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Abstract—Conceptual understanding is one of the keys in 

physics. The purpose of this research was to develop an artificial 

intelligence-based system used to assist instructors in evaluating 

students’ conceptual understanding essay test results. This 

research used a method with Analysis, Design, Development, 

Implementation, and Evaluation (ADDIE) model (). The 

research subjects were lecturers and undergraduate students of 

physics education at the University of Jambi. Data collection was 

done through interviews and tests. The instruments used in this 

research were interview sheets and essay questions. The results 

of the feasibility test analysis showed that the hybrid automatic 

scoring system was overall suitable with an average score of 4.40 

(very suitable category) in the aspects of software engineering 

and visual communication. In addition, the analysis of students’ 

conceptual understanding using the Hybrid Automatic Scoring 

System showed that only 21.9% of students had good conceptual 

understanding. The remaining 40.6% of students fell into the 

partial understanding category, 9.4% fell into the specific 

misconception category, and 28.2% had poor conceptual 

understanding. These results are not very different from the 

results of the manual analysis. The manual analysis showed that 

21.9% of the students had good concept understanding, 40.6% 

had partial understanding, 12.5% had specific misconceptions, 

and 25% had poor concept understanding. These results 

indicate that the Automated Hybrid Scoring System can be used 

as an assessment tool for essay tests of conceptual understanding. 

The results of this research contribute in the form of a 

technology that can assist physics instructors in correcting, 

scoring, and providing feedback on physics test scores based on 

essay questions. 

 
Keywords—automatic scoring system, artificial intelligence, 

essay test, physics concept 

I. INTRODUCTION 

The primary goal of physics education is to improve 

conceptual understanding [1–4]. It’s about understanding 

physics concepts in depth and applying them in problem 

solving processes [5–7]. In addition, improving quantitative 

understanding of physics concepts is also a goal of physics 

education [8]. This is because comprehensive mastery of 

physics requires the ability to combine conceptual 

understanding with quantitative understanding of physics 

concepts. 

Most of the literature on conceptual understanding 

research has focused primarily on identifying conceptual 

difficulties (i.e., misconceptions, alternative conceptions, and 

naive conceptions) [9, 10]. For example, research conducted 

by Scaife and Heckler [10] investigated students’ difficulties 

in understanding the concepts of electric force and magnetic 

forces. The study by Dai et al. [11] assessed students’ 

conceptual understanding of light interference. In addition, 

research conducted by Mesic et al. [12] measured students’ 

conceptual understanding of wave optics using a modeling 

approach. 

There are three theoretical frameworks that can be used to 

assess students’ conceptual understanding, namely the theory 

of naive views, often referred to as the misconception theory, 

the theory of fragmented knowledge, often referred to as the 

resource theory, and the ontological perspective [2]. Among 

these three theories, the misconceptions theory has been more 

extensively developed and researched compared to the 

others [13, 14]. On the other hand, the resource theory is the 

least researched. 

To assess students’ conceptual understanding using these 

three theoretical frameworks, various types of test 

instruments can be used. These include multiple-choice tests, 

multiple-choice reasoning tests, two-tier tests, three-tier tests, 

four-tier tests, and essay tests. For example, a study 

conducted by Rahmawati et al. [15] aimed to collect 

information about students’ understanding of rotational 

dynamics using multiple-choice questions. Sutopo [7] 

conducted research to assess students’ understanding of 

mechanical waves using multiple-choice questions. 

Maison et al. [16] conducted a study to assess students’ 

understanding of light using a four-tier instrument. Among 

the various types of tests that can be used to assess students’ 

conceptual understanding, research that uses essay tests to 

assess students’ conceptual understanding is quite rare. 

Some studies indicate that instructors have difficulty 

evaluating essay responses, require a significant amount of 

time to evaluate students’ essay responses, and encounter 

consistency problems both within the same evaluator and 

across evaluators [17]. When essay scoring is done by a single 

person, inconsistencies can occur if scores are done at 

different times. Furthermore, when scoring is done by 

different people, different results may be obtained for the 

same response. In addition, other research indicates that the 

problem of long grading times can lead to instructor 

fatigue [18, 19]. As a result, there may be errors in grading 

exams after an extended period of time. 

Physics education plays a critical role in shaping students’ 

understanding and knowledge of physics [20–22]. However, 

a significant challenge arises when it comes to accurately 

assessing students’ understanding and knowledge through 

essay tests [21, 23]. The problem lies with certain physics 
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instructors who, for a variety of reasons, struggle to 

effectively evaluate essay tests. They may lack the necessary 

expertise in essay assessment techniques or have limited 

knowledge of the specific instructional strategies used in 

physics education research [24, 25]. In addition, these 

instructors may also be challenged by the subjective nature of 

essay assessment, making it difficult to ensure consistent and 

accurate grading [22]. Their limited expertise in essay 

assessment techniques can lead to inconsistent and inaccurate 

grading, making it difficult to determine the true level of 

student understanding and knowledge [24]. 

To address these issues, teachers are required to be 

innovative in seeking solutions to educational 

 problems [26–28]. Some previous studies have attempted to 

find solutions to the challenges of analyzing students’ 

conceptual understanding in essay tests. For example, an 

online-based essay assessment application was developed 

using an algorithm with cosine similarity method [29]. This 

research provides an automated essay assessment that goes 

through a series of steps, including text mining, question 

weighting, and cosine similarity, to obtain essay scores. The 

results of this study show that the automated essay scoring 

application can be used. The study also compared the learning 

outcomes between conventional (manual) grading and 

automated grading using the essay assessment application. 

However, the assessment results of the application were only 

presented in numerical form and were limited to testing 

specific subjects, including Bahasa Indonesia. It could not 

evaluate answers in the form of formulas or numbers. 

To address these challenges, the researchers propose an 

automated assessment system that provides scores for 

students’ conceptual understanding in numerical and 

graphical forms. This automated essay scoring system can 

also be used for questions and answers that involve formulas 

or numbers. In this context, the researchers use an Intelligent 

Teaching Assistant System (ITAS). ITAS is designed for both 

students and instructors and aims to intelligently support the 

education or training process by assisting instructors in their 

tasks and students in their learning [30]. ITAS can assist in 

accurate, systematic and faster learning diagnosis and 

assessment [31]. It can significantly reduce the burden on 

instructors, assist them with tedious or complex tasks, track 

student performance, report problems, while helping students 

practice at their own pace in a customized environment, and 

provide feedback and tailored exercises [30, 32, 33]. 

Some previous researchers have tried to develop artificial 

intelligence-based evaluation systems. For example, research 

using the K-Nearest Neighbor (KNN) method as an 

evaluation tool does not provide keywords, but only matches 

texts based on reference texts. Research using the support 

vector regression method also does not use keywords, but 

relies solely on document similarity [34]. Another example is 

research using the Nazief and Adriani stemming 

algorithm [29], which uses keywords as key terms. However, 

it has the disadvantage that the evaluation system does not 

consider words with the same meaning (synonyms). In this 

proposed research, the research team also uses Artificial 

Intelligence (AI). However, what distinguishes it from other 

studies and what makes the novelty in this research is that it 

lies in the developed Artificial Intelligence (AI) that is 

dedicated to evaluating the results of students’ concept 

understanding essay tests in physics subjects. The results of 

this development are expected to help lecturers, teachers and 

physics instructors to easily assess students’ concept 

understanding with essay tests. 

Based on the problems and objectives of this research, this 

research team will develop and implement an artificial 

intelligence-based essay scoring system called A Hybrid 

Automatic Scoring System. 

II. LITERATURE REVIEW 

A. Artificial Intelligence (AI) 

At present, with the rapid development of science and 

global technology, Artificial Intelligence (AI) technology has 

experienced significant growth. AI technology is 

continuously developing and being widely used in various 

fields [19, 35]. It is an undeniable fact that AI is increasingly 

finding its way into the educational environment and teaching 

processes in schools [36]. As it develops, more and more 

people are recognizing the importance of this technology in 

education. AI has been used extensively in education and has 

shown significant application benefits, significantly 

impacting the teaching process and classroom 

management [18]. 

One application of AI in education is in the learning 

assessment process. AI technology, such as AI-assisted 

assessment, provides convenience in evaluating learning 

outcomes [18]. Student assessment is an important aspect of 

the learning process. In traditional teaching, it takes a long 

time for teachers to complete assessment tasks, such as 

question preparation, grading, performance evaluation, and 

exam paper analysis. AI makes the assessment methods more 

diverse, the assessment process more scientific, and the 

assessment results more accurate [19, 35]. 

In addition to replacing teachers in the classroom, AI 

technology can automatically grade assignments and 

exams [37]. Grading student assignments and exams is a 

routine task for instructors. Lengthy grading times can lead to 

instructor fatigue, and errors may occur when grading exam 

papers after a long period of time. Image recognition 

technology helps instructors relieve themselves from the 

heavy workload of grading student assignments and 

exams [38], with a low error rate. 

B. VOSviewer Data 

To understand the importance of this research, the 

researcher conducted a literature review using vosviewer to 

identify gaps in novelty or urgency of upcoming research. 

The literature review was conducted on 2,000 articles 

published from 2010 to 2023, focusing on the topics of 

conceptual understanding, artificial intelligence, and forms of 

conceptual understanding tests. The results of the analysis of 

these articles using VOSviewer indicate relationships with 

previously researched topics related to conceptual 

understanding, artificial intelligence, and forms of conceptual 

understanding tests, as shown in Fig. 1. 

Fig. 1 illustrates the overall structure of the relationships 

found in several previous research studies related to the topics 

of conceptual understanding, artificial intelligence, and forms 

of conceptual understanding tests. When analyzed more 

specifically, the data show that previous research has linked 

conceptual understanding to several other topics, such as 
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natural language processing, deep learning, prediction, 

conceptual understanding tests, and others. Most of the 

studies on conceptual understanding have linked it to natural 

language processing, deep learning, and prediction, with the 

subjects being primarily students. These results provide an 

opportunity for researchers to develop an AI-based essay 

assessment tool to assist instructors in assessing 

understanding of physics concepts, called a hybrid automatic 

scoring system. 
 

 
Fig. 1. The relationship of conceptual understanding and artificial 

intelligence with several research topics. 

 

C. The ADDIE Research Design 

The ADDIE research design is a systematic approach 

consisting of five main phases: Analysis, Design, 

Development, Implementation, and Evaluation [39]. This 

approach is used to design, develop, and evaluate learning or 

training programs. The ADDIE approach can be applied in a 

variety of contexts, including formal education, corporate 

training, and product development [40]. The main advantages 

of this approach are its flexibility and its ability to ensure that 

the design of learning or training is focused on identified 

goals and needs [41]. 

Many research topics in the field of education use the 

ADDIE approach to design, develop, and evaluate learning or 

training programs. Examples include the development of 

instructional materials based on the ADDIE model [42], the 

creation of training and development programs using the 

ADDIE method, and a comparative study of the ADDIE 

instructional design model in distance education [39]. 

III. METHODS 

This research is a type of research and development. The 

research design used is based on the ADDIE model (Analysis, 

Design, Development, Implementation, and Evaluation). 

Each procedure of the research design ADDIE model has its 

own methods, instruments, research subjects, and data 

analysis processes, which essentially form a unified whole 

with the aim of producing an artificial intelligence-based 

system called A Hybrid Automatic Scoring System, which is 

used to assist instructors in evaluating students’ concept 

comprehension essay test results. The presentation of the 

research procedures using the ADDIE design model is 

explained in detail as follows.  

A. Analysis 

The purpose of the analysis is to gain an overview of the 

context of the issues that instructors face when assessing 

students’ conceptual understanding. In addition, it aims to 

gather information related to the development of assessment 

formats, instruments, and media for conceptual 

understanding tests from several previous studies. Data 

collection in this phase of the analysis is based on the results 

of a literature review conducted using systematic literature 

review techniques. Data analysis from the systematic 

literature review is presented in a descriptive data 

presentation format. The analysis process consists of data 

condensation, data presentation, and data summarization. 

B. Design 

The purpose of this design phase is to create and organize 

the initial prototype of a hybrid automated scoring system that 

will be used to assist instructors in evaluating the results of 

students’ conceptual understanding essay tests. The initial 

prototype is designed according to the steps of the universal 

design method developed by Lampos et al. [32], which 

include: (1) generating ideas; (2) reviewing and testing ideas; 

(3) design requirements; (4) design proposals; (5) product 

sketches; and (6) initial prototype. Each of these design steps 

has its own data collection techniques. In this design phase, 

the research team also considers input and suggestions from 

physics education instructors at the University of Jambi. The 

data obtained from each design step constitute the design of 

the initial prototype of the AI-based assessment system. The 

framework of the hybrid automated assessment system is 

shown in Fig. 2. 

Fig. 2 explains the system of the A Hybrid Automatic 

Scoring System that will be developed. 
 

 
Fig 2. The framework of a hybrid automatic scoring system. 

 

C. Develop 

In this phase, the researcher transforms the designed 

prototype into a product called A Hybrid Automatic Scoring 

System that can be used to assist instructors in evaluating 

students’ conceptual understanding essay test results. After 

the initial prototype is completed, the researcher collects 

information to obtain feedback from experts and users 

(instructors). The feedback and comments from experts and 

users (instructors) will serve as considerations for improving 

the prototype. The collection of feasibility data for the A 

Hybrid Automatic Scoring Program will be conducted 

through in-depth interviews using open-ended questions. 

D. Implementation 

In this phase, the researcher will collect information related 

to students’ conceptual understanding based on an analysis 

conducted using the developed A Hybrid Automatic Scoring 

System and compare it with manually analyzed results. These 

results will provide information about the strengths and 
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weaknesses of the A Hybrid Automatic Scoring System in 

scoring the results of students’ essay tests on conceptual 

understanding. The subjects of implementation are physics 

education students at the University of Jambi. The data 

collection instruments in this study consist of conceptual 

understanding assessment tools in the form of essay questions 

developed by the researcher, which have undergone validity 

and reliability testing. The assessment instruments will be 

entered into the A Hybrid Automatic Scoring System and 

used as a tool to provide information about the level of 

conceptual understanding of students. 

IV. RESULT AND DISCUSSION 

A. The Form of the Development Results of the A Hybrid 

Automatic Scoring System 

In this development, the researcher created a prototype as 

a first step. This prototype will go through a series of testing 

stages aimed at achieving significant improvements in 

various aspects, such as concept, technical functionality, 

technical product operation, technology used, and desired 

value aspects. An example part of the prototype is shown in 

Fig. 3.  
 

 
Fig. 3. Lecturer dashboard page. 

 

This prototype will undergo a series of test phases aimed 

at achieving significant improvements in various aspects, 

such as the concept, the technical functionality, the technical 

operation of the product, the technology used and the desired 

value aspects.  

B. The Feasibility of a Hybrid Automatic Scoring System 

in Assessing Students’ Concept Comprehension Essay Test  

Before the conceptual understanding assessment system is 

implemented, feasibility testing is required. At this stage, 

there are two types of tests, namely functionality test and 

expert validation test. The results of the functionality test of 

A Hybrid Automatic Scoring System show that each function 

in the system can function effectively. Therefore, the 

feasibility study process can proceed to the expert validation 

testing stage.  

The expert validation stage is conducted to test the 

usability, functionality, and visual communication aspects. 

The results of expert validation are shown in Table 1. 

Table 1 shows that the average scores obtained from the 

validators are 4.63 for usability, 4.47 for functionality, and 

4.72 for visual communication aspects. The average 

percentage from this validation is 4.60. These results provide 

an overview that the developed system falls into the ‘highly 

suitable’ category for implementation as a tool to assist in the 

assessment of students’ concept comprehension essay test 

scores. 
 

Table 1. Analysis of expert validation results 

Item Indicator 
Expert Validation 

Mean % Category 

1 Usability 4.63 92.50% Highly Suitable 

2 Functionallity 4.47 89.47% Highly Suitable 

3 Visual Communication 4.72 94.54% Highly Suitable 

 Mean 4.60 92.17% Highly Suitable 

 

C. Students’ Understanding of Physics Concepts Based 

on the Assessment Results Using the A Hybrid Automatic 

Scoring System 

Conceptual understanding refers to a person’s ability to 

understand and internalize concepts or ideas related to a 

particular subject or discipline. It includes a deep 

understanding of the principles, theories, rules, and 

relationships within a field of knowledge or a specific subject. 

There are two types of electrical circuit questions used to 

assess students’ conceptual understanding. The first problem 

is presented in the context of the brightness of two lamps 

before and after the addition of a resistor in series. The second 

problem is presented in the context of changes in the 

brightness of lamps in series and in parallel after the switch 

in the circuit is closed. To solve these problems, students 

must have a basic understanding of 1) the concepts of current, 

voltage, and resistance in series and parallel circuits, and 2) 

the concepts of energy and electrical power. 

The results of the analysis of the responses to one of the 

questions using A Hybrid Automatic Scoring System indicate 

several categories of students’ conceptual understanding 

(Table 2). 

The above analysis results indicate that only 21.9% of the 

students have a good understanding of the concept. The 

remaining 40.6% of students are categorized as having a 

partial understanding. In addition, 9.4% of the students are 

categorized as having specific misconceptions and 28.2% do 

not understand the concept. Nearly identical results were 

found based on manual analysis, as shown in Table 3. 

The results in Table 3 show that the percentages of students 

who understand the concept well and those who have a partial 

understanding show consistent results with the analysis using 

a hybrid automatic scoring system. However, there is a slight 

difference in the results for the percentage of students with 

specific misconceptions and those who do not understand the 

concept. Approximately 12.5% of students are identified as 

having specific misconceptions, while 25% of students are 

identified as not understanding the concept. 
 

Table 2. Categorization of students’ conceptual understanding. 

N Category Applied Concepts 

3  

(9.4%) 

Specific 

Misconceptions 

 The energy in the circuit will flow first to the A bulb. Even though the resistance is added, the brightness of the A 

bulb will remain the same. 

 At B bulb, the light will dim because it get a little energy. This because of the energy have used by resistance 
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N Category Applied Concepts 

  

The A bulb in circuits 1 and 2 are equally bright, because they are fed by the same current. However, the brightness of 

the B bulb in both circuits are different because a resistance has been added in circuit 2. This causes the current that 

flows through the B bulb on circuit 2 decrease 

9 

(28.2%) 
Don’t understand unclear 

13 

(40.6%) 

Partial 

Understanding 

 The addition of resistances increases total resistance 

 The greater of total resistance make the current smaller, so that the light dims. 

7 

(21.9%) 

Good 

Understanding 

 The brightness of A and B bulb are caused by flowing currents and voltages associated with electrical power. 

 In both circuits arranged in series, the current for each bulb is the same, meanwhile the voltage is divided. 

 In circuit 2, there are additional resistance that cause the decrease of current, so that the power becomes smaller. 

 
Table 3. Categorization of students’ conceptual understanding. 

N Category Applied Concepts 

4 

(12.5%) 

Specific 

Misconceptions 

 The energy in the circuit will flow first to the A bulb. Even though the resistance is added, the brightness of the A 

bulb will remain the same. 

 At B bulb, the light will dim because it get a little energy. This because of the energy have used by resistance 

  

The A bulb in circuits 1 and 2 are equally bright, because they are fed by the same current. However, the brightness of 

the B bulb in both circuits are different because a resistance has been added in circuit 2. This causes the current that 

flows through the B bulb on circuit 2 decrease 

8 (25%) Don’t understand unclear 

13 

(40.6%) 

Partial 

Understanding 

 The addition of resistances increases total resistance  

 The greater of total resistance make the current smaller, so that the light dims. 

7 

(21.9%) 

Good 

Understanding 

 The brightness of A and B bulb are caused by flowing currents and voltages associated with electrical power. 

 In both circuits arranged in series, the current for each bulb is the same, meanwhile the voltage is divided. 

 In circuit 2, there are additional resistance that cause the decrease of current, so that the power becomes smaller. 

V. DISCUSSION 

One of the various applications of AI in education is in the 

learning assessment process. AI technology, for example, 

provides convenience for assessing learning 

outcomes [18, 43]. Student assessment is an important aspect 

of the learning process. In traditional teaching, it takes a long 

time for teachers to complete assessment tasks, such as 

preparing questions, grading, performance evaluation, and 

analyzing exam papers. AI introduces more diverse teaching 

evaluation methods, a more scientific evaluation process, and 

more accurate evaluation results [19, 35]. 

AI technology not only serves as a substitute for instructors 

in teaching, but can also automatically grade assignments and 

exams [44, 45]. Grading student assignments and exams is a 

routine task for instructors. The lengthy grading process often 

leads to instructor fatigue, which increases the likelihood of 

errors after a long period of time. Image recognition 

technology can help relieve instructors from the heavy 

workload of grading student assignments and exam 

results [38] with a low error rate. 

The results of the comparison between students’ 

conceptual understanding tests using A Hybrid Automatic 

Scoring System and manual scoring reveal several 

advantages of A Hybrid Automatic Scoring System. The 

scoring of the essay test can be done automatically, reducing 

the time needed to manually score students’ responses. This 

can increase the efficiency of the assessment process. In 

addition, the A Hybrid Automatic Scoring System tends to 

provide consistent scores that are unaffected by emotional 

factors or fatigue. This helps eliminate the variability in 

scoring that can occur with manual methods. Using the A 

Hybrid Automatic Scoring System, essay test scoring can be 

automated for large numbers of students in a relatively short 

period of time. This helps address scalability challenges that 

can be difficult to achieve with manual methods. 

An interesting finding from the implementation of A 

Hybrid Automatic Scoring System is a slight difference in 

scores for specific misconceptions and lack of understanding 

of concepts. This finding indicates that there are still 

weaknesses in the development of the system, namely that the 

developed A Hybrid Automatic Scoring System cannot 

provide a more in-depth analysis of students’ responses to 

specific misconceptions and lack of understanding of 

concepts. This is because there are patterns that the system 

cannot identify in specific misconception indicators. 

Similar issues were also identified in previous research, 

such as research using the stemming algorithm by Nazief and 

Adriani [29] with a high accuracy rate of 90.66% using 

keywords. However, it has a drawback where the assessment 

system does not consider words with the same meaning 

(synonyms), and it does not consider the provision of 

dynamic alternative answer keys as a solution to improve the 

system’s performance in providing assessments. Research 

using the K-Nearest Neighbor method with an accuracy rate 

of 86.51% [46]. This study only considers the similarity of 44 

documents and does not display keywords as search terms for 

weighting. 

VI. CONCLUSION 

This study provides information that the A Hybrid 

Automatic Scoring System is suitable for use as an 

assessment tool for essay responses related to conceptual 

understanding. This is supported by the results of validation 

and small-scale testing. The expert validation results indicate 

that the A Hybrid Automatic Scoring System is suitable for 

overall use, with an average score of 4.40 (highly suitable 

category) for software engineering and visual communication 

aspects. Furthermore, the analysis of the students’ conceptual 

understanding after being assessed with the A Hybrid 

Automatic Scoring System shows that only 21.9% of the 

students have a good understanding of the concept. The 

majority, 40.6% of the students, are classified as having a 

partial understanding. In addition, 9.4% of students are 

categorized as having specific misconceptions and 28.2% do 

not understand the concept. The A Hybrid Automatic Scoring 
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System can be an alternative, more effective, and efficient 

tool for scoring essay response. 
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