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Abstract

Employee performance evaluation is one of the important things in
human resource management because it can affect the Company's
productivity and development. However, the performance appraisal
process that is still carried out manually or conventionally often
results in subjective and inconsistent appraisals. This makes the
results of the evaluation sometimes less effective to be used as a basis
for decision-making. This study aims to design an expert system using
the Certainty Factor (CF) method to help the process of evaluating
employee performance automatically and more objectively by utilizing
HR Analytics data. The data used amounted to 791 employees
consisting of age, work experience, education level, department,
performance score, and performance category. The expert system
created has eleven inference rules with five assessment categories,
namely Poor, Average, Good, Very Good, and Special. The rules are
prepared based on the results of consultation with experienced HR
practitioners. The Certainty Factor method is used to determine the
level of confidence of the system in classifying employee performance
in conditions that have an element of uncertainty. The results showed
that the system could produce a combined CF value between 0.46 and
0.84 on several employee profiles. In addition, the system also
obtained an accuracy level of 82% in accordance with expert
research. Based on these results, the Certainty Factor-based expert
system can be used as a decision support in a more structured and
data-based employee performance evaluation process.
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1. Introduction

In an increasingly competitive global landscape, human resource management has emerged as a
fundamental determinant of organizational success. Employee performance evaluation is a systematic
process designed to measure an individual's contribution to organizational goals on a regular basis. An
effective evaluation system not only provides an accurate representation of employee productivity but also
serves as a basic basis for strategic decision-making regarding promotion, career development, and
remuneration planning. Therefore, an organization's ability to objectively and consistently assess employee
performance is inseparable from their capacity to maintain long-term competitiveness and operational
efficiency.

Despite its strategic importance, many organizations continue to rely on manual and subjective
evaluation approaches. Assessments that rely entirely on managerial assessments without the support of
structured data introduce a significant risk of bias and injustice. [1] argues that performance appraisals
based on subjective perceptions often fail to reflect the actual contributions of employees and can produce
adverse effects on work motivation and organizational commitment. This situation underscores the urgent
need for a more systematic, consistent, and data-driven approach to the performance evaluation process one
that can reduce human bias while improving the reliability and interpretability of assessment results.

Advancements in artificial intelligence technology have opened up considerable opportunities to
automate and improve the performance evaluation process through the application of expert systems.
Expert systems are computer-based systems designed to represent expert knowledge and apply it to solve
problems in a specific domain [2]. Such systems have shown effectiveness in a variety of domains,
including human resource management, where their capacity to encode institutional knowledge into a
reproducible rule-based inference process allows for objective and auditable decision-making. In this study,
the Certainty Factor (CF) method originally developed by Shortliffe and Buchanan (1975) [3] was adopted
as an inference mechanism, given its well-established ability to represent the uncertainties inherent in
expert judgment numerically and to produce measurable and interpretable decisions.

This study aims to design and implement a CF-based expert system for employee performance
evaluation by utilizing HR Analytics data as a foundation of empirical knowledge, and to measure the
system's confidence level in generating performance classifications. From a theoretical point of view, this
research contributes to the development of expert systems models in the domain of human resource
management. From a practical perspective, these findings serve as a reference for organizations looking to
build an objective, consistent, and data-driven performance evaluation system. This dual contribution
theoretical enrichment and practical application positions this research as a relevant and timely effort to
bridge the gap between computational intelligence and evidence-based HR practices.

Research at the intersection of expert systems, performance evaluation, and HR analysis has grown
rapidly over the past decade, reflecting a broader shift towards data-driven and computing-assisted
decision-making in human resource management. Fundamental contributions in this domain establish that
rule-based expert systems are capable of encoding complex multi-criteria assessment processes into a
systematic inference framework that results in consistent and auditable recommendations a property that is
invaluable in the context of high-risk HR where transparency and objectivity are paramount.

A large amount of empirical work has examined the application of the Certainty Factor method as an
inference mechanism in expert systems designed for personnel-related tasks. [4] developed a CF-based
expert system to identify employee personality types, showing that the method effectively represents the
uncertainties inherent in character assessment and generates reliable recommendations for personnel
placement decisions [5]. Their findings set an important precedent for applying CF in the context of
nondiagnostic HR, expanding the application of the method beyond its original medical domain. Similarly,
[6] implemented CF in a web-based expert system for computer network troubleshooting, confirming that
the method produces conclusions consistent with high accuracy when applied to multi-variable linguistic
inputs [7].
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While this study addresses the technical domain rather than HR, its findings confirm the methodological
robustness of CF-based inference under conditions of uncertainty analogous to those encountered in
performance classifications. Complementary research by [8] investigated a Forward Chaining-based expert
system for employee contract evaluation, showing that rule-based systems produce more objective
recommendations and substantially reduce reliance on subjective managerial judgments [9]. This
contribution reinforces the broader theoretical argument that structured knowledge representation
architectures whether CF-based or forward chaining out perform unstructured human judgment in the
context of personnel decisions characterized by multiple interacting variables. Furthermore, [10] conducted
a comparative analysis of data mining applications for predicting the quality of employee performance,
concluding that rule-based classification approaches consistently result in more accurate performance
classifications than single-method approaches that lack explicit knowledge representations [11]. These
findings directly inform the architectural choices made in this study.

More broadly, the HR Analytics literature has progressively established that data-driven approaches to
performance management generate more reliable and actionable insights than traditional evaluation
methods. [12] define HR Analytics as the application of systematic analytical processes and methodologies
to HR data for the purpose of supporting strategic decision-making [13], a definition that includes the type
of data-driven expert system architecture developed in this study. The convergence of expert systems
technology and HR Analysis represents an underexplored methodological frontier, especially with respect
to the application of CF as a mechanism for measuring evaluative uncertainty across multi-dimensional
employee performance profiles. The study addresses this gap by operationalizing CF in a knowledge base
derived from empirical HR data, validated through structured expert elicitation an approach that integrates
the epistemological power of computational intelligence and domain expertise.

2. Research Methodology

The study adopts an applied research approach that uses systems development methods, designed to
generate functional expert system artifacts based on empirical HR data and validated through expert
consultation. The research design is descriptive-quantitative, where the knowledge base of the expert
system is derived from empirical data patterns and then validated by experienced HR practitioners. This
design is appropriate given the dual purpose of the study to establish a technical operational system and
empirically assess the accuracy of its classification against recognized expert benchmarks.

The dataset used in this study was taken from the HR Analytics repository consisting of 791 employee
records. The dataset included six main variables: age (ranging from 20 to 59 years), work experience (1 to
39 years), education level (categorized as High School, Bachelor's, Master's, and PhD), departmental
affiliation (Sales, Technology, Finance, and HR), performance score (on a scale of 1 to 10), and
performance category. The distribution of performance categories in the dataset is detailed in Table 1.
Notably, the Poor category made up the largest proportion with 31.4% of the total records, while Very
Good represented only 11.1%, indicating a class imbalance that carries implications for system design and
evaluation sensitivity.

Table 1. Performance Category Distribution in HR Analytics Datasets

Performance Number of Percentage Performance
Categories Employees (%) Score
Awesome 88 11.1% 9-10
Excellent 149 18.8% 7-8

Good 156 19.7% 7-8
Average 150 19.0% 5-6

Poor 248 31.4% 1-4
Quantity 791 100%
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The input variables used in building the knowledge base are operationalized as follows: (1) attendance
rate, expressed as the percentage of employee attendance during the evaluation period; (2) productivity
score, a numerical value that measures employee work output; (3) supervisor evaluation score, on a scale of
1 to 10; and (4) job satisfaction level, expressed as a percentage that reflects self-reported employee
satisfaction. These four variables collectively function as antecedent conditions in a rule-based inference
framework, while the output variables are performance categories—classified as Poor, Average, Good,
Very Good, or Excellent.

The research was conducted through six systematic phases: (1) data collection and pre-processing of HR
Analytics data sets; (2) knowledge gathering through structured interviews with experienced HR
practitioners; (3) representation of knowledge in the form of IF-THEN production rules; (4) the
implementation of CF-based inference engines; (5) testing and validation of the system against expert
assessment; and (6) analysis of results and formulation of conclusions. This sequential, iterative
methodology ensures that each phase informs the next, resulting in a coherent and empirically based system
architecture.

The expert system architecture consists of three functional layers. The data acquisition layer receives
input values for attendance, productivity, evaluation scores, and job satisfaction. The inference layer
processes these inputs through a CF-based knowledge base, matching the input profile to the rule antecedent
and calculating the confidence value for each applicable rule. The output layer generates classified
performance categories in addition to the corresponding final CF values, providing categorical decisions
and quantitative confidence indicators. The workflow continues from employee data input, through rule
matching and individual CF calculations for each enabled rule, to a combination of repeated CF values until a
final composite confidence score is obtained as the basis for classification. The Certainty Factor method,
introduced by [8], provides an inferential mechanism for measuring confidence under uncertainty. The
basic CF formula is expressed as:

CF(H, E) = MB(H, E) - MD(H, E)
Where MB (Measure of Trust) represents the level of confidence in hypothesis H provides evidence E,

and MD (Measure of Trust) represents the appropriate level of trust. When multiple pieces of evidence
support the same hypothesis, CF values are repeatedly combined according to:

CF_comb(CF1, CF2) = CF1 + CF2 x (1 - CF1), if CF1 >0and CF2 >0 CF_comb(CF1, CF2) = CF1
+CF2 x (1+ CF1), if CFL<0and CF2<0

The final system CF is derived by multiplying the expert CF (CF_E), assigned by the HR practitioner for
each rule, by the user CF (CF_U), provided by the operator based on field observations:

CF_final =CF_E xCF_U
CF values that exceed the 0.2 threshold are considered significant in supporting the hypothesis of a
particular performance category. The final classification is determined by selecting a hypothesis that

corresponds to the highest composite CF value, ensuring that the system output reflects the most strongly
supported performance category given the totality of the observed evidence.
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3. Results and Discussion

The knowledge base is built through structured elicitation with two experienced HR practitioners who
specialize in performance management. This process results in eleven core inference rules, presented in
Table 2, each specifying antecedent conditions, consequence performance categories, and CF values set by
experts that reflect the practitioner's level of confidence in the validity of the rule. The set of rules covers
the full spectrum of performance categories and discusses operational indicators attendance and
productivity and evaluative indicators supervisor ratings and job satisfaction thus ensuring comprehensive
coverage of performance construction. This approach is consistent with the conclusion of [14] that
structured rulebased classification architectures produce more accurate performance outcomes than
methods that do not have explicit knowledge representations.

Table 2. Expert System Knowledge Base Rules for Performance Evaluation

Rules Condition 1 (IF) Condition 2 Output CF Rules Category
(AND) (LATER)
RO1  Attendance > 95% Productivity > 85 Awesome 0.90 Awesome
R0O2  Attendance > 90% Productivity > 75 Good 0.80 Good
R0O3  Attendance > 80% Productivity > 65 Average 0.70 Average
R04  Audience< 80% Productivity < 65 Poor 0.60 Poor
RO5 Eval. Score >8 Satisfaction > 80% Awesome 0.90 Awesome
RO6  Wait.>88% & Eval. 7-8  Satisfaction 70— 84% Excellent 0.82 Excellent
RO7  Eval. Score 6-7 Satisfaction 60— 79% Good 0.80 Good
RO8  Eval. Score 4-5 Satisfaction 40— 59% Average 0.65 Average
RO9  Eval. Score <4 Satisfaction< 40% Poor 0.55 Poor
R10 Wait.>90% & Eval. >8  Satisfaction > 80% Awesome 0.92 Awesome
R11  Wait.<80% & Eval. <4  Satisfaction< 40% Poor 0.85 Poor

Rules R0O1 through R04 focus on the operational dimension of performance, incorporating attendance and
productivity scores as key indicators of contribution in the workplace. Rules R05 and R10 define the
Excellent category through the convergence of high supervisor evaluation scores and strong job satisfaction,
reflecting the evaluative dimensions of peak performance. The R06 rule captures the Excellent category
through composite conditions involving above-average attendance, medium to high evaluation scores, and
favorable satisfaction levels. Rules RO7 through R09 are based on evaluative indicators supervisor ratings and
job satisfaction—to classify intermediate and below-average performance. The R10 and R11 rules represent
composite rules that integrate the three variables simultaneously, resulting in decisions on the performance
extremes with the highest CF values set (0.92 and 0.85 respectively), thus reflecting the highest practitioner
confidence in the case of multi-condition limits.

To illustrate the inferential process, a work example is presented for employee EO001, whose
observation data and corresponding CF values are detailed in Table 3. This example shows how multiple
enabled rules contribute to a single composite confidence score through repeated CF combinations.

Table 3. Observational Data for EO01 Employees and Corresponding CF Values

Variabel Observed Values CF Users (CF_U) CFRules(CF_E)
Attendance 92% (> 90%) 0.80 0.80
Productivity 78 (> 75) 0.75 0.80

Evaluation Score 7 (ranges 6-7) 0.70 0.80
Job Satisfaction 65% (range 60—79%) 0.65 0.80

Based on the data presented in Table 3, Rule R02 is activated (92% attendance > 90%,; productivity 78 >
75). The CF calculation for RO2 continues as follows:
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CF _stepl = CF_E x CF_U = 0,80 x 0,80 = 0,64

The RO7 rule is activated simultaneously (evaluation score of 7 in the range of 6-7; 65% satisfaction in
the range of 60—-79%):

CF _step2 = CF_E x CF_U = 0,80 x 0,70 = 0,56

Since both rules point to the same hypothesis (the Good category), the CF values are combined repeatedly:

CF_kombinasi = 0,64 + 0,56 x (1 — 0,64) = 0,64 + 0,2016 = 0,84

A final CF value of 0.84 indicates a high level of system confidence that EO01 employees fall into the
category of Good Performance, a classification consistent with the actual labels set in the dataset. These
results demonstrate the system's capacity to converge on accurate classifications through a structured
accumulation of partial evidence a property that distinguishes CF-based inference from binary classification
methods. System-level evaluations were performed on a randomly selected sample of 50 employees. The
results for the five representative employees are presented in Table 4, illustrating the distribution of CF
values across performance categories.

Table 4. Results of Expert System Evaluation Based on Certainty Factors

ID Attendance Productivity Eval. Score Satisfaction Category (CF)
E001 92% 78 7 65% Good (CF=0.84)
E002 97% 88 9 82% Excellent (CF =0.77)
E003 74% 60 3 35% Poor (CF=0.47)
E004 85% 70 . 55% Average (CF=0.46)
E005 91% 82 8 78% Excellent (CF=0.69)

Across a sample of 50 employee evaluations, the system correctly classified performance categories for
41 individuals, resulting in an overall decision accuracy of 82% against expert benchmark assessments. The
mean value of CF in all cases evaluated was 0.61, with values ranging from 0.46 to 0.84. This level of
accuracy aligns closely with the implementation of comparable expert systems in the HR context,
reinforcing the practical feasibility of CF-based inference for performance classification tasks. Analysis of
variable contribution revealed that supervisor evaluation scores and attendance rates exerted the most
significant influence on the composite CF values generated by the system. These findings are theoretically
consistent with the established performance management literature, which identifies supervisory
assessments and behavioral indicators such as presence as the primary determinants of evaluated
performance outcomes [5]. Furthermore, this corroborates the conclusions of [15], who show that fact-based
rule systems produce more objective and reproducible recommendations compared to conventional
managerial assessments.

The distribution of CF values across performance categories deserves additional analytical attention.
Employees classified as Excellent consistently produce CF values exceeding 0.65, reflecting the
convergence of several high-confidence rules and the strengthening effect of composite rule activation. In
contrast, employees classified as Poor produce CF values in the range of 0.47 to 0.55, indicating relatively
greater residual uncertainty. This pattern is theoretically expected: the middle categories especially Average
and Poor occupy regions of the performance continuum where boundary conditions are poorly defined,
resulting in a more ambiguous evidence profile and consequently lower confidence accumulation.

& https://joinforcs.iastinsitute.com 104


https://joinforcs.iastinstitute.com/index.php/Joinforcs/index
https://joinforcs.iastinsitute.com/
https://joinforcs.iastinsitute.com/

Joinforcs: Journal of informatics and information system

Volume 1, (3) 2026, p. 99-107

E-ISSN : XXXX-XXXX

©2026. The Author(s). This is an open acces article under cc-by-sa

The inherent continuous nature of real-world performance data means that sharp categorical
boundaries will inevitably result in cases where the available evidence supports multiple hypotheses
adjacent to similar CF quantities. In such cases, the system correctly identifies the dominant hypothesis
while signaling through the CF value that the classification brings greater epistemic uncertainty.

In addition, the class imbalances observed in the dataset where the Poor category makes up 31.4% of the
records while the Excellent category accounts for only 11.1% —represents a structural characteristic that
requires consideration in future system development. The current rule-weighting scheme, which stems from
expert elicitation rather than statistical optimization of the dataset, may indicate a decrease in sensitivity to
minority categories such as Excellent. These limitations are consistent with the challenges documented in
the broader literature on machine learning-based maintenance predictions, where unbalanced datasets
systematically bias the model against majority-class predictions unless explicitly addressed through
resampling or algorithmic adjustment [13].

Future iterations of the system will benefit from the integration of data resampling techniques or
differential rule weighting strategies to improve classification sensitivity across all performance categories.
The practical implications of this finding are quite large. The 82% accuracy rate, achieved through
transparent and interpretable rules-based mechanisms, represents a significant improvement over
unstructured subjective assessments while maintaining adequate explanations for operational
implementation in the context of the organization's HR. Unlike black-box machine learning classifiers, CF-
based expert systems provide HR practitioners with categorical decisions and measurable trust measures,
allowing for automatic calibration of recommendations against contextual organizational knowledge. This
property of interpretability is particularly valuable in sensitive personnel decisions such as promotion
eligibility or performance improvement planning where decision transparency and auditability are legally
and ethically required. The integration of the Certainty Factor framework in the knowledge base informed
by HR Analytics thus represents a methodologically sound and practically feasible approach to evidence-
based performance evaluation.

4. Conclusion

This research successfully designed and implemented an expert system for employee performance
evaluation using the Certainty Factor method, based on an empirical HR Analytics dataset of 791 employee
records. The system classifies employee performance in five categories Excellent, Excellent, Good,
Average, and Poor achieving 82% decision accuracy compared to the assessment of expert HR
practitioners. The Certainty Factor method shows its effectiveness in representing the uncertainties inherent
in the performance evaluation process, resulting in measurable and interpretable confidence values with a
combined CF ranging from 0.46 to 0.84 across diverse employee profiles. The supervisor's evaluation score
and attendance rate emerged as the most decisive variables in the system's inferential process, while
composite rules integrating three simultaneous conditions resulted in the highest practitioner confidence
levels, resulting in CF values of 0.92 and 0.85 in the extreme performance category.

The findings of this study carry both theoretical and practical significance. Theoretically, this research
contributes to the development of expert systems models in the domain of human resource management,
showing that CF-based inference can be effectively operationalized in the HR Analytics knowledge
architecture to produce consistent, objective, and measurably uncertain classification of performance. The
integration of empirical data with practitioner expertise operationalized through the elicitation of structured
knowledge and expert-assigned CF values represents a methodological contribution that bridges
computational intelligence and evidence-based HR practices. In practical terms, the 82% accuracy rate,
combined with the interpretability and transparency inherent in the system, validates the approach as a
viable decision-support instrument for an organizational context where objectivity, consistency, and
auditability of performance appraisals are organizational imperatives.

Nevertheless, some of the limitations of current implementation require recognition and should inform
direction for future research. Class imbalances observed in the dataset particularly the lack of representation
of the Excellent category can limit the system's sensitivity to minority performance classes. Therefore,
future work should explore the integration of resampling techniques or adaptive rule weighting mechanisms
to improve classification performance across all categories.
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In addition, the knowledge base currently operates on four input variables, which, although empirically
based, represent part of the multidimensional construction of employee performance. Extending the system
to incorporate additional HR Analytics dimensions such as employee engagement indicators, training
participation records, and cross-functional collaboration metrics will increase the descriptive richness and
predictive power of the system.

The development of a hybrid CFFuzzy Logic architecture is a very promising avenue to overcome the
ambiguity of categorical boundaries identified in intermediate performance classifications. In addition,
cross-sectoral validation of the system on datasets drawn from diverse industry contexts will strengthen the
generalization of the findings. Finally, the development of a real-time web-based interface will facilitate
practical implementation by HR managers, enabling continuous, data-driven performance monitoring at
scale. These recommendations collectively describe a research agenda oriented towards the development of a
more adaptive, inclusive, and organizationally responsive expert system for human resource performance
management.
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