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AI-BASED NORMALIZATION METHODOLOGY 
FOR COLLECTING AND PROCESSING KPI 
INDICATORS
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Email: m.shuhratov@tsue.uz 
ORCID: 0009-0000-8055-676X

Abstract: The heterogeneity of employee performance data collected in organizations—stemming from variations in 
format, structure, and recording methods—creates significant inaccuracies within KPI systems. This article proposes 
an AI-based normalization methodology aimed at standardizing KPI data, automatically filtering noisy and inconsistent 
entries, and converting heterogeneous inputs into a unified mathematical representation. The study employs NLP 
techniques, min–max scaling, z-score standardization, Isolation Forest, and sentence-embedding models. Experimental 
results demonstrate that the proposed normalization pipeline increases data accuracy from 78% to 94% and reduces the 
KPI calculation time from 40 hours to 0.8 hours.

Key words: normalization, artificial intelligence, data cleaning, automation, NLP.

Annotatsiya: Tashkilotlarda xodimlar faoliyati bo‘yicha yig‘iladigan ko‘rsatkichlarning turlicha formatda bo‘lishi KPI 
tizimlarida sezilarli xatoliklar yuzaga kelishiga olib keladi. Ushbu maqolada KPI ma’lumotlarini standartlashtirish, shovqinli 
va nomuvofiq ko‘rsatkichlarni avtomatik filtrlash hamda yagona matematik makonga keltirish uchun sun’iy intellekt 
asosidagi normalizatsiya metodikasi taklif etiladi. Tadqiqotda NLP, min–max scaling, z-score, Isolation Forest va sentence 
embedding algoritmlariga tayanilgan. Sinov natijalari normalizatsiya jarayoni ma’lumotlar aniqligini 78% dan 94% ga 
oshirganini, KPI hisoblash vaqtini 40 soatdan 0,8 soatga qisqartirganini ko‘rsatdi.

Kalit so‘zlar: KPI, normalizatsiya, sun’iy intellekt, ma’lumotlarni tozalash, avtomatlashtirish, NLP.

Аннотация: Разнородность показателей деятельности сотрудников, собираемых в организациях, приводит к 
возникновению существенных ошибок в системах KPI. В данной статье предлагается методика нормализации KPI-
данных на основе искусственного интеллекта, направленная на стандартизацию показателей, автоматическую 
фильтрацию шумовых и несогласованных записей, а также приведение неоднородных данных к единому 
математическому пространству. В исследовании применялись методы NLP, min–max масштабирование, z-score 
стандартизация, алгоритм Isolation Forest и модели sentence embedding. Результаты экспериментов показали, что 
предложенный процесс нормализации повысил точность данных с 78% до 94% и сократил время расчёта KPI с 
40 часов до 0,8 часа.

Ключевые слова: KPI, нормализация, искусственный интеллект, очистка данных, автоматизация, NLP.

I N T R O D U C T I O N
In recent years, digital solutions have become increasingly important in managing and evaluating employee 

performance across organizations. Although Key Performance Indicators (KPI) systems have emerged as one 
of the primary tools for assessing managerial effectiveness, many institutions still rely on manually collected 
KPI data from heterogeneous sources. This leads to persistent issues such as low data quality, duplicated 
records, and inconsistencies in data formats. Empirical observations indicate that in large universities and 
organizations, approximately 20–35% of KPI-related information is inaccurate or incomplete.
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To address these challenges, the adoption of automated normalization methodologies based on artificial 
intelligence has gained significant relevance in recent years

R E V I E W  O F  L I T E R A T U R E  O N  T H E  S U B J E C T
The integration of artificial intelligence into the normalization of KPI indicators has become a central direction 

in modern HR analytics. Research by Shuhratov and Baxodirov demonstrates that AI-driven approaches such 
as matrix factorization can substantially improve the structuring of employee performance data, enhance 
recommendation quality, and support data-driven training decisions. Their subsequent studies highlight that 
AI-based evaluation systems increase consistency and accuracy in employee assessment, thereby offering a 
stronger methodological foundation for KPI standardization processes within organizations.

Foundational concepts for data preprocessing are extensively detailed by Han, Kamber, and Pei, whose 
work outlines the critical importance of normalization, scaling, data cleaning, and outlier handling in analytic 
workflows. Methods such as min–max scaling and z-score normalization are shown to reduce variance, eliminate 
distortions in heterogeneous metrics, and create a unified analytical space in which KPI indicators can be 
meaningfully compared. These theoretical principles provide the statistical backbone for modern normalization 
algorithms.

Significant advancements in textual KPI processing stem from developments in natural language 
understanding. The BERT model introduced by Devlin, Chang, Lee, and Toutanova provides a deep 
contextual representation capable of standardizing semantically diverse textual KPI descriptions. Further 
enhancement is achieved through the Sentence-BERT model proposed by Reimers and Gurevych, which 
generates dense sentence embeddings that enable clustering, similarity detection, and noise reduction in 
textual data. These models ensure that unstructured HR information can be normalized into consistent 
semantic representations.

Detecting anomalies and inconsistent KPI values is another essential component of normalization. The 
Isolation Forest algorithm developed by Liu, Ting, and Zhou offers an effective mechanism for identifying 
unusual observations in large datasets through random partitioning. Complementary insights appear in the 
comprehensive survey by Chandola, Banerjee, and Kumar, who systematize anomaly detection methods and 
articulate their relevance for filtering corrupted or misleading data within organizational analytics. Together, 
these works strengthen the methodological toolkit for maintaining data integrity during KPI normalization.

From a broader strategic perspective, Kaplan and Norton’s Balanced Scorecard framework introduces 
a structured approach to aligning KPI metrics with organizational goals across financial, customer, internal 
process, and learning dimensions. Their contribution underscores the need for normalized, comparable 
indicators that reflect strategic performance priorities. Additionally, Cascio and Aguinis emphasize the critical 
role of rigorous measurement and analytics in HR management, arguing that reliable KPI systems must rest on 
sound statistical methodology, validated metrics, and consistent normalization procedures.

Collectively, these studies reveal that AI-driven normalization of KPI indicators relies on an interdisciplinary 
foundation that merges machine learning, statistical preprocessing, semantic modeling, anomaly detection, and 
strategic performance measurement. This integrated body of knowledge supports the development of systems 
that produce accurate, comparable, and noise-resistant KPI datasets suitable for advanced HR analytics and 
managerial decision-making.

R E S E A R C H  M E T H O D O L O G Y
The proposed methodology consists of three core stages, each leveraging the capabilities of artificial 

intelligence to detect, correct, and standardize data-related inconsistencies within KPI datasets. Every stage is 
designed to enhance data quality, reduce noise, and ensure that heterogeneous records are transformed into 
a unified analytical structure.

At this stage, natural language processing (NLP) techniques and statistical models are employed to 
improve the quality of raw KPI data. The following procedures are carried out:

	 Detection of duplicate records: TF-IDF vectorization combined with cosine similarity;
	 Verification of incorrect values: Range checks and date–time validation rules;
	 Format recognition: Semantic analysis of section titles, article names, and grant identifiers using NLP-

based models.
During data cleaning, a cosine-similarity–based model is applied to identify entries that are either duplicated 

or semantically similar. Each textual input is transformed into a vector representation using TF-IDF or sentence-
embedding techniques. The similarity between two records is computed using the following formula:
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In this formula ​ and – represent the vectorized forms of two records in the database, while  

denotes their dot product, The terms  va   correspond to the Euclidean norms of the respective 

vectors. In practical application, cases where. ≥ 0.85 are considered “duplicate” or “belonging to 
the same employee,” and such entries are automatically merged by the system.

To illustrate the practical application of the above formula, consider the following example:
Record 1: “Prof. Karimov A.A., published 4 Scopus-indexed articles in 2023 and participated in 1 grant 

project.”
Record 2: “Karimov A. A. published 4 articles in the Scopus database in 2023 and took part in 1 scientific 

grant project. 

 = (0.5,0.4,0.1,0,0.3) 	  = (0.48,0.39,0.09,0.02,0.29)

(0.48,0.39,0.09,0.02,0.29)

The total value is:

Final result of the computation:

In this example, the similarity value is nearly equal to 1, which indicates that the two entries represent the 
same piece of information and should therefore be merged unequivocally.

Threshold:
If the threshold is set to 0.85 → the records are merged
If the threshold is set to 0.90 → the records are merged
If the threshold is set to 0.95 → the records are still merged
Accordingly, the algorithm classifies these two entries as a duplicated record and automatically consolidates 

them into a single unified entry.
Numerical KPI indicators are processed using either the min–max scaling method or z-score standardization 

to ensure that all values are transformed into a comparable range and distribution.                  

   
Step 1: Identify the minimum and maximum values.

- 1   - 10
Step 2: Compute the scaled values for each employee (Table 1).

Table 1. Standardized Publication Metrics of Employees Based on Min–Max Normalization
Employee Number of Publications Calculated Values

A 2  

B 4
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C 10 
  

D 7   

E 1 

	
Method 2: Z-Score Standardization

Formula:			   	
Step 1: Calculate the mean value.

Step 2: Determine the standard deviation.
First, compute the variance:

We compute the following: 

Variance:

Standard deviation:

Step 3: Calculate the z-score value for each employee (Table 2; Figure 1).

Table 2. Z-Score Normalization of Employees’ Publication Counts

Employee Number of Publications It is necessary to compute the z-score value

A 2 

B 4 

C 10 

D 7 

E 1  
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Figure 1. Normalization of numerical attributes in the KPI system using the

 z-score method
In KPI systems, numerical attributes are normalized using either the min–max scaling method or z-score 

standardization. For example, when applying min–max scaling to the indicator “number of articles published 
per year” for academic staff, the original values ranging from 1 to 10 were transformed into a 0–1 interval. 
In this process, the lowest value was mapped to 0, while the highest value was mapped to 1. In addition, 
z-score standardization was applied to identify and analyze outliers, resulting in transformed values ranging 
from –1.148 to 1.571.2.3. 

Since qualitative indicators are presented in textual form, the following models are used to generate 
embedding vectors:

	 Sentence-BERT;
	 Universal Sentence Encoder.
Each indicator is transformed into a 768-dimensional vector space. The final evaluation is then performed 

using an adapted regression model.

A N A LY S I S  A N D  R E S U LT S
The proposed methodology was tested using the employee KPI dataset of Tashkent State University of 

Economics (TSUE) for the 2023–2024 academic year (Figure 2).

Figure 2. Dynamics of data accuracy improvements and reductions
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3.1. KPI Calculation Speed
	 Manual calculation: 5 working days (≈ 40 hours);
	 Automated system: 0.8 hours (48 minutes);
	 Acceleration coefficient: K = (40/0,8) = 50.
3.2. Error Reduction
	 KPI-related errors by employees: 12.4% → 3.1%;
	 Incorrectly entered grant information: 18% → 2%;
	 Inconsistencies in publication records: 22% → 3%.
The findings of the study demonstrate that AI-based normalization not only improves the accuracy of KPI 

systems but also significantly strengthens the overall stability of managerial processes. The primary advantages 
of normalization include:

Improved alignment and consistency across multi-source datasets. Reduction of subjective evaluation 
factors.Faster and more reliable decision-making. Establishment of a fairer and more transparent employee 
assessment process.

A decrease of 40–60% in disputes arising during annual performance evaluations.The study further shows 
that the combination of NLP techniques, outlier detection algorithms, and semantic vectorization effectively 
eliminates the key data-quality issues commonly observed in KPI systems (Table 3).

Table 3. Advantages and Limitations
Advantages Limitations

Full automation of data processing. The system is capable 
of handling heterogeneous data formats. Incorrect or 
inconsistent values are detected immediately. The approach 
provides a reliable foundation for managerial decision-
making.

Training the model requires a large dataset. Semantic 
normalization demands substantial computational 
power. If the quality of the textual data is low, the 
resulting embeddings become less reliable.

C O N C L U S I O N S  A N D  S U G G E S T I O N S
The proposed AI-driven normalization methodology has demonstrated substantial improvements in 

the accuracy, consistency, and overall reliability of KPI data processing. By integrating NLP techniques, 
mathematical scaling approaches, and anomaly-detection algorithms, the system effectively eliminates 
redundant, inconsistent, and noisy records that traditionally undermine the validity of performance evaluations. 
The experimental findings confirm that data accuracy increased to 94%, ensuring that managerial decisions 
are based on higher-quality and more trustworthy information. Furthermore, the automation of preprocessing 
pipelines reduced the total KPI computation time from 40 hours to just 0.8 hours—a 50-fold improvement in 
operational efficiency.

Beyond computational speed and accuracy, the methodology enhances transparency in performance 
assessment, reduces subjective bias, and enables organizations to align multi-source datasets into a unified 
analytical framework. These outcomes are particularly critical for institutions with large and heterogeneous 
data environments, including universities, enterprises, and government agencies. The normalization framework 
supports more informed decision-making, minimizes human-induced errors, and lays a solid foundation for 
scalable performance-management ecosystems.

Looking ahead, further research will focus on expanding the model to incorporate deep learning–based 
contextual normalization, improving the semantic understanding of qualitative KPI indicators. Additionally, future 
work will explore predictive modeling of KPI trajectories using machine-learning and time-series approaches. 
These advancements are expected to strengthen the adaptability of the system, enabling proactive identification 
of performance trends and early detection of organizational inefficiencies.

Overall, the study confirms that AI-based normalization represents a powerful and scalable solution for 
modern KPI management, offering measurable benefits in accuracy, speed, and strategic decision-making.
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