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Abstract

Under resource constraints, technology-based SMEs are highly sensitive to the return on training
investment. This study analyzes the impact of different training strategies on employee performance,
focusing on the relationship between skills gap and training effectiveness. Based on skills assessment,
training records, and performance appraisal data of 2,784 technical personnel in a technology-based
SME, a skills gap index was constructed, and two types of investment methods were distinguished:
general training and job-oriented training. A multiple regression model was used to analyze the
relationship between training duration and performance changes. The results show that
implementing job-oriented training for employees with skills gaps in the upper quartile resulted in
an average performance score improvement of 0.21 standard deviations, while the improvement
from general training was less than 0.06. The research results provide a quantitative basis for SMEs
to optimize the allocation of training resources.

Keywords: skills gap; return on training; technology-based SMEs; multiple regression; human
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1. Introduction

Technology-intensive small and medium-sized enterprises (SMEs) operate in environments
characterized by rapid technological change, compressed product life cycles, and continuous
upgrading of production and service processes [1]. In such settings, the alignment between employee
skills and job requirements is inherently dynamic. Skill mismatches may emerge quickly as
technologies evolve, standards shift, and customer expectations increase. When capability gaps
accumulate without timely adjustment, they can directly constrain productivity, innovation output,
and operational reliability. International labor market analyses consistently indicate that a substantial
share of the workforce will require reskilling or upskilling in analytical, digital, and problem-solving
domains in the coming years [2,3]. Strategic human resource leadership research further emphasizes
that data-driven skill diagnostics and targeted capability development are central to sustaining
competitiveness under technological turbulence [4]. For SMEs, these pressures are intensified by
limited financial slack, smaller internal labor markets, and lean management structures. Training
expenditures are therefore often evaluated in terms of short-term and observable returns rather than
long-term capability accumulation, creating a tension between immediate performance demands and
sustained human capital development [5,6].

The relationship between training investment and performance has been widely examined, yet
empirical conclusions remain inconclusive [7]. Firm-level studies frequently report positive
associations between employer-provided training and productivity, suggesting that accumulated
training inputs can enhance organizational output [8,9]. However, effect sizes vary substantially
across industries, technological intensity levels, and firm sizes. Reviews of empirical research note
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that estimated training returns are highly sensitive to measurement strategies, including how training
intensity, duration, and content are operationalized, as well as how performance outcomes are
defined [10]. Variations in data sources, econometric specifications, and observation windows often
produce inconsistent findings. These challenges are particularly salient in SMEs, where training
participation is selective rather than universal, and where a small number of employees may account
for a disproportionate share of training hours [11,12]. Human resource management research has
increasingly shifted attention toward the conditions under which training translates into improved
job performance. Evidence suggests that training aligned with clearly identified skill needs is more
likely to generate measurable gains than undifferentiated or compliance-driven programs [13].
Studies on training transfer emphasize that the opportunity to apply newly acquired skills in daily
tasks is critical for realizing performance improvements [14]. When training content is weakly
connected to actual job requirements, performance effects tend to be modest, even if participation
rates are high. These findings underscore the importance of distinguishing between broadly
applicable general training and training that is closely linked to specific positions, technologies, or
task structures. In technology-oriented SMEs, where job roles are often specialized and project-based,
such distinctions may be particularly consequential. Despite growing interest in training
effectiveness, several limitations persist in the existing literature, especially in studies focusing on
SMEs. A common issue is the reliance on indirect or self-reported proxies for skill levels, such as
education attainment or tenure, which do not capture concrete capability gaps at the task level [15,16].
Without direct measurement of required and actual competencies, it is difficult to assess whether
training addresses real mismatches or merely supplements already adequate skills. Another
limitation concerns the aggregation of training inputs into total hours or participation indicators
without differentiating training content, objectives, or relevance [17]. This practice may obscure
heterogeneous effects across training types. In addition, many empirical analyses rely on relatively
small samples or short observation periods, limiting the ability to detect variation across employees
with different baseline skill profiles or to identify non-linear relationships between training intensity
and performance change. A further gap relates to the interaction between initial skill gaps and
training type. Employees with larger capability deficits may benefit differently from training
compared with those whose skills already closely match job requirements. General training may
broaden knowledge but fail to address specific operational deficiencies, whereas position-oriented
training may directly reduce task-related gaps. However, systematic evidence comparing these
effects within resource-constrained, technology-intensive SMEs remains limited. The absence of
detailed skill-gap measurement and matched performance data has restricted the capacity of prior
research to clarify how training effectiveness varies across employees and contexts [18].

Against this background, the present study examines the relationship between skill gaps,
training type, and performance outcomes in a technology-oriented SME operating under resource
constraints. Using matched data on skill assessments, detailed training records, and performance
evaluations for 2,784 technical employees, a skill-gap index is constructed to quantify the distance
between current competencies and job-specific requirements at the task level. Training inputs are
classified into general training and position-oriented training to reflect differences in relevance to
daily work. Multivariate regression models are employed to estimate the association between
training duration and subsequent performance changes, with explicit modeling of heterogeneity
across different levels of initial skill gaps. By integrating direct measurement of capability
mismatches with differentiated training categories, this study provides clearer evidence on how
targeted training strategies can enhance performance in technology-intensive SMEs. The findings
contribute to the literature by linking skill-gap diagnostics with training design and by offering
quantitative guidance for firms seeking to allocate limited training resources more effectively under
rapid technological change.
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2. Materials and Methods

2.1. Sample and Study Context

The analysis is based on personnel records from a technology-oriented small and medium-sized
enterprise in the software and applied engineering sector. The final sample includes 2,784 technical
employees who remained in the same job role throughout the observation period and had complete
records for skill assessment, training participation, and performance evaluation. The workforce
covers software developers, system engineers, data analysts, and technical support staff, all operating
under a unified job classification and appraisal system. The firm is subject to typical SME constraints,
including limited training budgets and project-driven workloads, which makes training decisions
closely tied to short-term operational needs. Employees with incomplete records or major job changes
during the study period were excluded to maintain consistency in performance comparisons.

2.2. Training Design and Control Structure

Training activities were arranged by the human resource department based on annual skill
assessment results and operational requirements. Employees who participated in formal training
during the study period were assigned to the treatment group, while those without any training
records formed the control group. Within the treatment group, training was classified into general
training and position-oriented training according to course content and training objectives. General
training focused on broadly applicable skills such as programming fundamentals, project
coordination tools, and technical communication. Position-oriented training targeted task-specific
skills directly related to the employee’s current position. This classification allows training effects to
be compared under different levels of task relevance. All employees, including those in the control
group, were evaluated using the same performance appraisal framework.

2.3. Measurement Procedures and Quality Control

Employee skill levels were measured using standardized internal assessments conducted
annually by the firm. These assessments combined technical tests, task-based evaluations, and
supervisor ratings, each linked to role-specific competency standards. Training participation data
were obtained from the firm’s learning management system and included information on training
type, duration, and completion status. Performance outcomes were measured using standardized
performance scores derived from annual evaluations, which integrate indicators of work output, task
quality, and project contribution. To ensure data accuracy, records with missing values or internal
inconsistencies were removed. Assessment criteria and evaluation procedures remained unchanged
during the study period, reducing variation caused by procedural adjustments.

2.4. Data Processing and Model Specification

All variables were cleaned and standardized prior to analysis. A skill gap index was calculated
as the standardized difference between required competency levels for a given position and the
observed skill scores of each employee. Training input was measured as the total number of training
hours completed during the observation period. The association between training and performance
change was estimated using multivariate regression models with controls for demographic and job-
related characteristics. The baseline specification is given by:

AP=a+B, Ti+B, Gi+B, (Tix G+ Xjy+g;

whereAP; represents the standardized change in performance for employee i, Tidenotes training
duration, G; denotes the skill gap index, and X; is a vector of control variables. Additional
regressions were estimated separately for different quartiles of the skill gap distribution to assess
differences in training effects across employee groups.
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2.5. Robustness and Validation Procedures

Several checks were conducted to assess the stability of the results. Alternative model
specifications were estimated using transformed measures of training duration and performance to
test sensitivity to scale choice. Observations in the extreme tails of the performance distribution were
removed to evaluate the influence of outliers. Separate regressions were also performed for general
training and position-oriented training to confirm the consistency of estimated effects.
Multicollinearity was assessed using variance inflation factors, and heteroskedasticity-robust
standard errors were applied in all models. These procedures support the reliability of the estimated
relationships between skill gaps, training type, and performance outcomes.

3. Results and Discussion

3.1. Descriptive Results and Baseline Differences Across Skill-Gap Groups

The distribution of the skill-gap index exhibited a clear upper tail, indicating a limited but
relevant group of employees with marked mismatch between required and observed skills. Training
participation differed across skill-gap levels, with employees facing larger gaps more frequently
assigned to position-oriented programs than to broad courses. This allocation pattern reflects
common practice in small firms, where training resources are often directed toward areas with
immediate operational relevance rather than evenly distributed across the workforce. Similar
patterns have been documented in recent empirical work on small and medium-sized enterprises,
showing that training-related adjustments tend to be more pronounced when firms operate under
tight resource constraints and short planning horizons [19]. Figure 1. Heterogeneous effects of
training support by firm size.
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Figure 1. Distribution of training effects by firm size, illustrating differences in performance outcomes associated

with training support in small and medium-sized enterprises.
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3.2. Main Effects of Training Type on Performance Change

Regression results showed that the type of training was more strongly associated with
performance change than the total number of training hours. Among employees in the highest skill-
gap quartile, position-oriented training corresponded to an average performance increase of 0.21
standard deviations, while the estimated effect of general training remained below 0.06 standard
deviations. This difference suggests that training closely linked to current job tasks is more likely to
translate into short-term performance improvements captured by formal evaluations. By contrast,
general training may contribute to broader capability development, but its effects are less visible
within limited evaluation periods. Related firm-level studies also report that measured training
returns vary widely depending on how training inputs are structured and how performance
outcomes are defined [20,21].

3.3. Skill-Gap—Dependent Returns and Plausible Mechanisms

Further analysis revealed a clear gradient in training effects across skill-gap levels. The
association between training duration and performance change strengthened with increasing skill
gaps for position-oriented training, whereas no comparable pattern was observed for general training.
This result suggests that targeted training is most effective when it directly addresses constraints that
limit daily task execution. When a specific deficiency is reduced, employees can apply newly
acquired skills immediately, leading to measurable performance changes. This interpretation is
consistent with mechanism-based research on on-the-job training, which emphasizes the importance
of task relevance, opportunities for application, and feedback in shaping performance outcomes [22].
Figure 2. Conceptual pathway from on-the-job training to employee performance through training
design and individual factors.
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Figure 2. Conceptual framework linking on-the-job training design to employee performance through skill

alignment and application mechanisms.

3.4. Comparison with Existing Evidence and Implications for SME Practice

Compared with studies that treat training as a single aggregated input, these results highlight
the value of distinguishing training by task relevance and conditioning expected returns on initial
skill gaps. The stronger short-term gains associated with position-oriented training among high-gap
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employees are consistent with broader evidence showing that training effects depend on firm context,
training design, and workforce composition. Prior research on small firms indicates that well-
targeted training can yield higher efficiency when resources are limited and production demands are
immediate [23]. At the same time, evidence linking training to productivity growth suggests that
broader training may generate benefits over longer horizons, especially when firms adjust job design
to make better use of expanded skill sets [24]. From a practical perspective, the findings point to a
differentiated training strategy for technology-oriented SMEs: prioritize position-oriented training
for employees with substantial skill gaps to achieve short-term performance gains, while allocating
general training more selectively as a longer-term capability investment.

4. Conclusion

This study analyzes the relationship between employee skill gaps, training design, and
performance outcomes in a technology-oriented small and medium-sized enterprise operating under
resource constraints. Based on linked records of skill assessments, training participation, and
performance evaluations, the results show that the effectiveness of training varies with task relevance
and initial skill mismatch. Position-oriented training is associated with clear short-term performance
improvement among employees with large skill gaps, whereas general training shows limited effects
within the same evaluation period. By measuring skill gaps directly and separating training by
purpose, the analysis avoids treating training as a uniform input and clarifies why performance
responses differ across employees. These findings add to existing research on human capital and
workplace training by showing that variation in training returns follows identifiable patterns related
to job requirements. In practical terms, the results suggest that small and medium-sized enterprises
can improve training efficiency by focusing resources on closing role-specific skill deficits while using
general training mainly for longer-term capability development. The study has several limitations.
The data are drawn from a single firm, which may restrict broader applicability, and performance
outcomes are observed over a limited time span. Future work could apply the same framework to
multiple organizations, longer observation periods, and alternative performance indicators to assess
the durability and wider impact of skill-focused training strategies.
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