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Abstract:  

Background: Laboratory reliability is the cornerstone of clinical decision-making and patient safety. This study 

aimed to evaluate compliance with quality standards among medical laboratory practitioners and analyze the 

demographic and institutional factors influencing analytical performance. Methods: A cross-sectional analytical 

design was employed, involving 186 practitioners (N=186). A validated survey instrument assessed compliance 

across pre-analytical and analytical phases. Advanced statistical tests, including Chi-square (X2) and Spearman’s 

correlation (rs), were applied to identify compliance predictors and systemic barriers. Results: The findings 

revealed a distinct "quality paradox." Practitioners demonstrated high compliance in pre-analytical protocols, 

with 88.7% for patient identification and 93.5% for sterile tool usage. Conversely, a significant analytical gap 

emerged, as only 41.9% consistently executed daily Internal Quality Control (IQC). Inferential analysis identified 

a strong, highly significant positive correlation between educational attainment and protocol adherence (p=0.009). 

Alarmingly, 61.3% of the cohort lacked formal training in the past year. Excessive workload (43.5%) and resource 

scarcity were identified as the primary institutional barriers. Conclusion: The study underscores that individual 

diligence cannot compensate for the lack of automated safeguards and institutionalized training. We advocate for 

a paradigm shift from manual surveillance to quality automation and the integration of mandatory Continuing 

Medical Education (CME) into professional licensure. Bridging the analytical gap requires structural reforms to 

ensure laboratory reliability remains independent of daily operational pressures. 
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Introduction 

The modern healthcare landscape is fundamentally anchored by the diagnostic precision of clinical laboratories, 

where it is widely recognized that approximately 70% of clinical pathways are dictated by laboratory-generated 

data. In an era defined by rapid technological integration and personalized medicine, the adherence to rigorous 

Quality Management Systems (QMS) specifically the ISO 15189 and ISO/IEC 17025 standards has transitioned 

from an optional hallmark of excellence to an absolute ethical and operational imperative (Smith & Johnson, 

2023). Ensuring the reliability of these results is not merely a technical challenge but a cornerstone of patient 

safety, as any deviation in the analytical phase can lead to catastrophic diagnostic errors and systemic healthcare 

inefficiencies (Gomez, 2024). 
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However, the journey toward universal quality compliance remains unevenly distributed across the globe. While 

developed nations have institutionalized quality through stringent accreditation bodies, developing healthcare 

sectors particularly those in transitional economies grapple with a multifaceted set of barriers. These range from 

chronic resource scarcity to the absence of a pervasive "Quality Culture" among laboratory personnel (Al-Faitouri 

& Brown, 2022). In the Libyan context, this struggle is amplified by a decade of institutional fragmentation and 

a fragile supply chain, which have collectively hindered the consistent implementation of International Quality 

Standards. Despite the presence of highly skilled professionals, the lack of centralized regulatory enforcement and 

standardized External Quality Assurance (EQA) programs has left the sector in a state of procedural variability 

(Salem et al., 2021). Current literature often highlights the theoretical necessity of quality, yet there remains a 

profound "implementation gap" within Libya’s public and private diagnostic facilities. Most existing studies focus 

on isolated technical failures rather than the systemic organizational behavior that dictates long-term compliance 

(Miller & Hassan, 2023). This research seeks to bridge that gap by providing a comprehensive critical assessment 

of quality standard adherence within Libyan laboratories. By dissecting the structural, financial, and educational 

impediments to accreditation, this study aims to move beyond mere description. It proposes a localized strategic 

framework designed to align Libyan laboratory practices with global benchmarks, ensuring that diagnostic outputs 

are not only accurate but also internationally defensible (Taylor, 2022). The discourse surrounding laboratory 

quality standards has evolved significantly over the last decade, transitioning from basic internal controls to 

integrated management systems. Globally, research has consistently demonstrated that the implementation of ISO 

15189 serves as a catalyst for reducing clinical risk. For instance, studies conducted in advanced healthcare 

systems emphasize that accreditation is not merely a badge of prestige but a structural necessity that correlates 

directly with decreased longitudinal costs and improved diagnostic sensitivity (Anderson & Lee, 2023). These 

findings suggest that the rigorous documentation and calibration requirements inherent in international standards 

act as a preventative barrier against the systemic failures often observed in non-accredited facilities (White et al., 

2022). In the context of developing and transitional health systems, the literature shifts its focus toward the 

socioeconomic and infrastructural prerequisites for quality adherence. Research across emerging economies 

indicates that the primary hurdles are often categorized as "structural" rather than "technical." Studies in similar 

regional contexts have identified that high staff turnover, inconsistent power supply for cold-chain maintenance, 

and the prohibitive cost of imported reagents create a "quality glass ceiling" that many laboratories struggle to 

shatter (Chen & Patel, 2024) Furthermore, the lack of a robust national regulatory framework often leads to a 

fragmented landscape where quality is treated as a voluntary ambition rather than a mandatory baseline (Mbeki, 

2021). Specific to Libya, the body of literature remains relatively sparse but highlights critical areas of concern. 

Preliminary investigations into the North African diagnostic sector suggest that while technical proficiency among 

laboratory scientists is high, the "operational environment" remains the weakest link. Recent reports have 

underscored that Libyan laboratories often operate in silos, lacking a unified National Quality Policy (NQP), 

which leads to significant inter-laboratory variability in test results (Abdessalam & Wright, 2022). Moreover, the 

few studies focused on the Libyan interior have pointed to a critical deficit in External Quality Assurance (EQA) 

participation, leaving many facilities without an objective benchmark to validate their internal findings (El-Hadi, 

2023). By synthesizing these global and local perspectives, it becomes evident that a localized, evidence-based 

strategy is essential to navigate the unique geopolitical and economic challenges facing the Libyan laboratory 

sector. 

Materials and Methods 

Study Design 

 A cross-sectional, descriptive-analytical study was conducted to systematically evaluate the adherence of Libyan 

medical laboratories to established quality assurance protocols and international standards. The data collection 

phase was executed over a three-month period, from January to April 2026. To capture a holistic and 

representative snapshot of the national healthcare infrastructure, the research targeted a highly diverse spectrum 

of diagnostic facilities. Based on the demographic framework of the cohort, the surveyed settings encompassed 

public government hospitals, private diagnostic clinics, university-affiliated medical centers, and rural community 

dispensaries. This stratified, multi-center approach was strategically adopted to account for the structural, 

geographic, and resource heterogeneities inherent within the Libyan healthcare system, thereby ensuring the 

generalizability of the findings across various operational environments and institutional capacities 



114 | Medical Technology Journal of Applied Science (MTJAS)  

 

Sampling and Participants 

 A stratified purposive sampling technique was utilized to recruit a comprehensive cohort of 186 medical 

laboratory professionals (N = 186). The inclusion criteria were strictly defined to encompass active practitioners 

directly engaged in core diagnostic services and daily analytical workflows. To mitigate selection bias and ensure 

a multidimensional assessment of quality practices, data were systematically gathered from a diverse spectrum of 

organizational and professional tiers. Consequently, the participant pool reflected a wide range of expertise, 

spanning from frontline medical laboratory technologists with foundational experience (less than five years) to 

senior laboratory directors and quality supervisors holding postgraduate qualifications (Master's and PhDs) with 

over 15 years of clinical tenure. This inclusive approach ensures that the gathered data authentically encapsulates 

both hands-on bench realities and overarching quality management perspectives (Brown & Taylor, 2024) 

 Data Collection Instrument 

The primary investigative tool was a meticulously structured, self-administered questionnaire, conceptually 

anchored in the rigorous frameworks of the ISO 15189:2022 guidelines. To accurately capture the multifaceted 

nature of the surveyed laboratory operations, the instrument was systematically categorized into five focused 

domains: (1) Sociodemographic and Professional Profiling (capturing age, education, and tenure); (2) Pre-

analytical Vigilance (assessing patient identification accuracy, sterility protocols, and specimen rejection 

criteria); (3) Analytical Phase Compliance (evaluating adherence to equipment calibration, Standard Operating 

Procedures [SOPs], and daily Internal Quality Control [IQC] execution); (4) Institutional Barriers (identifying 

infrastructural and administrative obstacles); and (5) Technical Competence (measuring the frequency of 

continuous professional development and formal training). To validate the structural integrity and linguistic clarity 

of the instrument, a preliminary pilot study was deployed among a focused subset of practitioners (n = 5). 

Subsequent reliability testing yielded a Cronbach’s alpha coefficient of 0.89, confirming a robust degree of 

internal consistency across the survey items (Hassan, 2022). 

Ethical Considerations 

Strict adherence to ethical research standards was maintained throughout the study's lifecycle. Formal ethical 

clearance was granted by the relevant Institutional Review Board (IRB) and National Ethics Committee. Prior to 

initiating data collection, explicit informed consent was obtained from all participating professionals, ensuring 

they were fully apprised of the study's academic objectives and their voluntary right to withdraw at any stage. To 

uphold the highest standards of confidentiality and academic integrity, the dataset was completely de-identified; 

all personal identifiers and specific institutional affiliations were anonymized to eliminate any possibility of 

tracing data points back to individual respondents or diagnostic facilities. 

Statistical Analysis 

Data curation, systematic coding, and comprehensive statistical evaluations were executed utilizing the Statistical 

Package for the Social Sciences (SPSS) software, version 28.0. The analytical framework was strategically 

bifurcated into descriptive and inferential phases. Initially, descriptive statistics comprising frequencies and 

percentages were formulated to profile the demographic landscape and quantify the baseline distribution of quality 

protocol adherence. 

For the inferential phase, non-parametric analytical tests were purposefully selected to accommodate the ordinal 

and nominal nature of the dataset. The Chi-square test of independence (X2) was deployed to detect statistically 

significant variances in compliance levels across different demographic and professional strata. Furthermore, the 

strength and direction of correlational dynamics were evaluated using Spearman’s rank-order correlation (rs) for 

ordinal variables (such as age brackets and educational attainment) and Cramer's V for nominal variables (such 

as gender). The threshold for statistical significance was rigorously established at a p-value of < 0.05 (Miller, 

2023). 
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Results 

Demographic and Professional Profiling of the Cohort 

The analytical cohort for this study comprised 186 practicing laboratory professionals (N=186). Descriptive 

statistics of the demographic variables revealed a clear female predominance, with females constituting 64.5% of 

the workforce compared to 35.5% males. Age distribution indicated a relatively young professional sector; the 

majority of respondents (48.4%) fell within the 26–35 age bracket, followed by the 18–25 demographic at 29.0%. 

Regarding educational attainment, the workforce is primarily driven by bachelor’s degree holders, representing 

45.2% of the sample. This was followed by practitioners with a higher diploma (25.8%) and those holding a 

master's degree (22.6%), while PhD holders accounted for a marginal 6.4%. Notably, an alarming 61.3% of the 

total cohort reported a complete absence of formal, structured training in quality management procedures over the 

preceding year, a critical systemic gap that heavily contextualizes the subsequent compliance findings. 

Table 1: Sociodemographic and Professional Characteristics of the Study Participants (N = 186) 

Variable Category Frequency (n) Percentage (%) 

Gender Female 

Male 

120 

66 

64.5% 

35.5% 

Age Group 18 – 25 years 

26 – 35 years 

> 35 years 

54 

90 

42 

29.0% 

48.4% 

22.6% 

Educational Attainment Bachelor’s Degree 

Higher Diploma 

Master’s Degree 

PhD 

84 

48 

42 

12 

45.2% 

25.8% 

22.6% 

6.4% 

Formal Quality Training 

(Past 12 Months) 

Yes (Received in past year) 

No (Did not receive) 

72 

114 

38.7% 

61.3% 

 

Descriptive Assessment of Quality Protocol Adherence 

To evaluate the practical application of quality standards on the laboratory floor, we analyzed the compliance 

frequencies across various operational phases. The data exposed a distinct dichotomy between pre-analytical 

vigilance and analytical routine execution: 

Patient Identification and Contamination Control: Compliance peaked during the initial pre-analytical phases. A 

substantial 88.7% of practitioners reported that they consistently ("Always") verify patient identities and cross-

check sample labels prior to processing. Furthermore, 93.5% demonstrated strict adherence to basic sterility by 

invariably utilizing new, sterile tools and tubes to mitigate the risk of contamination. However, routine sanitation 

practices showed concerning lapses; only 53.2% strictly adhered to cleaning workspaces and calibrating 

equipment with disinfectants between individual samples ("Always"), while 29.0% did so "Often," and the 

remaining 17.8% exhibited irregular compliance ("Sometimes" or "Rarely"). 

Management of Non-Compliant Specimens: Regarding the handling of compromised or invalid samples such as 

those presenting with visible hemolysis, micro-clots, or insufficient volume the analysis revealed a stringent 

adherence to pre-analytical quality protocols among a significant portion of the cohort. Specifically, 71.0% of the 

practitioners consistently ("Always") rejected inadequate samples and meticulously documented the specific 

causes of rejection in the laboratory logs. Conversely, the remaining 29.0% exhibited variability in their 

compliance, fluctuating between "Often" and "Sometimes," underscoring a critical gap in standardized rejection 

protocols. 

Internal Quality Control (IQC) Execution: Running daily IQC is the bedrock of analytical validity. Alarmingly, 

the data revealed systemic vulnerability in this area. Only 41.9% of the respondents strictly commit to running 

IQC samples daily before initiating patient testing. Meanwhile, 32.3% execute this task inconsistently 



116 | Medical Technology Journal of Applied Science (MTJAS)  

 

("Often/Sometimes"), and a concerning 25.8% admitted to running IQC "Rarely," directly correlating with the 

aforementioned lack of formal quality training.  

Table 2: Descriptive Assessment of Quality Protocol Adherence 

Quality Protocol / Practice Always (%) Often (%) Sometimes / Rarely (%) 

Patient Identification & Label Matching 88.7% 11.3% 0.0% 

Usage of New Sterile Tools & Tubes 93.5% 6.5% 0.0% 

Rejection & Documentation of Invalid Samples 71.0% 15.0% 14.0% 

Workspace & Equipment Sanitation 53.2% 29.0% 17.8% 

Execution of Daily Internal Quality Control (IQC) 41.9% 20.0% 38.1%* 

 

Institutional Barriers to Quality Implementation 

When asked to identify the primary infrastructural and institutional barriers obstructing strict adherence to quality 

protocols, the responses pointed toward chronic administrative deficiencies. "Excessive workload and staff 

shortages" dominated the feedback, cited by 43.5% of the cohort as the primary barrier. This was closely followed 

by the "lack of continuous training programs" at 30.6%. The remaining percentages were divided between 

"scarcity of resources and laboratory supplies" and "poor managerial supervision," indicating that compliance 

failures are largely driven by environmental constraints rather than individual negligence. 

 

Table 3: Primary Institutional Barriers to Quality Implementation 

Identified Barrier Percentage (%) Rank 

Workload and Staff Shortages 43.5% 1 

Lack of Continuous Training Programs 30.6% 2 

Scarcity of Resources, Supplies & Poor Supervision 25.9% 3 

 

 

Figure 1: A radar chart illustrating the multi-dimensional impact of formal quality training on protocol 

adherence. The plot demonstrates a pronounced divergence in compliance frequencies between trained and 

untrained personnel, most notably in the execution of daily Internal Quality Control (IQC) and strict adherence 

to Standard Operating Procedures (SOPs). 
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Inferential Analysis: Predictors of Quality Compliance 

To determine whether demographic and professional characteristics significantly influenced the strictness of 

protocol adherence, the X2 test of independence (X2) was conducted: Gender: The analysis confirmed that gender 

is not a predictive factor in quality compliance. No statistically significant differences were observed between 

male and female practitioners regarding their commitment to laboratory standards (X2=4.12, p= 0.249). 

Age: Conversely, chronological maturity proved to be a significant determinant. A statistically significant 

difference was identified concerning the age variable      X2= 18.45, p= 0.018. Older age brackets demonstrated a 

notably higher frequency of strict compliance, particularly in areas requiring nuanced judgment, such as the safe 

disposal of biohazardous waste and consistent equipment calibration. 

Educational Attainment: The most profound differences were tied to academic backgrounds (X2 = 22.30, p = 

0.004). Practitioners holding postgraduate degrees (Master's and PhD) exhibited a rigid adherence to Standard 

Operating Procedures (SOPs) without unauthorized modifications, drastically outperforming those with lower 

educational qualifications. 

 

Figure 2: A 100% stacked bar chart detailing the frequency distribution of adherence to key pre-analytical and 

analytical quality protocols. The visual representation highlights robust compliance in patient identification, 

contrasted by significant systemic vulnerabilities in workspace sanitation and routine IQC implementation. 

Correlation Matrix: Strength and Direction of Variables 

To further quantify the relationship between practitioner profiles and their overall quality compliance index, 

appropriate non-parametric correlation coefficients were applied: 

Gender and Compliance: Utilizing Cramer's V to assess nominal variables, the test yielded a very weak, non-

significant association (V = 0.15, p = 0.249), reiterating that professional diligence in the laboratory is entirely 

gender-neutral. 

Age and Compliance: Spearman's rank-order correlation revealed a positive, statistically significant relationship 

between advancing age and increased protocol adherence (rs = 0.28, p = 0.031). This suggests that the 

accumulation of hands-on clinical experience over time fosters a deeper situational awareness regarding the severe 

clinical consequences of laboratory errors. 

Education and Compliance: Spearman's rho indicated a strong, highly significant positive correlation between the 

level of education and quality protocol adherence (rs = 0.36, p = 0.009). This robust statistical link provides 

empirical evidence that ascending the academic ladder cultivates a profound understanding of laboratory 

methodologies, directly translating into superior analytical precision and stricter self-regulation on the bench. 
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Table 4: Inferential and Correlation Analysis of Quality Compliance Predictors 

Demographic Variable Chi-Square (χ²) p-value Correlation Coefficient r/V value p-value 

Gender 4.12 0.249 Cramer's V 0.15 0.249 

Age 18.45 0.018* Spearman's rho (rs) 0.28 0.031* 

Educational Attainment 22.30 0.004** Spearman's rho (rs) 0.36 0.009** 

Note: * Statistically significant at p < 0.05; ** Highly statistically significant at p < 0.01. 

 

Figure 3: A Spearman’s rank correlation heatmap delineating the strength and direction of associations between 

practitioner demographics (Age, Education, Training) and adherence to key quality protocols. Positive 

correlations are indicated by warmer hues (red), highlighting the robust predictive value of formal training and 

higher educational attainment on strict SOP and IQC compliance 

 

Discussion 

A granular review of the empirical data derived from this cohort (N = 186) exposes a complex operational paradox 

within the studied clinical laboratories. We are witnessing a systemic friction where the high ethical intentions of 

individual practitioners collide with profound structural vulnerabilities. The findings indicate that quality 

compliance in these settings is not a monolithic behavior; rather, it fluctuates drastically depending on the visibility 

of the clinical error, the cognitive load of the practitioner, and the robustness of the surrounding administrative 

infrastructure (Plebani, 2015). By contextualizing our local data within the broader global literature, we can 

diagnose the root causes of these compliance gaps and differentiate between localized logistical hurdles and 

universal behavioral patterns. 
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The "Visibility of Consequence" vs. Global Automation in the Pre-Analytical Phase 

One of the most encouraging revelations of this study is the remarkably high adherence to pre-analytical protocols. 

With 88.7% of the workforce consistently verifying patient identities and 93.5% maintaining strict sterility 

protocols, the data reflects a strong baseline of clinical awareness. This vigilance aligns seamlessly with regional 

studies conducted across the Middle East and North Africa (MENA), which suggest that practitioners operating 

in resource-variable environments often adopt a posture of "defensive medicine" to prevent highly visible, easily 

traceable errors such as drawing blood from the wrong patient (Al-Enezi et al., 2018). 

However, when we juxtapose this human-driven compliance against the rigorous standards of ISO 15189-

accredited laboratories in Europe or North America, a critical systemic vulnerability emerges. In advanced global 

healthcare models, pre-analytical accuracy is no longer entrusted solely to human memory or conscientious 

behavior; it is hardwired into the workflow through Laboratory Information Systems (LIS) and automated barcode 

scanners that physically prevent the progression of mismatched samples (Lippi et al., 2020). Relying almost 

exclusively on human vigilance while currently effective in our cohort remains an unsustainable risk management 

strategy that is highly susceptible to cognitive fatigue. 

The IQC Dilemma and the Normalization of Deviance 

In stark contrast to the pre-analytical phase, the data uncovers an alarming collapse in analytical quality protocols. 

The revelation that only 41.9% of practitioners consistently run daily Internal Quality Control (IQC) samples is a 

critical threat to diagnostic reliability. In the sociology of medical organizations, this phenomenon is best 

explained by the "normalization of deviance" a concept detailing how professionals, when operating under chronic 

pressure, gradually accept hazardous shortcuts as standard operating procedures as long as immediate catastrophes 

do not occur (Vaughan, 2016). 

This behavioral drift mirrors findings from developing healthcare infrastructures in Sub-Saharan Africa, where 

daily calibration and IQC are sometimes erroneously viewed by management as a financial luxury rather than a 

clinical necessity (Elbireer et al., 2011). Conversely, this reality stands in sharp contradiction to the foundational 

principles of global quality engineering. According to Westgard’s Six Sigma methodologies, initiating patient 

testing without validated IQC metrics is an absolute breach of clinical safety protocols, effectively rendering any 

generated results statistically meaningless (Westgard & Westgard, 2016). 

The Academic Bulwark Against Institutional Training Deficits 

Perhaps the most concerning operational metric in this study is the severe educational deficit: 61.3% of the 

workforce reported receiving zero formal quality training over the past year. Modern laboratory medicine is no 

longer a discipline of mere technical repetition; it requires advanced troubleshooting and complex data 

interpretation. Interestingly, our inferential analysis revealed that "educational attainment" acts as an empirical 

bulwark against this lack of institutional training. The highly significant positive correlation (p = 0.009) between 

advanced degrees (Master’s/PhD) and strict adherence to SOPs suggests a fundamental difference in cognitive 

processing. 

Practitioners with higher academic credentials possess a deeper understanding of the underlying biochemical and 

physical principles governing their assays, making them inherently more resistant to unauthorized protocol 

deviations. This finding corroborates global evidence demonstrating that while advanced academic education 

establishes a strong foundational ethos for quality, it cannot function as a substitute for mandatory Continuing 

Medical Education (CME) and specialized bench-level training (Njoroge et al., 2021). 

Workload: Distinguishing Volume from Workflow Pathology 

We cannot decouple these compliance failures from the working environment. A substantial 43.5% of respondents 

identified "excessive workload and staff shortages" as the primary barrier to quality implementation. While it is 

tempting to attribute all operational failures to a lack of personnel a chronic reality acknowledged by the World 

Health Organization in transitioning economies (WHO, 2018) the lens of Lean Six Sigma offers a more critical 

perspective. 

Often, what laboratory technicians perceive as overwhelming "workload" is, in reality, profound "workflow 

mismanagement." Poor spatial design, redundant documentation, ambiguous administrative hierarchies, and the 

frequent breakdown of aging analyzers collectively steal the practitioner's time. Recent studies applying Lean 

methodologies to high-volume laboratories in Asia have demonstrated that compliance and efficiency can be 

increased by over 40% without hiring a single additional staff member, simply by eliminating wasteful movements 

and reorganizing the analytical floor (Melanson et al., 2022). Therefore, the "pressure" reported by our cohort is 

likely a symptom of structural inefficiency rather than sheer sample volume alone. 
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Conclusion 
The narrative derived from this study is clear: local laboratory professionals possess the ethical intuition required 

to protect patient safety, but they are currently operating in an administrative vacuum that lacks automated 

safeguards and continuous educational support. Relying on the moral compass of individual technicians to uphold 

analytical quality, especially in the absence of robust systemic constraints, is a gamble that modern clinical 

medicine cannot afford. 

 

Recommendations 
To bridge the gap between our current reality and global standards, we propose a strategic paradigm shift from 

"passive surveillance" to "active quality enablement": 

1. Mandatory CME Integration: Regulatory authorities must mandate a minimum of 20 hours of 

accredited Continuing Medical Education (CME) specifically focused on laboratory quality management 

as a non-negotiable prerequisite for annual licensure renewal. 

2. Institutionalizing the Quality Officer Role: Healthcare facilities must be legally required to establish 

an independent "Quality Control Officer" role. This individual must operate autonomously from daily 

production pressures, bearing sole responsibility for monitoring IQC/EQAS metrics and enforcing SOP 

compliance. 

3. Technological Leapfrogging: Laboratory administrations must strategically transition toward the 

integration of robust Laboratory Information Systems (LIS) and barcode technologies, thereby 

transferring the burden of pre-analytical verification from human memory to digital automation. 
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