSCRS, and BSURS 

were 58.7%, 12.8%, and 0%, respectively. FHB had the 

most items with a correct rate of 80% or more, and 

BSURS had none. The difference between the 

instructor’s prediction and the actual item difficulty is 

large, so it seems necessary to adjust the item difficulty 

later. However, the results of the item difficulty analysis 

by the classical test theory may have different values due 

to the influence of the learner group, so this should be 

considered when interpreting. That is, even with the 

same item, the difficulty of the item is calculated to be 

high in the group of excellent learners, while a low value 

is derived for the group of learners with low achieve-

ment.

3. Students’ perception on formative assess-

ment

Of the total 43 students, 26 answered the survey for 

class improvement, 14 were male (53.8%), and 12 were 

female (46.2%). Their answers to the 5-point Likert scale 

question to evaluate whether formative assessments 

helped their learning are presented in Table 2. According 

to the students, the formative assessment helped them 

focus on class, understand the learning content, and 

achieve learning outcomes. In addition, by solving the 

“application” items and listening to the professor’s 

explanation of the correct answer, they were able to 

apply basic medicine to clinical context. No student 

answered 1 (not at all) or 2 (not really) to all four 

questions.

In detail, students’ opinion on how the formative 

assessment helped their learning; whether the formative 

assessment items for each category of BT helped their 

learning; the experience of taking a formative as-

sessment after each learning outcome; and open-ended 

questions are presented in Table 3. Most students 

answered that they learned what content was most 

important through formative assessment. It was indicated 

that “comprehension” items helped the most in helping 

them understand the class content and the “application” 

items helped the most in achieving learning outcomes. 

As for the adequate timing of formative assessments, 

most students answered that it would be best to conduct 

formative assessments once at the end of each class. This 
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Table 3. Students’ Opinion on How Formative Assessments Facilitated Learning

Item %
1. What are the reasons that the formative assessment helped your understanding of class content and achievement 

of learning outcomes? (Multiple answers possible)
I learned what the important content was. 53.8
Important content was repeated. 35.5
I found out what I knew and what I did not. 35.5
I could make the class content my own during class time. 26.9
It motivated my learning, and I was able to concentrate in class. 23.1

2. Which formative assessment question type helped you understand the class content the most?
Questions concerning the acquisition of knowledge 11.5
Questions concerning my comprehension of the content 61.5
Questions concerning the application in clinical situations or real life 26.9

4. Which formative assessment question type helped you achieve learning outcomes the most?
Questions concerning the acquisition of knowledge  7.7
Questions concerning my comprehension of the content 42.3
Questions concerning the application in clinical situations or real life 50.0

5. When is the adequate time for formative assessments to be effective for online classes?
During class, right after the explanation of relevant content 20.0
Towards the end of the class 44.0
Right after the class ends  8.0
Any time within the day the class was held 28.0

6. Other opinions regarding formative assessments
A formative assessment after the learning outcome lecture was appropriate.
The number of questions should be increased as it greatly helps students understand the content and apply the 

content in clinical situations.
By solving the questions, I can check if I understood the content correctly.
Some clinical situation application questions were too difficult to solve with just the content learned during class.
The professor’s explanation of the correct answers greatly helped learning, and solving one problem had the same 

effect as solving multiple problems.

seems to reflect their burden toward the fact that they 

experience an assessment once or twice every class. 

Other opinions included the increase in the number of 

items and a modification of the difficulty.

Discussion

Online classes have become common in educational 

institutions around the world due to the COVID-19 

pandemic. Agarwal and Kaushik [17] in 2020 proposed in 

their research that most of the learners of online classes 

using Zoom will be a part of medical education and 

believed online classes will be a part of the post- 

graduation curriculum even after the end of the 

COVID-19 pandemic. Due to such changes in teaching 

methods and the learning environment, many schools 

and professors are seeking ways to design effective 

online classes and increase student participation.

Against this background, we would like to propose the 

utilization of formative assessments to increase the 

students’ concentration during online classes, to allow 

instructors to immediately check how much the students 

understood the learning content, and to allow interaction 

between instructors and students. This study presented 1–
2 formative assessment items after one learning outcome 

lecture to utilize formative assessments as an online 

instruction strategy. And when developing the items, 
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“knowledge, comprehension, and application”—the 

categories of BT were matched to each item. The results 

are as follows:

First, the students focused during class because they 

had to take formative assessment immediately after the 

learning outcome lecture, thus being able to utilize the 

knowledge acquired during the class. Second, instructor 

was able to immediately check the students’ answers in 

Google Classroom, thus being able to provide instant 

feedback. In addition, instructor was able to immediately 

improve his classes, because he could assess the students’ 

situation of understanding. Third, “integration of lesson 

and assessments” was maximized by solving the 

assessment items as well as through the instructor’s 

immediate explanation of answers. Students were able to 

learn through the problem-solving process. This also 

means that the learning in the existing class unit was 

further subdivided into the learning outcome unit as the 

learning process through the lecturer’s class delivery- 

formation assessment-explanation of correct and in-

correct answers and distractors for each learning 

outcome. Fourth, through formative assessment, the 

students were able to utilize metacognition by learning 

what content was important and what content they 

understood or did not understand. Fifth, the formative 

assessment items of diverse level of cognitive abilities 

allowed students to understand the content of the class 

and apply it to clinical context. Application items 

themselves became an example of how the knowledge 

learned was applied; with this, just solving the question 

became key learning content.

This study is about the timing of formative assessment 

during class, and the content of item development. 

Through this study, we would like to consider the 

method of formative assessment, the cognitive level to 

be measured during item development and appropriate 

difficulty, and the effect of formative assessment 

perceived by students.

First, although formative assessment was not included 

in grades, it was found that students were stressed just by 

being frequently exposed to assessment situations. 

Studies on formative assessment through online plat-

forms or mobile apps like Kahoot! existed before the 

COVID-19 outbreak [4-6]. In these pre-studies, several 

methods were suggested so that students could have fun 

and be interested in participating in assessment. Using a 

mobile app, students can be entertained like a game, or 

they can reward a student who answers more or faster 

than other students. It is beyond the assessment of the 

student’s understanding of the lesson, and it is seen that 

evaluation itself becomes a part of learning, that is, 

lecture and evaluation are integrated.

Second, the feedback provided after formative 

evaluation enables students’ self-reflection and self- 

assessment, and through this, “assessment as learning” 

was possible. The three most common answers by 

students about why formative assessment helped their 

learning were as follows: (1) I learned what the 

important content was. (2) Important content was 

repeated. (3) I found out what I knew and what I did not. 

Of these, “(3) I found out what I knew and what I did 

not” is a response related to students’ metacognition, and 

students acquire metacognition by self-reflection and 

self-assessment through commentary and feedback on 

the items.

Earl [18] in 2013 has presented “assessment of 

learning”, “assessment for learning”, and “assessment as 

learning” as the paradigms of student assessment. 

According to Earl [18], “assessment as learning” is a 

subset of assessment for learning, emphasizing the role 

of the students. Learning is the process of combining 

new knowledge with the structure of the student’s 

existing knowledge. What is important in this process is 

the student’s own role. In other words, it is important for 
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students to think about what they knew, what new 

knowledge is, and how to internalize it by organizing it 

with existing knowledge. Assessment helps with this. 

Earl [18] stated that “assessment as learning” must be 

most widely used, where students become the subjects of 

assessment and they check and adjust their own 

knowledge for further learning. Then, “assessment for 

learning” must be used, to enable instructor obtain 

information for their instructional judgement in teaching 

situations and provide effective feedback to students. 

What these two assessment paradigms have in common is 

that assessment is done to support learning rather than 

to provide information about the results, and that 

formative assessment as an assessment method is 

preferred [19].

Third, items that can maximize the function of 

formative assessment should be developed. According to 

Seong [10] in 2018, the general characteristics of test 

tools for formative assessment are as follows: (1) It is 

conducted by teachers, but recently learners can also 

participate in test production. (2) It has the char-

acteristics of a criterion-referenced test because it aims 

to analyze how much students understand the contents of 

teaching-learning. (3) As it has the purpose of 

criterion-referenced, the difficulty of the test tool 

should be composed of items that correspond to criterion 

that can distinguish success and failure of learning, 

rather than varying the difficulty of the test tool. (4) It 

should be an item that can continuously arouse learning 

motivation and interest. (5) Items must contain 

distractors that contain misconceptions that may cause 

underachievement [10].

However, although positive functions of formative 

assessment are expected, it is not easy to put a lot of 

effort into developing items compared to summative 

assessment. In this study, BT was applied when 

developing the items, and 80% of the students were 

expected to get it right. As a result of analyzing the 

actual percentage of correct answers, there was a big 

difference in the number of items that got more than 

80% correct for each subject. It is not easy to develop 

items with the difficulty of 80%, so more related 

research is needed. And, in order to accurately diagnose 

a student’s current situation of understanding of class 

content through formative assessment, it is important to 

develop distractors. If each distractor is developed based 

on cognitive factor that students can make mistakes, the 

correct diagnosis data for students can be based on 

which distractor is selected. As formative assessment is 

being emphasized, continuous research is needed to 

develop items.

This study has a limitation. As a case study on the 

design, item development, item analysis, and resulting 

student perception of formative assessment carried out in 

the real-time online physiology class in one school, 

generalizing the results was difficult. However, it is 

based on the data continuously accumulated through 48 

hours of classes taught by one professor in one semester. 

This study is significant in that it suggested the 

appropriate implementation time for formative as-

sessment in online classes, and it deals with the 

application of BT when developing formative assessment 

items.
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