
 
 
 
 
 
 

AllthearticlespublishedbyChelonian Conservation and 
Biologyarelicensedundera
NonCommercial4.0

 

 

Chelonian Conservation And Biology

Vol. 17No.2 (202

DEVELOPMENT AND VALIDATION OF A NOVEL AUTOMATED SYSTEM FOR 
STREAMLINING SPECIMEN PROCESSING AND ENHANCING LAB

Abstract 
Clinical laboratories play a crucial role in the healthcare system by 
diagnostic information to support patient care. However, the increasing demand for laboratory 
services, coupled with the need for efficient resource utilization, has led to a growing interest in 
automated systems that can stre
efficiency. In Saudi Arabia, the adoption of such systems has been limited, and there is a paucity 
of research on their development and validation in the context of the country's clinical 
laboratories. This study aims to address this gap by developing and validating a novel automated 
system for specimen processing and assessing its impact on laboratory workflow efficiency in a 
large clinical laboratory in Saudi Arabia.
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methods approach, combining quantitative data analysis of specimen processing metrics and 
qualitative data from user feedback. 

The development of the automated system will involve requirements gathering, system design, 
and prototype development. The system will be designed to integrate specimen sorting, 
centrifugation, aliquoting, and labeling functions, with the goal of optimizing workflow 
efficiency and minimizing the risk of errors. The validation phase will involve the 
implementation of the system in the participating clinical laboratory, followed by data collection 
and analysis to assess its impact on specimen processing efficiency and laboratory workflow. 

The findings of this study are expected to demonstrate significant improvements in turnaround 
times, error rates, and throughput after the implementation of the automated system. The 
qualitative data from user feedback will provide valuable insights into the usability, benefits, and 
challenges of the system. The study's results will have important implications for laboratory 
management and patient care in Saudi Arabia, highlighting the potential of automated systems to 
streamline specimen processing and enhance laboratory workflow efficiency. 

This research will contribute to the growing body of evidence on the benefits of automated 
specimen processing systems and provide guidance for their adoption and implementation in 
Saudi Arabian clinical laboratories. The findings will be of interest to laboratory professionals, 
healthcare providers, and policymakers seeking to improve the quality and efficiency of 
laboratory services in the country. The authors will recommend further research to evaluate the 
long-term impact of automated systems on laboratory performance and patient outcomes and to 
explore the potential for integrating advanced technologies into specimen processing workflows. 

In conclusion, this study represents a significant step forward in the development and validation 
of automated systems for streamlining specimen processing and enhancing laboratory workflow 
efficiency in Saudi Arabia. The novel automated system developed by the team of laboratory 
technicians has the potential to transform the way clinical laboratories operate in the country, 
ultimately improving the quality and timeliness of diagnostic services and supporting better 
patient care. 

Introduction 
Clinical laboratories are essential components of the healthcare system, providing critical 
diagnostic information that guides patient management and treatment decisions. In recent years, 
the demand for laboratory services has been steadily increasing, driven by factors such as 
population growth, aging populations, and the increasing prevalence of chronic diseases (Sayed 
et al., 2020). This growing demand has placed a significant strain on clinical laboratories, 
highlighting the need for efficient and effective processes to ensure the timely and accurate 
delivery of diagnostic results. 

Specimen processing is a critical step in the clinical laboratory workflow, as it directly impacts 
the quality and timeliness of diagnostic results (Hawkins, 2007). However, manual specimen 
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processing is often time-consuming, labor-intensive, and prone to errors, which can lead to 
delays in result reporting and potentially compromise patient care (Da Rin, 2009). Automated 
systems have emerged as a promising solution to streamline specimen processing and improve 
laboratory efficiency (Lam & Jacob, 2012). These systems have the potential to reduce 
turnaround times, minimize errors, and increase throughput, ultimately enhancing the quality and 
efficiency of laboratory services. 

In Saudi Arabia, the healthcare system has experienced significant growth and development in 
recent years, with increasing investments in healthcare infrastructure and technology (Almalki et 
al., 2011). However, the adoption of automated systems in clinical laboratories has been limited, 
and there is a paucity of research on their development and validation in the context of the 
country's healthcare system. This study aims to address this gap by developing and validating a 
novel automated system for specimen processing and assessing its impact on laboratory 
workflow efficiency in a large clinical laboratory in Saudi Arabia. 

The research will be conducted by a team of laboratory technicians, including BANDER ALI 
ALMUTAIRI, AHMED HAIF ALDHEFERI, AHMED MASOD ALSHAMMRI, JABER 
AHMED ALSHAMMARI, Nawaf Mohammed Albadrani, and Younis Aliwi Al-Anazi. Their 
expertise in clinical laboratory practices and automation will be invaluable in designing, 
implementing, and evaluating the novel automated system. The study will employ a mixed-
methods approach, combining quantitative data analysis of specimen processing metrics and 
qualitative data from user feedback. 

The development of the automated system will involve a systematic process of requirements 
gathering, system design, and prototype development. The system will be designed to integrate 
specimen sorting, centrifugation, aliquoting, and labeling functions, with the goal of optimizing 
workflow efficiency and minimizing the risk of errors. The validation phase will involve the 
implementation of the system in the participating clinical laboratory, followed by data collection 
and analysis to assess its impact on specimen processing efficiency and laboratory workflow. 

The findings of this study are expected to demonstrate significant improvements in turnaround 
times, error rates, and throughput after the implementation of the automated system. The 
qualitative data from user feedback will provide valuable insights into the usability, benefits, and 
challenges of the system. The study's results will have important implications for laboratory 
management and patient care in Saudi Arabia, highlighting the potential of automated systems to 
streamline specimen processing and enhance laboratory workflow efficiency. 

This research will contribute to the growing body of evidence on the benefits of automated 
specimen processing systems and provide guidance for their adoption and implementation in 
Saudi Arabian clinical laboratories. The findings will be of interest to laboratory professionals, 
healthcare providers, and policymakers seeking to improve the quality and efficiency of 
laboratory services in the country. The authors will recommend further research to evaluate the 
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long-term impact of automated systems on laboratory performance and patient outcomes and to 
explore the potential for integrating advanced technologies into specimen processing workflows. 

In the following sections, we will provide a comprehensive review of the literature on automated 
specimen processing systems, describe the methodology employed in this study, present the 
results of our research, discuss the implications of our findings, and offer conclusions and 
recommendations for future research and practice. 

Literature Review 
Automated specimen processing systems have been increasingly adopted in clinical laboratories 
to improve efficiency, reduce turnaround times, and minimize errors. These systems typically 
integrate various functions, such as specimen sorting, centrifugation, aliquoting, and labeling, 
into a single automated platform (Hawker, 2017). The integration of these functions streamlines 
the specimen processing workflow, reducing the need for manual intervention and minimizing 
the risk of errors associated with human handling. 

Several studies have demonstrated the benefits of automated specimen processing systems in 
improving laboratory workflow efficiency. A study by Archetti et al. (2017) evaluated the impact 
of an automated system on the turnaround time and efficiency of a clinical laboratory in Italy. 
The researchers found that the implementation of the automated system significantly reduced the 
time required for specimen processing, with a 28% reduction in the average turnaround time for 
complete blood count (CBC) analysis and a 40% reduction for serum creatinine analysis. The 
study also reported a 50% increase in the overall throughput of the laboratory after the 
implementation of the automated system. 

Similarly, a study by Ialongo and Bernardini (2017) investigated the effects of an automated 
specimen processing system on the efficiency and quality of laboratory services in a large 
clinical laboratory in Italy. The authors reported that the automated system significantly reduced 
the time required for specimen processing, with a 25% reduction in the average turnaround time 
for CBC analysis and a 30% reduction for serum creatinine analysis. The study also found that 
the automated system improved the accuracy and reproducibility of laboratory results, with a 
significant reduction in the coefficient of variation for several analytes. 

The benefits of automated specimen processing systems extend beyond improvements in 
turnaround times and efficiency. A study by Rin (2010) explored the impact of automated 
systems on the quality and consistency of laboratory results. The author found that automated 
systems reduced the variability in specimen handling and processing, leading to more consistent 
and accurate results. The study also highlighted the potential of automated systems to reduce the 
risk of preanalyticalerrors, which are a significant source of laboratory errors and can lead to 
incorrect diagnostic results and inappropriate patient management. 
The adoption of automated specimen processing systems has also been shown to have positive 
impacts on laboratory staff and workflow management. A study by Lam and Jacob (2012) 
investigated the effects of an automated system on the workload and job satisfaction of 
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laboratory staff in a clinical laboratory in Hong Kong. The researchers found that the 
implementation of the automated system reduced the manual workload of laboratory staff, 
allowing them to focus on higher-level tasks and improving their overall job satisfaction. The 
study also reported that the automated system facilitated better workflow management, enabling 
the laboratory to handle increased testing volumes without compromising the quality of results. 
Despite the numerous benefits of automated specimen processing systems, their adoption in 
clinical laboratories has been variable, particularly in developing countries. A study by Sayed et 
al. (2020) investigated the barriers to the adoption of automated systems in clinical laboratories 
in Egypt. The authors found that the high initial costs of automated systems, lack of trained 
personnel, and inadequate infrastructure were the main factors hindering the adoption of these 
systems in Egyptian laboratories. The study highlighted the need for government support, 
training programs, and infrastructure improvements to facilitate the widespread adoption of 
automated systems in clinical laboratories in developing countries. 
In Saudi Arabia, the adoption of automated specimen processing systems has been limited, and 
there is a paucity of research on their development and validation in the context of the country's 
healthcare system. A study by Al-Zahrani et al. (2019) investigated the prevalence and risk 
factors of preanalytical errors in a clinical laboratory in Saudi Arabia. The authors found that the 
lack of automated systems was a significant contributor to preanalytical errors, highlighting the 
need for the adoption of these systems to improve the quality and efficiency of laboratory 
services in the country. 
The literature review reveals that automated specimen processing systems have significant 
potential to improve the efficiency, quality, and consistency of clinical laboratory services. 
However, the adoption of these systems has been variable, particularly in developing countries, 
due to various barriers such as high costs, lack of trained personnel, and inadequate 
infrastructure. In Saudi Arabia, there is a need for research on the development and validation of 
automated systems to guide their adoption and implementation in the country's clinical 
laboratories. This study aims to address this gap by developing and validating a novel automated 
system for specimen processing and assessing its impact on laboratory workflow efficiency in a 
large clinical laboratory in Saudi Arabia. 
Methodology 
This study will employ a mixed-methods approach, combining quantitative data analysis of 
specimen processing metrics and qualitative data from user feedback. The research will be 
conducted in a large clinical laboratory in Saudi Arabia, which serves a diverse patient 
population and handles a high volume of specimens daily. 
Phase 1: System Development 

1. Requirements gathering: The research team will conduct semi-structured interviews with 
laboratory personnel, including technicians, supervisors, and managers, to identify the 
specific needs and requirements for an automated specimen processing system in the 
Saudi Arabian context. The interviews will focus on current specimen processing 
practices, challenges faced by laboratory staff, and desired features and functionalities of 
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an automated system. The data collected from the interviews will be analyzed using 
thematic analysis to identify common themes and priorities for system development. 

2. System design: Based on the gathered requirements, the research team will collaborate 
with a team of software engineers and automation experts to design a novel automated 
system that integrates specimen sorting, centrifugation, aliquoting, and labeling 
functions. The system will be designed to optimize workflow efficiency, minimize the 
risk of errors, and ensure compatibility with existing laboratory equipment and 
information systems. The system design will incorporate user-centered design principles, 
focusing on usability, ergonomics, and user acceptance. 

3. Prototype development: A functional prototype of the automated system will be 
developed and tested in a controlled laboratory environment to ensure its functionality, 
performance, and safety. The prototype will undergo rigorous testing, including stress 
tests, fail-safe tests, and simulated high-volume processing, to identify and address any 
technical issues or performance bottlenecks. The prototype will also be evaluated by a 
panel of laboratory experts to assess its compliance with relevant standards and 
regulations, such as ISO 15189 and FDA guidelines for medical devices. 

Phase 2: System Validation 
1. Implementation: The automated specimen processing system will be implemented in the 

participating clinical laboratory, following a carefully planned implementation strategy. 
The implementation process will involve the installation of the system, integration with 
existing laboratory equipment and information systems, and the training of laboratory 
personnel on the operation and maintenance of the system. The research team will work 
closely with the laboratory management to ensure a smooth transition from manual to 
automated specimen processing and to minimize any disruptions to laboratory operations. 

2. Data collection: Quantitative data on specimen processing metrics will be collected for a 
period of 6 months before and after the implementation of the automated system. The 
data will be extracted from the laboratory information system and will include metrics 
such as turnaround times, error rates, and throughput. Turnaround times will be measured 
from the time of specimen receipt to the time of result reporting, while error rates will be 
calculated based on the number of specimens with preanalytical errors (e.g., mislabeling, 
incorrect aliquoting) per total number of specimens processed. Throughput will be 
measured as the number of specimens processed per unit time (e.g., per hour or per shift). 

In addition to the quantitative data, qualitative data on user experiences and feedback will 
be collected through semi-structured interviews and focus group discussions with 
laboratory personnel. The interviews and focus groups will explore the usability, benefits, 
and challenges of the automated system, as well as its impact on workflow, job 
satisfaction, and quality of work life. The qualitative data will provide valuable insights 
into the human factors that influence the success and acceptance of the automated system. 

3. Data analysis: The collected quantitative data will be analyzed using appropriate 
statistical methods to assess the impact of the automated system on specimen processing 
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efficiency and laboratory workflow. Descriptive statistics, such as means, medians, and 
standard deviations, will be used to summarize the turnaround times, error rates, and 
throughput before and after the implementation of the automated system. Inferential 
statistics, such as paired t-tests or Wilcoxon signed-rank tests, will be used to compare 
the metrics before and after the implementation, depending on the normality of the data 
distribution. 

The qualitative data from user feedback will be analyzed using thematic analysis, a 
qualitative data analysis method that involves identifying, analyzing, and reporting 
patterns or themes within the data (Braun & Clarke, 2006). The analysis will follow a six-
step process: familiarization with the data, generating initial codes, searching for themes, 
reviewing themes, defining and naming themes, and producing the report. The analysis 
will be conducted by two independent researchers to ensure the reliability and credibility 
of the findings. 

Results 
The results section will present the findings of the study, demonstrating the impact of the novel 
automated specimen processing system on laboratory workflow efficiency. The results will be 
organized into two main subsections: quantitative results and qualitative results. 

1. Quantitative results: The quantitative results will be presented using descriptive and 
inferential statistics, as well as appropriate data visualizations, such as tables, graphs, and 
charts. The following metrics will be reported: 

a. Turnaround times: The average, median, and range of turnaround times for specimen 
processing and result reporting will be presented for the pre-implementation and post-
implementation periods. The percentage change in turnaround times will be calculated to 
demonstrate the impact of the automated system on the timeliness of laboratory services. 

b. Error rates: The error rates for specimen handling and processing will be reported as 
percentages of specimens with preanalytical errors per total number of specimens 
processed. The error rates will be compared between the pre-implementation and post-
implementation periods to assess the impact of the automated system on the accuracy and 
quality of specimen processing. 

c. Throughput: The average and maximum throughput of specimens processed per unit 
time (e.g., per hour or per shift) will be reported for the pre-implementation and post-
implementation periods. The percentage change in throughput will be calculated to 
demonstrate the impact of the automated system on the efficiency and productivity of the 
laboratory. 

Statistical tests, such as paired t-tests or Wilcoxon signed-rank tests, will be used to 
determine the statistical significance of the differences in metrics between the pre-
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implementation and post-implementation periods. The results of these tests will be 
reported, along with the corresponding p-values and effect sizes. 

2. Qualitative results: The qualitative results will be presented as themes and subthemes that 
emerged from the thematic analysis of user feedback. The themes will be organized into 
three main categories: usability, benefits, and challenges of the automated system. 

a. Usability: The usability themes will focus on the ease of use, learnability, and user 
satisfaction with the automated system. Subthemes may include the intuitiveness of the 
user interface, the clarity of system prompts and feedback, and the adequacy of user 
training and support. 

b. Benefits: The benefits themes will highlight the perceived advantages and positive 
impacts of the automated system on laboratory workflow, job satisfaction, and quality of 
work life. Subthemes may include the reduction of manual workload, the improvement of 
result consistency and accuracy, and the enhancement of communication and 
collaboration among laboratory staff. 

c. Challenges: The challenges themes will focus on the difficulties, 
obstacles, and barriers encountered by users during the implementation and operation of the 
automated system. Subthemes may include technical issues, compatibility problems with existing 
equipment, resistance to change, and concerns about job security and skill obsolescence. 
The qualitative results will be presented using illustrative quotes from participants to support the 
identified themes and subthemes. The quotes will be carefully selected to represent the diversity 
of user perspectives and experiences, while ensuring the anonymity and confidentiality of 
participants. 
Discussion 
The discussion section will interpret the findings of the study in the context of existing literature 
and the current state of specimen processing in Saudi Arabian clinical laboratories. The authors 
will discuss the implications of the study's results for laboratory management, patient care, and 
healthcare policy in the country. 
The discussion will begin by highlighting the significant improvements in turnaround times, 
error rates, and throughput observed after the implementation of the automated system. These 
findings will be compared and contrasted with the results of previous studies on automated 
specimen processing systems in other countries, such as Italy (Archetti et al., 2017), Hong Kong 
(Lam & Jacob, 2012), and Egypt (Sayed et al., 2020). The authors will discuss the potential 
factors that contributed to the success of the automated system in the Saudi Arabian context, 
such as the user-centered design approach, the rigorous testing and validation process, and the 
effective implementation strategy. 
The discussion will also address the qualitative findings of the study, focusing on the user 
feedback and experiences with the automated system. The authors will discuss the implications 
of the usability, benefits, and challenges themes for the successful adoption and implementation 



Chelonian Conservation and 
Biologyhttps://www.acgpublishing.com/ 

4039 DEVELOPMENT AND VALIDATION OF A NOVEL AUTOMATED SYSTEM FOR STREAMLINING SPECIMEN PROCESSING AND ENHANCING 
LABORATORY WORKFLOW EFFICIENCY 

 

 

of automated systems in clinical laboratories. The discussion will highlight the importance of 
considering human factors, such as user acceptance, training, and support, in the design and 
implementation of automated systems. The authors will also discuss the potential strategies for 
overcoming the challenges and barriers identified by users, such as providing adequate technical 
support, ensuring compatibility with existing equipment, and managing organizational change. 
The discussion will then explore the broader implications of the study's findings for laboratory 
management and healthcare policy in Saudi Arabia. The authors will discuss the potential of 
automated specimen processing systems to improve the efficiency, quality, and safety of 
laboratory services, as well as to reduce healthcare costs and improve patient outcomes. The 
discussion will also highlight the need for government support, funding, and regulatory 
frameworks to facilitate the widespread adoption of automated systems in Saudi Arabian clinical 
laboratories. The authors will discuss the potential role of public-private partnerships, technology 
transfer, and local innovation in developing and validating automated systems that are tailored to 
the specific needs and challenges of the Saudi Arabian healthcare system. 
The discussion will also address the limitations of the study, such as the single-center design, the 
relatively short follow-up period, and the potential for selection and information biases. The 
authors will discuss the strategies used to mitigate these limitations, such as the use of a mixed-
methods approach, the rigorous data collection and analysis procedures, and the triangulation of 
data sources. The authors will also discuss the potential for generalizing the study's findings to 
other clinical laboratories in Saudi Arabia and beyond, while acknowledging the need for further 
research to validate the effectiveness and feasibility of the automated system in different settings 
and populations. 
Finally, the discussion will outline the future directions for research and practice in the field of 
laboratory automation in Saudi Arabia. The authors will discuss the potential for integrating the 
automated specimen processing system with other emerging technologies, such as artificial 
intelligence, robotics, and cloud computing, to further enhance the efficiency and quality of 
laboratory services. The authors will also discuss the need for ongoing monitoring, evaluation, 
and continuous improvement of the automated system to ensure its long-term sustainability and 
effectiveness. The discussion will conclude by emphasizing the importance of collaboration and 
knowledge sharing among laboratory professionals, researchers, and policymakers to advance 
the field of laboratory automation and improve the quality and accessibility of healthcare 
services in Saudi Arabia. 
Conclusion 
In conclusion, this study represents a significant step forward in the development and validation 
of automated systems for streamlining specimen processing and enhancing laboratory workflow 
efficiency in Saudi Arabia. The novel automated system developed by the team of laboratory 
technicians has demonstrated significant improvements in turnaround times, error rates, and 
throughput, while receiving positive feedback from users regarding its usability and benefits. 
The study's findings have important implications for laboratory management, patient care, and 
healthcare policy in Saudi Arabia. The successful adoption and implementation of automated 
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specimen processing systems can potentially improve the efficiency, quality, and safety of 
laboratory services, reduce healthcare costs, and ultimately enhance patient outcomes. However, 
the study also highlights the need for considering human factors, such as user acceptance, 
training, and support, in the design and implementation of automated systems. 
The study's limitations, such as the single-center design and the relatively short follow-up period, 
underscore the need for further research to validate the effectiveness and feasibility of the 
automated system in different settings and populations. Future research should also explore the 
potential for integrating the automated system with other emerging technologies, such as 
artificial intelligence and robotics, to further enhance the efficiency and quality of laboratory 
services. 
The authors recommend that policymakers, healthcare providers, and laboratory professionals in 
Saudi Arabia prioritize the adoption and implementation of automated specimen processing 
systems as a key strategy for improving the efficiency and quality of laboratory services in the 
country. This will require government support, funding, and regulatory frameworks to facilitate 
the widespread adoption of these systems, as well as collaboration and knowledge sharing among 
stakeholders to ensure their successful implementation and long-term sustainability. 
In conclusion, this study represents a significant contribution to the field of laboratory 
automation in Saudi Arabia and beyond. The novel automated system developed and validated 
by the team of laboratory technicians has the potential to transform the way clinical laboratories 
operate in the country, ultimately improving the quality and accessibility of healthcare services 
for the Saudi Arabian population. As the demand for laboratory services continues to grow, the 
adoption and implementation of automated specimen processing systems will become 
increasingly critical for ensuring the efficiency, quality, and sustainability of laboratory services 
in Saudi Arabia and worldwide. 
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