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Assessing open-ended questions requires explicit criteria and transparent procedures, especially in automated 
assessment contexts. This paper proposes a generalized framework, with mathematical formalization, for designing 
grading rubrics suitable for AI-based evaluation systems. Four rubric types are systematized: binary rubrics, rubrics 
with multiple compliance levels, rubrics with penalty points, and rubrics with weighting coefficients, including com-
bined variants. For each type, formal equations for final-grade computation are provided, supporting algorithmic 
implementation. A seven-step rubric-development methodology is presented, emphasizing criterion completeness, 
formulation clarity, operationalization, and structural consistency. The proposed framework is platform-independent 
and illustrated through examples from programming education. It also supports comparability across rubric designs 
and assessment contexts.

Keywords: grading rubrics, open-ended questions, automated assessment, criterion-based assessment, learning 
objectives, educational measurement, formative assessment.

METODOLOGIA CREĂRII RUBRICILOR PENTRU 
EVALUAREA ÎNTREBĂRILOR DE TIP DESCHIS
Evaluarea întrebărilor deschise necesită criterii explicite și proceduri transparente, în special în contextul evaluării 

automatizate. Lucrarea propune un cadru generalizat, cu formalizare matematică, pentru proiectarea rubricilor de 
evaluare aplicabile în sisteme bazate pe inteligență artificială. Sunt sistematizate patru tipuri de rubrici: binare, cu 
niveluri multiple de conformitate, cu penalizări și cu coeficienți de ponderare, inclusiv variante combinate. Pentru 
fiecare tip sunt prezentate formule de calcul al notei finale, adecvate implementării algoritmice. Este descrisă o 
metodologie în șapte pași pentru elaborarea rubricilor, cu accent pe completitudinea criteriilor, claritatea formulărilor, 
operaționalizare și structurare. Cadrul propus este independent de platformă și este ilustrat prin exemple din dome-
niul programării.

Cuvinte-cheie: rubrici de evaluare, întrebări deschise, evaluare automatizată, evaluare criterială, obiective de 
învățare, măsurare educațională, evaluare formativă.

Introduction
Assessing student knowledge is an important part of the educational process. It allows educators to 

objectively evaluate students’ understanding of the material and their skills, and to provide constructive 
feedback.

Knowledge assessment can be performed using various methods, referred to in this paper as assessment 
tools: individual assignments, reports, essays, tests, among others [1]. An assessment tool is any method or 
instrument used to measure and evaluate students’ knowledge, skills, and competencies, consisting of the 
following main elements:

1. the name of the assessment tool;
2. the learning objectives that the assessment tool checks;
3. the formulation of the task or tasks;
4. the assessment criteria.
An assessment tool may also include additional elements: description, instructions for students, ex-

amples of tasks, and assessment recommendations. Assessment tools include: question, test, individual 
assignment, group project.

The simplest (atomic) assessment tool is a question. Other assessment tools consist of one question or a 
set of questions.
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Questions can be classified by the type of response required from the student. There are two main types 
of questions:

•	 closed-ended questions;
- single-choice questions;
- multiple-choice questions;
- short-answer questions;
- matching questions;
- ordering questions; etc.
•	 open-ended questions;
- essay questions;
- math questions;
- report questions;
- programming questions; etc.
Closed-ended questions require the student to select one or more correct answers from a given set of 

options. This type of question is well suited to automated grading due to the presence of a clearly defined 
correct answer and is often used to assess basic knowledge and facts.

Open-ended questions require the student to provide an extended response involving analysis, synthesis, 
and evaluation of information. The student must demonstrate their knowledge and skills in a free-form man-
ner. In the absence of a clearly defined correct answer, assessing the response may be unclear to students or 
perceived as subjective. In such cases, it is recommended to use rubrics for assessing student responses, as 
this ensures transparency and objectivity in the assessment process [13, 17].

The problem of assessing open-ended questions is especially relevant in the context of large-scale on-
line education, where student cohorts can number in the thousands and instructional resources are limited 
for high-quality assessment of each response. Automated Essay Scoring (AES) is an actively developing 
research area [11, 20]. Traditional AES systems were based on machine learning and natural language 
processing [5, 8], but in recent years significant progress has been made thanks to the application of 
modern artificial intelligence methods, including large language models [10, 18].

Recent studies demonstrate the high potential of using machine learning and artificial intelligence 
methods for automated assessment of students’ textual responses [4, 7]. For example, Mizumoto and 
Eguchi [10] showed the effectiveness of using AI models for essay assessment, and Uyar and Büyüka-
hiska [18] explored the capabilities of modern language models as a tool for automated assessment. 
Hashemi et al. [7] proposed a multidimensional calibrated approach to automated assessment, emphasiz-
ing the importance of clearly structured rubrics for the effective operation of AI-based systems.

However, despite recent progress in the application of artificial intelligence for assessment, the question 
of a systematic representation of grading rubrics suitable for automated assessment remains open. Rubrics 
for automated systems must be sufficiently clear, unambiguous, and structured so that algorithms can cor-
rectly interpret the criteria and apply them consistently to student responses. Rubrics designed for manual 
grading do not always meet these requirements [7, 9]. As noted in the literature, rubric development is an 
iterative and complex process with both pedagogical and technical components [1, 3, 6, 17].

Various learning management systems (such as Moodle) implement mathematical models of assessment 
using rubrics with multiple levels of correspondence. However, these models are designed for specific plat-
forms and are not presented in a generalized form suitable for theoretical analysis and adaptation to various 
contexts of automated assessment.

The scope of this work is to develop a generalized representation of analytic grading rubrics for open-
ended questions, with a formalized mathematical description suitable for automated assessment.

To achieve this goal, the following tasks need to be addressed:
1. Systematize the principles of criterion-based assessment and their connection to learning objectives.
2. Develop a generalized representation of the main types and structures of grading rubrics for open-

ended questions.
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3. Provide mathematical formalization of different rubric variations (multi-level rubrics, penalties, 
weighting coefficients).

4. Describe the process of formulating assessment criteria based on learning objectives.
5. Develop a methodology for creating rubrics that takes into account the requirements of clarity and 

unambiguity for automated assessment systems.
The scientific novelty of this work is as follows:
1. A generalized representation of analytic grading rubrics is proposed, combining different assessment 

approaches (binary, multi-level, with penalties, with weighting coefficients) into a unified conceptual model.
2. A mathematical description of various types of rubrics has been developed, allowing formalization of 

the assessment process and ensuring its technical feasibility in automated systems.
3. An explicit connection between learning objectives, assessment criteria, and rubric structure has been 

established, providing both pedagogical justification and technical applicability of rubrics.
4. A methodology for creating rubrics has been proposed, taking into account the requirements for clarity 

and unambiguity of the assessment results.
The article is organized as follows. The section “Criterion-based Assessment” discusses the connection 

between learning objectives and assessment criteria. The section “Grading Rubrics” describes the main 
rubric types and structures. The sections “Variations of Grading Rubrics” and “Methodology for Creating 
Grading Rubrics” present the development process for different types of tasks. The final part formulates the 
main conclusions and directions for further research.

1. Criterion-Based Assessment
When designing a course, learning objectives are defined that students should achieve upon completion 

of the course. These objectives may include knowledge, skills, and competencies that students should ac-
quire. Each course topic corresponds to the set objectives to some extent and is aimed at achieving them. 
Course topics implement more specific learning tasks, which collectively determine the achievement of 
learning objectives. Additionally, learning tasks can be broken down into smaller session objectives, which 
define specific learning outcomes for each session.

For effective assessment of students’ knowledge, it is necessary to clearly define a method for measuring 
the correspondence of their knowledge and skills to the course objectives. An optimal approach is criterion-
based assessment, where each criterion corresponds to a specific learning objective [1, 3, 16].

The alignment of a student’s knowledge and skills with the course objectives can be naturally expressed 
as a percentage:

- 100% – full correspondence of knowledge and skills to the course objectives;
- 0% – complete non-correspondence;
- 1%–99% – intermediate levels of correspondence.
This percentage can be mapped to any conventional grading scale.
Example: Python Programming for Beginners
Consider a course “Python Programming for Beginners” aimed at teaching students the basics of pro-

gramming using the Python language. The course may have the following general learning objectives:
- Understand the basic concepts of programming, such as variables, data types, operators, and control 

structures (forming basic programming knowledge);
- Develop simple programs in Python using functions and modules (forming programming skills);
- Solve basic programming problems using algorithms and data structures (forming analytical skills);
- Write and debug Python code using development tools (forming technical skills).
In this case, the first five course topics may be formulated as follows:
1. Introduction to Programming and Python
2. Variables and Data Types
3. Operators and Expressions
4. Control Structures (Conditional Statements and Loops)
5. Functions and Modules
The first course topic “Introduction to Programming and Python” is aimed at achieving the general 
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learning objective related to understanding the basic concepts of programming and includes the following 
learning tasks:

•	 Familiarization with the history and features of the Python language:
- when and by whom the Python language was created;
- where Python is used;
- the main advantages of Python;
- how Python differs from other programming languages.
•	 Installation and configuration of the development environment for Python:
- installation of Python on various operating systems;
- selection and installation of an integrated development environment (IDE) for Python;
- configuration of the development environment for effective work with Python.
•	 Familiarization with the basic syntax of Python:
- basic Python syntax for creating and running programs;
- using comments in Python code;
- basic rules for formatting code in Python.
- running a program and checking its operation.
All the learning objectives together determine the achievement of the general learning objectives of the course.
Specific learning objectives (lesson objectives, learning tasks) form the basis for developing assessment 

criteria. Each objective formulated for a lesson or topic must be measurable and verifiable, thus becoming 
a natural criterion for a grading rubric.

2. Grading Rubrics
In educational practice and learning management systems, various approaches are used to create and 

apply grading rubrics. For example, the Moodle system provides functionality for creating rubrics with 
multiple levels and automatic calculation of grades based on them. Similar mechanisms are implemented 
in other LMS (Learning Management Systems). However, these implementations are platform-specific and 
are not presented as a generalized model that could serve as a theoretical basis for the development and 
comparison of different types of rubrics.

Existing scientific works consider separate aspects of rubrics: elements of rubrics [2], validation for spe-
cific subject areas [15], comparison of analytical and holistic approaches [19]. However, there is no unified 
generalized representation that systematizes various types of rubrics and their mathematical description.

As already noted, various assessment tools are used to evaluate students’ knowledge, which define as-
sessment criteria. These criteria can be formulated in the form of a grading rubric.

According to Reneau [13], a grading rubric is a tool that articulates the expectations for an assign-
ment by listing criteria, and for each criterion, describing levels of quality. It serves as a guide for 
grading, consisting of specific predetermined performance criteria used in evaluating students’ work. 
A grading rubric is a matrix where rows correspond to assessment criteria, and columns correspond to lev-
els of compliance with these criteria. This matrix allows for systematic evaluation of a student’s work for 
each criterion and determining the final grade based on the cumulative compliance.

The formation of assessment criteria is based on specific learning objectives: each lesson objective can 
become a separate criterion for evaluating a student’s work. The assessment tool may cover all or part of the 
objectives. Meeting the criterion is scored as 100%, and not meeting it as 0%. A grading rubric is a set of 
objectives verified by the assessment tool, indicating how to determine full or partial compliance with these 
objectives. The simplest grading rubric has the form:

Table 1. The simplest grading rubric
Criterion Complete Non-Compliance Complete Compliance

Objective 1 0 100
Objective 2 0 100
...
Objective n 0 100
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The final grade for a student’s response is determined as the sum of the percentages for each criterion 
divided by the number of criteria:

	                                              (1)

Where:
G – the final grade for the student’s response (in percentage);
N – the number of criteria in the grading rubric;
Pi – the percentage of the student’s response compliance with the i-th criterion (0% or 100% in the sim-

plest grading rubric).
Example: The simplest grading rubric for “Python Programming for Beginners”
An example assessment tool could be an assignment to write a small and simple Python program for the 

first topic of the course “Introduction to Programming and Python”. The grading rubric for this assignment 
is formed based on the lesson objectives and may look as follows (Table 2):

Table 2. The simplest grading rubric for Python programming
Criterion 

(based on lesson objectives)
Complete 

Non-Compliance Complete Compliance

Basic Python syntax 0 100
Use of comments in Python code 0 100
Python code formatting rules 0 100
Running the program and checking its operation 0 100

An example student response is shown in Listing 1:

Listing 1. Example student response
# This is a simple Python program. The code contains an error - echo commands do not exist in Python.
echo(“Hello, World!”)
In this case, the grading according to the rubric will be as follows (Table. 3):

Table 3. Student response grading according to the simplest rubric

Criterion Complete 
Non-Compliance Complete Compliance

Basic Python syntax 0 100
Use of comments in Python code 0 100
Python code formatting rules 0 100
Running the program and checking its operation 0 100

The final grade for the student’s response will be:
	

(2)

This example illustrates that the rubric criteria directly correspond to the specific learning objectives for 
the first topic described above. Each objective becomes a measurable criterion by which the student’s work 
is evaluated [12, 15].

3. Variations of Grading Rubrics
Simple rubrics are often insufficient in practice because responses can be partially correct or may contain 

errors of different severity. For such situations, extended rubrics are useful: they preserve the same basic 
logic but introduce intermediate compliance levels, penalties, and/or weights [2, 6, 19].
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3.1. Multi-level Compliance
Instead of a binary scheme (0%/100%), criteria can be evaluated on multiple levels. A 5-level scale can 

be used: 0%, 25%, 50%, 75%, 100%, where each level corresponds to a certain response quality (Table 4).

Table 4. Compact description of compliance levels
Percentage Interpretation Meaning

0% Completely incorrect The response does not meet the criterion
25% Almost incorrect The response contains significant errors
50% Partially correct Partial correspondence with the criterion
75% Almost correct Nearly complete correspondence
100% Correct Complete correspondence

The final grade is calculated in the same way as in the simple case:
		

(3)

where Pi is the compliance level assigned to criterion i and N is the total number of criteria.
However, each criterion may define its own levels and interpretations, which allows the rubric to be 

adapted to the task specifics and learning objectives.
Using multi-level criteria reflects response quality more precisely and provides more differentiated feed-

back, supporting competence development and reinforcing understanding [9, 17].
3.2. Penalties
Penalties can be applied per criterion or globally. For per-criterion penalties:

 		
    (4)

where ki is the number of errors for criterion i and  Di is the penalty per error.
For global penalties:
 		
                                                                                                                                                          (5)

where k is the total number of errors and  D is the penalty per error.
Penalties are useful to account for errors that may be present even in formally correct responses.
3.3. Weighting coefficients
When criteria have different importance, weights  qi are used:

 		
(6)

Weighting prioritizes criteria with greater impact on the final result.
3.4. Combined rubrics (unified example)
In practice, mechanisms can be combined: compliance levels, penalties, and weights. For each criterion, 

the final score can be computed as:
    (7)

where  Li {0,25,50,75,100} is the compliance level, ki  is the number of errors, and  Di is the penalty 
for one error.

The final grade is determined as the weighted average of criterion scores:
 		   
                                                                                                                                                          (8)
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Table 5. Combined rubric (Python example)
Criterion 0% 25% 50% 75% 100% Errors Penalty Weight Rezult

Basic Python syntax    █ 1 5 3 70
Use of comments in Python code    █ 0 5 1 100
Python code formatting rules    █ 0 5 1 100
Running the program and check-
ing its work     █ 2 10 2 30

Total 67,14

The final result for the unified example is:
       

(9)

The general formula for combined rubrics is:
                        
    (10)

– G the final grade for the student’s response;
 – N the number of criteria;
 – Li the compliance level for criterion i;
 – ki the number of errors for criterion i;
 – Di the penalty per error for criterion i;
 – qi the weight of criterion i;
 – k the total number of errors;
 – D the global penalty per error.
Typically, only a subset of these mechanisms is applied depending on the task specifics and learning 

objectives (e.g., D can be zero if global penalties are not used).
4. Methodology for Creating Grading Rubrics
The rubric types and their connection to learning objectives were analyzed above. Based on this analy-

sis, a rubric-development methodology for open-ended questions can be formulated. To create an effective 
rubric, the following seven-step sequence is recommended: 

1. define the learning objectives verified by the assessment tool;
2. identify measurable criteria;
3. define compliance levels (e.g., 0%, 25%, 50%, 75%, 100%) with operational descriptions rather than 

vague labels;
4. assign weighting coefficients (if needed);
5. define penalty points (if needed);
6. test the rubric on real student work to verify objectivity [14];
7. adjust the rubric based on results (returning to step 3 if necessary).
Characteristics of Rubrics for Automated Assessment
For use in automated assessment systems, a rubric should satisfy the following requirements:
1. Completeness of criteria – all aspects to be assessed must be clearly defined as separate criteria.
2. Clarity of formulations – each compliance level should describe observable characteristics of the 

response, eliminating ambiguity of interpretation.
3. Operationalization of criteria – criteria should be expressed via measurable or verifiable indicators.
4. Avoidance of subjective assessments – formulations like “qualitative analysis” or “deep understanding” 

must be concretized through observable indicators.
5. Structuredness – the rubric should have a clear structure enabling formal representation (e.g., as tables, 

JSON, XML).
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These conditions enable programmatic implementation and increase assessment reproducibility.

Results and Discussion
The proposed generalized model covers the main types of analytic grading rubrics used in practice and 

provides a single mathematical basis adaptable to different automated-assessment contexts.
Formalizing analytic grading rubrics (binary, level-based, with penalties, with weights, combined) enables:

formalization of the assessment process;
transparency and reproducibility of grades;
easier technical implementation in automated systems;
comparison of assessment approaches on a common basis.

Limitations: The methodology focuses on quantitative criterion-based assessment (analytic rubrics). 
It does not cover holistic assessment [19] and does not detail calibration/validation of rubrics in specific 
systems.

Conclusions
This work presents a generalized description of grading rubrics for open-ended questions, oriented to-

ward use in automated grading systems.
In accordance with the stated objectives, the following results were obtained:
1. The principles of criterion-based assessment have been systematized, showing an explicit connection 

between learning objectives (course, topic, lesson) and grading criteria in rubrics.
2. A generalized representation of grading rubrics has been developed, including four main types: binary 

rubrics, rubrics with multiple compliance levels, rubrics with penalty points, and rubrics with weight coef-
ficients, as well as their combinations.

3. A mathematical description for each type of rubric has been proposed, allowing formalization of the 
final grade calculation process and ensuring technical feasibility in automated systems.

4. The process of formulating grading criteria based on specific learning objectives has been described, 
wherein each measurable objective becomes a separate rubric criterion.

5. A seven-step methodology for creating rubrics has been developed, indicating specific requirements 
for automated assessment (completeness, unambiguity, operationalization of criteria).

The proposed representation is independent of platform and technology, which distinguishes it from lo-
cal, platform-specific solutions. Mathematical formalization increases assessment transparency and simpli-
fies technical implementation [4]. Clear structure and criterion unambiguity make rubrics suitable both for 
manual grading and for AI-based automated assessment systems [1, 13, 17].

Promising directions for future research include empirical validation of the proposed rubric types, devel-
opment of methods for automatic generation of criteria, and investigation of the consistency of automated 
assessment with expert assessments by instructors.
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