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Foreword

TATA TRUSTS
Ratan N. Tata

This book will be a guide for students and professionals alike in quality assurance 
practices related to clinical research labs. The historical research and fundamental 
principles make it a good tool in clinical research environments. The country has a 
great need for such a compilation in order to increase the application of domestic 
capabilities and technology.
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1Historical Overview of Quality Assurance 
in Biological Research

Radhika Khosla and Vinod Srivastava

1.1  Introduction

Quality Assurance, as suggested by its name, is a criterion to measure and to assure 
the quality in the production of goods and services. The users or customers demand 
good quality in goods and services. The need and demand for quality have always 
been there since human civilization originated. The most ancient concept of quality 
has been found during the Middle Ages when guilds [1] were formed to inspect the 
quality of products produced by blacksmiths, artisans, craftsmen [2], and merchants 
[1–9]. Guilds were a group of individuals of a particular trade who were experts in 
that trade. Experts analyzed the quality of products produced by other members or 
nonmembers of the guilds. Medical men were also known as medical crafts, 
although they did not like to be considered tradesmen. Humphreys has mentioned 
the concept of Guild medicine in the editorial [10, 11]. It used to be a matter of pride 
to be a member of guilds. Guild members were required to be highly skilled in their 
work to remain as a member of guilds. They had to create a profession-specific 
masterpiece to sustain affiliation or membership of the guilds. In the medieval 
times, there were several prime examples of steps taken to ensure the quality of 
products and their efficiency, such as William Wrotham’s appointment to assess 
ships’ quality during the emperorship of King John of England [12], and Secretary 
to the British Admiralty, Samuel Pepys’ attempt to bring the quality in the 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-3074-3_1&domain=pdf
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production of ships. Guilds were active and retained their place in history until the 
nineteenth century [3, 4, 12, 13]. However, these guilds started hindering free trade 
in the later stages that brought them toward their end.

In the early nineteenth century, the industrial revolution took place, and the mode 
of production changed. The rapid change in society from agrarian to industrial 
marked the shift in human resources, management styles, and industrial appropria-
tions. Factories diluted the concept of guilds and gave prominence to foremen 
appointed in the factories to assess the quality of products manufactured in factories 
[3, 5]. The Industrial Revolution period marked the era of mass production, giving 
rise to the building of knowledge and expertise in quality assurance and quality 
control over the years [5]. This period can be divided into various eras [3].

1.2  Taylorian Era

Frederick Winslow Taylor is known as the father of scientific management [14–16] 
and the first consulting engineer in management [5, 17]. He was the pioneer of a 
new profession and brought scientific procedures into manufacturing to streamline 
productivity and efficiency. It was also called Taylorism in the name of its founder, 
Frederick Winslow Taylor, and was the hallmark of the progressive era [18]. The 
progressive era rejecting social Darwinism believed efficiency and productivity 
could help address social problems as well [18]. Taylor’s goal was to enhance pro-
ductivity in factories to a considerable level and used engineering plans and theories 
in management. Although there were strong protests from labor unions against effi-
ciency and productivity in factories, the marriage of craftsmanship and quality was 
inevitable. However, the focus revolved primarily around the management of human 
resources than the processes.

The World War I factories were burdened with the demand to produce large 
quantities of goods. Craftsmen followed the engineers’ plan and product require-
ments to meet the specifications of goods, but meeting the high demand of goods 
with the specific quality or relatively good quality started drawing management 
attention to process management [5]. As a result, the process of manufacturing 
started being invigilated [19]. However, as operation magnified and production 
increased, it became less feasible to ensure the quality of products. As a result, fac-
tories compromised quality for high production, and the rift between quality and 
quantity in management continued.

1.3  The Era of Quality Control (the 1920s)

In the mid-1920s, Walter Shewhart, a physicist and a statistician, began his work 
on improving the quality of industrial production. He was working at Bell 
Laboratories, and in around the 1930s, Shewhart gave the concept of 
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Plan-Do-Study-Act (PDSA) [20], which later came to be known as Plan-Do-
Check-Act (PDCA) in Deming’s era [16] of quality management, or Shewhart 
cycles [20]. This was the first time cycles were introduced in the quality control 
process, emphasizing process management, and thereafter the concept of lean 
production followed.

Shewhart introduced statistical procedures into quality checks to maintain the 
quality of products [19]. This concept was known as Statistical Quality Control 
[21], and Shewhart is known as the Father of Statistical Quality Control or Father 
of Modern Quality Control [4, 16]. Growth in industrialization and demand for 
mass production rendered quality control a tedious and cumbersome task, as 
checking the quality of every product being produced in a factory or organization 
was not feasible. Tools of statistical quality control provided inspectors and qual-
ity control managers with some statistical measures to assess the quality of mass 
production. Product sampling and control charts were used to compare and assess 
the quality of the products [22]. Standard Statistical tools provided production 
houses with the confidence of quality in their products. During the World War II, 
the US Army did not want to compromise quality with mass production, espe-
cially for the materials and equipment produced for the war [4, 5]. The Statistical 
Quality Control system helped factories maintain quality with mass production 
[23]. These techniques became very popular in the United States at that time. 
Those statistical tools and control charts provided by Shewhart are being used 
even nowadays [24, 25].

1.4  Quality Assurance (1950–1970)/Total 
Quality Management

Shewhart’s work was seminal in quality assurance and management. Following 
Shewhart’s work, William Edwards Deming devoted his work to understanding the 
philosophy of management, quality management, and understanding variation and 
systematic problem solving [20, 26]. Deming was an engineer and worked as a 
statistician in the US Agriculture Department and Census Bureau. He went to Japan 
in 1945 and was instrumental in using the concept of quality management in 
Japanese industries to help revive the Japanese economy following World War II 
setbacks [27, 28]. After World War II, there was a surge in making quality products 
in Japan [4, 5]. Deming followed the Statistical Quality Control system developed 
by Shewhart and his management and problem-solving theories to help transform 
Japan’s production processes.

Another name in quality management is Joseph Juran [16], who is remem-
bered as the pioneer of many quality management initiatives. He was another 
American invited to Japan for collaboration and coordination to uplift the 
Japanese economy besides Deming. Juran emphasized the importance of human 
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factors, such as leaders and managers, and did not limit quality management to 
planning, controlling, and improving products [20, 29]. Because of these indi-
viduals’ insights, Japan opened to cooperation and collaboration with other 
countries and diverted its production focus from military arms and equipment to 
quality household products. Japanese focused on overall quality improvement 
by improving the whole organizational procedure involved in the development 
of products, moving toward the assurance procedure (Quality Assurance). They 
introduced Company Wide Quality Control (CWQC) in 1960 instead of statisti-
cal quality control [30]. In 1969, the Japanese first-time presented TQM’s con-
cept (Total Quality Management) in an International quality management 
conference [16, 19]. The TQM applied to the management of quality of work of 
all employees ranging from workers to the head of a particular organization 
[31]. The United States was still focused on Quality Control through the inspec-
tion of products and goods at the end of the manufacturing procedure and 
removing the defective lots. Later, the United States embraced and embarked 
upon adopting the Total Quality Management Approach.

1.5  International Organization for Standardization

International Organization for Standardization (ISO) is a special international 
agency, which developed a series of standards to maintain quality levels at the 
international level. The organization had 160 countries following the norms devel-
oped by the organization. At present, globally, 178 countries have adopted these 
guidelines, and over 1 million registrations of organizations from various countries 
have been made [32]. ISO was established in 1987 [16]. Each country has its 
national standard bodies that participate in ISO and maintain quality in the country 
based on ISO guidelines; ISO guidelines can be adopted by diverse industries and 
work areas for maintaining quality [33]. These guidelines are mainly concerned 
with the documentation of all the processes involved in manufacturing or develop-
ing a service or a product.

ISO 9000 is a series developed by ISO to define Quality management and 
Quality assurance procedures for various companies to follow and maintain 
overall quality and meet the requirements of industry and companies [34]. The 
series was first published in March 1987. Later on, it was updated periodically 
to meet the evolving needs of the markets and businesses (Table  1.1). Along 
with ISO9000, the ISO developed guidelines for quality management in other 
fields as well, such as ISO 14000 (Environment management), ISO 26000 
(Social responsibility guidelines), and ISO 31000 (Guidelines for management 
of risks).

R. Khosla and V. Srivastava
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1.6  Great Failures of Quality

Failures of quality management make an important part of the history of Quality 
assurance. Despite having various quality assurance measures, some of the failures 
present the importance of quality and rigorous actions that need to be followed to 
prevent such historical failures of quality. Table 1.2 represents such events; all these 
organizations were ISO and Q.S. certified [37].

Table 1.1 Updated versions of ISO 9000 series. The ISO 9000 series was updated in 2000, 2008, 
and 2015 after got published in 1987

Sr. 
no. ISO updated versions Year Goals and principles to achieve
1. ISO9000:1994 1994 More focus was on preventive actions to improve 

quality. Emphasized Quality Assurance.
1. ISO 9000:2000 2000 Five goals were laid to achieve.

It should meet the needs of stakeholders.
It should be simple enough to understand and 
implement.
It should apply to various sectors.
It should apply to all organizations despite their size.
It should connect quality systems and business 
processes [34].

2. ISO 9000:2008 2008 Documentation.
Management commitment.
Customer satisfaction.
Corrective measures.
Training of personnel and management of resources.
Planning and design.
Process control.
Analysis of process.
Continuous improvement [35].

3. ISO 9000:2015 (Latest 
version)

2015 Seven management principles were there.
Continuous improvement in processes and 
performance.
Decisions should be evidence based.
Consumer and users should be satisfied.
Relationships and collaborations should be well 
maintained.
Process approach.
Engagement of people.
Leadership [34, 36].

Note: Organization following ISO 9000 are certified for following these norms as ISO 9001 
certified

1 Historical Overview of Quality Assurance in Biological Research
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1.7  Good Manufacturing Practices, Good Clinical Practices, 
and Good Laboratory Practices

Quality assurance is a field that has developed over the years and permeated into 
various sectors to ensure the quality of work. Various guidelines and practices have 
been put forth to achieve the goal of quality assurance. According to the field of 
work, there are three main domains that provide regulations and guidelines for 
maintaining quality in an organization.

1.7.1  Good Manufacturing Practices

For manufacturing companies, these guidelines are provided under the name of Good 
Manufacturing Practices (GMP). The first proposal of GMP was finalized in 1963 
[38, 39]. Regulation in the manufacture of pharmaceuticals and food products 
became indispensable because of various past events in the manufacture of drugs, 
medical devices, and food supplements that could have caused hazards. Table 1.3 
enlists some of such events that made it essential to maintain quality in such compa-
nies. FDA originated in 1906 after the book “the jungle” was published, which 
exposed various such events. In 1938 Food Drug and Cosmetic Act was passed [40]. 
The final rule for GMP was published in 1978 for drugs and medical devices [38, 41].

1.7.2  Good Clinical Practices

For practices in hospitals and clinics, quality management guidelines were named 
Good Clinical Practices (GCP). GCP also lays down the guidelines and regulations 
for conducting clinical trials for various drugs. Q.A. (quality assurance) personnel 

Table 1.2 Failures of quality. Failures of the past’s quality management in various organizations 
caused colossal damage and could have been very dangerous for humankind

Sr. 
No. Organization Year Failure

Associated 
casualties

1. Ford Since 
2004

Recall of over 24 million vehicles for 
malfunction

No casualty 
reported

2. Honda 2011 Recall of 1 million vehicles because of 
electrical problems

No casualty 
reported

3. Endo 
Pharmaceuticals

NA Recall of 1.4 million packages of birth 
control pills because of labelling error in 
the sequence of taking the pills

No casualty 
reported

4. Mattel 2007 Recalled over 11 million toys because of 
the danger of lead paint and small 
magnets that could cause choking hazards

No casualty 
reported

5. Bridgestone/
Firestone tires

1994, 
2000

Recalled over six million tyres 46 deaths

R. Khosla and V. Srivastava
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have important roles in clinical trials for establishing the effectiveness and safety of 
a drug or procedure. Along with malpractice in the manufacture of drugs and food 
products, the clinical trials for new drug approval were also being practised in an 
ill-defined manner. Unethical practices by medical researchers were not uncom-
mon, and participants’ safety and well-being were ignored. To prevent malpractice, 
the Nuremberg Code was established following the infamous Nazi’s trial [42, 43]. 
In 1964, the World Medical Association proposed a formal and more stringent state-
ment than the Nuremberg code known as the Declaration of Helsinki [44, 45]. The 
Helsinki declaration reinforced the health of patients having precedence over every 
other aspect of research. The latest update in this declaration was brought in 2008 
[46]. During the 1970s and 1980s, different worldwide guidelines were being prac-
tised, which impacted pharmaceutical manufacturers’ efficacy and efficiency world-
wide. The International Conference on Harmonisation of Good Clinical Practice 
(ICH-GCP) came into existence to address these problems. Nowadays, these guide-
lines are being practised for clinical trials on human subjects.

1.7.3  Good Laboratory Practice

In 1972, in order to maintain quality in nonclinical practices (pertaining to environ-
mental health, safety, and processes involved in clinical studies), to regulate activi-
ties involving toxicity and hazards in chemical laboratories, and to systematize and 
standardize research planning, execution, monitoring, recording, and reporting, 
Good Laboratory Practices (GLP) for quality and verifiability purposes were intro-
duced [47]. Term GLP was first time introduced in New Zealand and Denmark [48, 
49]. The aim of GLP guidelines was quality assurance in clinical research. The 
origin of GLP in the United States originated following the incidence of Industrial 
Bio-Test Inc., which posed a doubt of integrity for more than 200 pesticides associ-
ated with inaccurate reports and obscure data [50]. In 1970, four scientists faced a 
trial, and the company, Industrial Bio-Test Inc. (IBT), Illinois, USA, was alleged for 
giving false reports of around 200 chemicals [37]. Considering the harmful effects 
of pesticides on the environment, the 1970’s Environmental Protection Act (EPA) 

Table 1.3 Events that prompted companies to maintain quality

Sr. no. Year Events
1. 1905 The Jungle Book
2. 1933 America’s Chamber of Horrors
3. 1935 Elixir of Sulfanilamide
4. 1944 Public Health Services Act
5. 1941, 1945 Lot wise testing and approval by the FDA (insulin, penicillin, 

respectively)
6. 1955 Failure to inactivate the poliovirus
7. 1960 Thalidomide tragedy
8. 1982 Poisoned Acetaminophen capsules
9. 1983 Requirements for batch certification were dropped

1 Historical Overview of Quality Assurance in Biological Research
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was formed in the United States to test the safety of pesticides [51]. That was the 
reason in the early 1970s, nearly 40 toxicology laboratories were tested for the qual-
ity of the research along with IBT.  Other companies and laboratories were also 
found providing fraudulent data regarding the chemicals and pesticides being tested 
in these laboratories. Similar to the IBT case, the other major fraudulent data was 
presented by G.D. Searle & Company of Illinois [52, 53]; the company was involved 
in the production of drugs and food products named Flagyl, Aldactone, and 
Aspartame. Flagyl was later on found to be tumorigenic for animals. Aldactone was 
also found to have carcinogenic effects. These events were the marker of unregu-
lated malpractices and a need to regulate nonclinical practices, environmental 
safety, documentation, reporting, and achieving using good laboratory practices. 
GLP was first published in the United States in 1978 and became law in 1979 [52]. 
Some changes were made in 1984, and the final rule was published in 1987. GLP 
lays down the guidelines for maintaining quality in the practices involved in non-
clinical activities, production, and testing the toxicity of various chemicals. The 
GLP guidelines were adopted by OECD (Organisation for Economic Cooperation 
and Development) in 1992 [54].

All these efforts were directed toward improving the quality of research in labo-
ratories. Preservation of resources and animals involved in testing and the use of 
chemicals became a big issue due to the burgeoning list of chemicals used in labo-
ratories and industries [55]. To prevent overuse of resources and animals and 
improve the quality of data produced by various laboratories, the OECD published 
new guidelines in 1981 [56, 57]. According to these guidelines, the data for the 
toxicity of a chemical produced by an OECD member country will be accepted in 
all other countries. There is no need to duplicate data in other countries. This agree-
ment is known as Mutual Acceptance of Data (MAD). In 1997, non-OECD coun-
tries also accepted the policies of MAD [54].

1.8  Origin of GLP in India

In India, the GLP was first introduced in 1983 [58], following GLP and OECD 
principles. The first usage of insecticides in India took place in 1948 in the form of 
DDT for malaria control and then for locusts. Without having a standardized proce-
dure, the insecticides were used inconsistently and without considering the ill 
effects that they may cause on the environment. Many people died in the state of 
Tamilnadu, India, in 1958. As a result, the Insecticides Act of 1968 was published. 
Later in 1980, the National Coordination of Testing and Calibration Facilities 
(NCTCF) was set up by DST (Department of Science and Technology) of Govt. of 
India. In 1990, the NCTCF was converted to NABL (National Accreditation Board 
for Testing and Calibration Laboratories), a constituent board of Quality Council of 
India. NABL follows ISO guidelines and helps in the accreditation of Indian labo-
ratories to international norms [48]. Also, NABL provides accreditation to laborato-
ries for testing and approving chemicals and pesticides in India [49].

R. Khosla and V. Srivastava
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Along with NABL, NGCMA (National GLP Compliance Monitoring Authority) 
is established in India for the maintenance of the quality of nonclinical health and 
safety data/studies of GLP laboratories, as certification is voluntary. National GLP 
Compliance Monitoring Authority was established by DST in 2002, and India 
became a member of OECD in 2011, agreeing to the norms of Mutual Acceptance 
of Data (MAD). India was the third emerging economy or developing country to 
become a MAD member after Singapore and South Africa [58].

1.9  Quality Council of India

In 1997, the Quality Council of India (QCI) was established to safeguard users’ best 
interest in various services and products in India [59, 60]. QCI came into existence 
to provide attestation and accreditation to organizations and companies involved in 
various trades, such as health care, toxicity, and pharma laboratories, industries, in 
the area of education and training. The main aim of the QCI is to preserve quality. 
QCI is a National Quality Campaign which was started with a tagline “Creating an 
ecosystem for Quality” by the Department of Industrial Policy and Promotion 
(DIPP) under the Ministry of Commerce and Industry [59]. The concept of QCI first 
came in 1992 when a need for an accreditation body was realized for industries 
along with laboratories. In 1996 the idea was proposed in the cabinet, and the 
Quality Council of India was established in 1997 [61]. Three other prominent orga-
nizations coordinated with QCI: Associated Chambers of Commerce and Industry 
in India (ASSOCHAM), Federation of Indian Chambers of Commerce and Industry 
(FICCI), and Confederation of Indian Industry (CII) [60]. QCI is made of four com-
ponents, the lower one being the Accreditation boards and the upper one being the 
Governing Council [37]. The Accreditation boards consist of NABCB (National 
Accreditation Board for Certification Bodies), NABET (National Accreditation 
Board for Education and Training), NABL (National Accreditation for Testing and 
Calibration Laboratories), and NABH (National Accreditation for Hospitals and 
Healthcare Providers). NABCB grants accreditation to organizations in areas such 
as environmental management, information security, and food safety. NABET pro-
vides accreditation to education/training institutes and facilities for students, NABL 
to laboratories involved in testing and calibrations, and NABH to hospitals, clinics, 
AYUSH (Ayurveda, Yoga & Naturopathy, Unani, Siddha, Sowa-Rigpa, and 
Homoeopathy) centers, and other such centers concerned with the health sector [62].

The history of Quality Assurance and the various efforts made to maintain quality 
provide a firm foundation for furthering quality management and good quality manage-
ment practices. However, the Quality Assurance and GLP system are yet to be utilized 
effectively in academia and research laboratories. There is a compelling need for imple-
menting quality and GLP systems to increase accountability in research laboratories and 
enhance the quality of research, efficacy, and reproducibility of results.

This book aims to help all stakeholders who want to benefit from adopting and 
establishing a GLP system. The upcoming chapters explain in detail the various 
aspects and requirements for embracing and establishing the GLP system. The GLP 
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system’s principal provision is data integrity, verifiability, procedural credibility, 
and accountability. Research data audit ensures the authenticity and efficacy of the 
outcomes.

The concept of the audit comes from the need for accounting. Knowledge of 
audit has been mentioned in the ancient texts of Kautilya named Arthashastra. 
Arthashastra emphasized personal duty and upheld the righteousness of behavior, 
conduct, and attitude in economic pursuits for the greater good. In India, the Institute 
for charter accountants was established in 1880 to prepare auditors [63]. Earlier, the 
audit was mainly focused on cash exchange transactions, but its focus shifted in the 
1970s to include the system and processes [64]. The process of data auditability has 
been explained in more detail in the chapter entitled “Conceptual framework for 
research data auditability.” For auditing and maintaining quality, skilled human 
resources are required, and proper training of all personnel involved in any organi-
zation is another important requirement for GLP, which has been explained in the 
chapter entitled “Management of Skilled Human Resource by the Youth-Oriented 
Good Laboratory.” Also, a trained Q.A. (Quality Assurance) person is needed to 
assess the quality of production and service being provided by an organization. But 
even the most skilled persons can commit mistakes if they do not follow some qual-
ity guidelines and procedures consistently, which necessitates the requirement to 
follow standardized protocols with built-in checks and balances. The fourth chapter, 
entitled “Operationalisation of research SOPs for Ph.D. Scholars,” deals with the 
operationalization of SOPs (Standard Operating Procedures), and modules for mak-
ing SOPs efficacious, have been described. To assess the effective implementation 
of the SOPs and their compliance in laboratories or companies, real-time data entry 
following steps of an SOP and using Data Recording Sheets (DRS) is crucial for 
quality assurance. The procedure for creating DRS has been explained in the chap-
ter, creating data recording sheet (DRS) in the quality management system. While 
performing any work or generating any data, it is essential to note all the steps and 
procedures followed in a sheet to enhance the data’s integrity and the experiments’ 
reproducibility.

Decreasing productivity loss and maintaining efficiency have always been daunt-
ing tasks in academia. Maintaining productivity and keeping the personnel moti-
vated, a proper plan, and its implementation are prerequisites. A good work plan 
with clear expectations, realistic timelines, crisis management steps, procedural 
steps to manage external variables, distractions, services, and ethical guidelines can 
improve productivity, work environment, and information flow. Such measures can 
contribute to solidifying further accountability in human and other resource man-
agement. There is an important parameter in the GLP system to define a timeline for 
the whole month’s work, and it is mandatory to follow the timeline. There can also 
be a self-proposed timeline that individuals can make themselves for their own ben-
efit and enhance productivity. This timeline is named as Master schedule (MS) in 
the GLP system. The chapter entitled “The value of Master Schedules in bench-
marking research productivity” has elaborated in detail on the value of MS.

As defined earlier, the book’s main aim is to present a guide for those who want 
to establish the GLP system in their laboratories, mainly for research and academic 
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laboratories. The following chapters present systematic guidelines for research 
scholars and professionals working in academia to manage quality, increase produc-
tivity, enhance accountability, improve information flow, and secure the integrity of 
data and outcomes.

Record keeping of the work performed and protocol followed, along with keep-
ing records of the resources used, is equally crucial and challenging. Effective 
record-keeping practices of resources can help track chemical consumption, their 
expiry dates, timely and/or effective use of chemicals, and the efficiency of the 
chemical or instrument’s performance. Keeping log sheet records of chemical scan 
contribute positively to financial sustainability and waste management. Log sheets 
are mainly of two types: laboratory and personal. Personal log sheets are required to 
maintain records of research scholars’ academic progress, whereas laboratory log 
sheets track the laboratories’s resources, information, and internal transactions. The 
log sheets can help fulfil the legal requirements, obligations, and be instrumental in 
applying for a patent, avoiding inventorship issues. Log sheets can help scholars in 
keeping track of progress, which is explained in the chapter.

As described earlier, Quality Assurance is an indispensable part of the quality 
management system. Quality assurance must be implemented by trained personnel 
who is a Q.A. person and can invigilate any kind of misconduct in research or 
resource management issues. The focus of the book is to enhance accountability, 
improve human and material resources management, avert allegations of miscon-
duct, data fraud, and fulfil financial and ethical obligations. The chapter dealing 
with data fraud (Data fraud and essence of data verifiability) describes the various 
kinds of data fraud carried out in the past. The historical overview in this chapter 
can help enhance people’s understanding of data frauds jeopardizing the lives of 
many. Data verifiability has become an integral part of the quality management 
system and the GLP system to provide high-quality data and prevent data fraud in 
laboratories. The chapter details the various falsification and plagiarism reports with 
case reports. Institutional mechanisms and penalties have also been described. 
Documents handling and record management have been emphasized and mentioned 
with clear steps. The preserved documents, data, and records can help provide the 
traceability of fraudulent data. As a result, the archiving of documents in a proper 
fashion is essential and has been explained in the chapter. The role of document 
control and archiving records in management, along with data fraud, the lack of 
quality regulations can generate academic and ethical conflicts as well. Without 
proper records, false allegations of data fraud can tarnish scientists’ credibility and 
generate inventorship conflicts. How can these academic conflicts be avoided has 
been presented in the chapter “Instigation and Adherence to the Quality Assurance 
Programme to Avoid Academic Conflicts.” Various orientation models have been 
discussed in the chapters to keep the staff and scholars motivated and conflict-free. 
Laboratory orientations are also entrusted to maintain the safety of the staff and the 
laboratory.

All the persons working in a chemical laboratory need to be familiar with the 
MSDS (Material Safety Data Sheet) of all chemicals placed in these areas along 
with the first aid facilities. Such orientation procedures have been explained in the 
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chapter, laboratory orientations, meetings, and value of communication. 
Communication is vital for maintaining a healthy environment, and it can be 
enhanced through two interfaces: regular meetings and the activities related to 
Academic Social Responsibility (ASR). Academic Social responsibility has been 
made compulsory by DST (Department of Science and Technology) in India. Also, 
this is ethically pertinent that science institutes connect with communities and 
understand their social responsibility. ASR is a part of the quality assurance system 
and is discussed in the chapter “Academic Social Responsibility and Quality 
Assurance in the Developing World.”

Overall, this entire effort, the GLP system, and quality management have become 
complementary to maintain the quality and high level of service and research, ensuring 
the well-being of staff and researchers while contributing to society’s well- being in 
general. Different models and approaches to research data generation and consumption 
have been highlighted in all the book chapters. Maintaining data quality is as essential 
as the generation of data. The data integrity can be maintained by digitizing the records 
and documents. Paper archiving is equally important, and it has its associated risks of 
losing data over time. Preserving data and records in a digitized format can minimize 
such risks. Technological advancements have made it possible to preserve and protect 
large datasets while maintaining data integrity. The last chapter, “The Impact of Data 
Digitization on Data Integrity” describes the procedure of digitization and the nature of 
digitized data with the help of various software. The book covers the entire cycle of 
quality in a system and how to integrate it into research, academic, or institutional level 
with specific details of implementation procedures of Quality Assurance.
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2Conceptual Framework of Research  
Data Auditability

Rahul Tyagi and Venkatesh Thuppil

2.1  Introduction

The World Health Organization (WHO) defines Research as “development of 
knowledge with the aim of understanding health challenges and mounting an 
improved response to them.” The five major areas being covered in research include 
“measuring the problem; understanding its cause(s), elaborating solutions; translat-
ing the solutions or evidence into policy, practice and products and evaluating the 
effectiveness of the solutions” [1]. Even though the core principles of basic research 
were framed on the moral ground initially, the criticality and dimension of research 
data auditability, has been realized lately. US Food and Drug Administration (FDA) 
introduced the Good Lab Practices (GLP) in 1976 for the nonclinical studies. 
Thereafter, the Organisation for Economic Co-operation and Development (OECD) 
constituted the Good Lab Practices (GLP) under the special program on the control 
of chemicals in 1978.

Across the globe in the recent COVID-19 global pandemic, the Clinical 
Research Data Management (CRDM) is finding a significant role in the outcome 
and application of modern-day reliable clinical data in almost all areas of clinical 
research with special reference to demographic data and data concerning drug 
trials, vaccine efficacy, and diagnostic requirements. Reliable scientific data gen-
erated through various means by systematic and planned clinical research are 
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unconditionally accepted. When validated methodology is used to get similar 
data at a different clinical setup, it is widely accepted by the scientific commu-
nity. Such data eventually becomes dependable and reproducible across similar 
researchers working in different locations, provided that their basic resources are 
comparable. Modern-day clinical researchers have realized that the management 
of clinical research data, when unconditionally accepted, needs to be sustainable 
and used for a long period by any researcher to further invent and innovate, using 
the generated research data. In this context, both basic and applied clinical 
research is important which includes primarily discovery, invention, and innova-
tions. Discovery refers to what has already existed but not realized till it was 
found either by systematic and planned study or by mere accidental discovery 
during clinical studies comprising explorations and investigations. The informa-
tion gained from what is discovered is subjected to further in-depth probing by 
the same or different researchers/subject experts. Such information and data 
often result in inventions using certain intrinsic properties of what is discovered. 
To make it simple, for example, when an element or virus is discovered, many 
things are invented using this discovery during the course of time. The invention 
is further modified and made economically available and scientifically accept-
able by many through further innovation.

What is not there cannot be seen or found

True researchers have accepted that they have moved from the classical and tra-
ditional methods of generation of new data, which is subsequently presented in 
scientific meetings leading to an in-depth debate, arguments, and discussions by 
subject experts. This is apart from presenting the data at annual conferences. 
However, researchers have realized that in the present day, data management also 
involves what is more popularly known as conceptual framework. Other means such 
as publishing the data through peer-reviewed journal articles or quoting in standard 
textbooks and preparing research reviews, still remain questionable by many for 
authenticity of the research data as several journals and textbooks lack credibility of 
their status.

Conceptual framework for clinical research data refers to “the way scientific 
ideas originated in the minds of researchers in clinical setup, which are systemati-
cally organized and planned to achieve what is preconceived in the minds of clinical 
researchers apart from meeting the research project’s purpose as an expected out-
come.” Conceptual framework is always linked to the main purpose and definite aim 
of the research. Purpose and aim in this context composed of predictions and vari-
ous pre-planned means of realizing what is predicted.

A true clinical researcher always dreams of reliable data and chases the dream which keeps 
the researcher awake till the dream is realized.

Conceptual and theoretical framework for Clinical Research Data Management 
(CRDM) involves primarily identifying the variables that have significant influ-
ences on the research data generated, apart from mapping the interaction of these 
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variables and understanding how they can have an impact on the research data used 
for decision-making. Sharing of the research data through open access publications 
eventually helps in promoting the growth of research and development and reduces 
duplication of hard work. Conceptual and theoretical frameworks are distinctly 
similar; a few differences have been outlined below.

Conceptual framework: The key to the conceptual framework is strong lit-
erature support, which develops after rigorous literature review. The hypothesis 
associated with the framework is then tested. Sometimes, conceptual framework 
is redefined, refined to meet the personalized research model or research 
framework.

Theoretical framework normally adheres to theories, models, and frameworks 
that one has to review during a literature survey. Normally, a researcher will develop 
their conceptual framework based on previous theoretical designs. Theoretical 
frameworks are important, as without them a conceptual framework may not work.

The visual format of the conceptual framework for research data makes its man-
agement more effective and saves time and resources. Variables that influence the 
research data management need to be correlated in the visual framework. This is 
normally done by adopting any or all of the following by constructing the concep-
tual framework by:

• Firstly, identifying the significant key performance variables (KPV) which are 
commonly used in the specific performance area (SPA) of the research study 
outcome.

• To prepare key performance variables within what is realized about the subject 
area which primarily covers both current and earlier review of published 
literature.

• Finally, segregating them as either dependent or independent key performance/
specific variables in the management of research data.

However, the conceptual framework is a powerful analytical tool that is used to 
get a comprehensive understanding of a research concept/phenomenon during data 
generation. A conceptual framework always helps the researchers in formulating a 
plan as to what to expect and find through their research, whether their intent of 
research through appropriate data management is realized or not. Methods employed 
in empirical research are concerned with verifiable observations rather than mere 
theory, or even pure logic which can provide a greater insight into research data 
management “they provided considerable empirical evidence to support their 
argument.”

Research data auditability is a basic requirement to ensure the quality and ade-
quacy of research data. A planned and systematic research data generating system is 
often referred to as Quality Management System (QMS), which needs to be vali-
dated by the researchers/research team involved through an independent audit of the 
system and the outcome has to be verified using audit tools by any independent 
party competent to audit the system. This can be easily achieved by checking well- 
kept records, transparency of its operational reporting, provided the managers 
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provide substantial paperwork to the auditor. The audit involves checking the struc-
tural requirements, the processes adopted, and finally the reliability of outcome of 
the data. When a similar audit process is done by an independent third-party audit, 
it results in accreditation.

2.2  Clinical Research Data Management (CRDM) 
and Conceptual Framework and QRMS

As we had earlier noted, the scientific ideas that originated in the minds of research-
ers have to result in the expected outcome of research data based on several deci-
sions which require quality resources to be handled by competent people in Clinical 
Research Organization (CROs). This can happen only where Quality Clinical 
Research Management System (QCRMS) is in place.

2.3  Essential Eight Quality Resources for Any Research 
Organization Are (5M, + 2E, + & 1I)

 1. Manpower in the research organization must be highly competent. 
Competency is the combination of appropriate qualification, adequate training, 
and sufficient experience. However, the combination of competence, righteous-
ness, and courage to speak out the truth results in skills much needed for generat-
ing research data.

 2. Management must be committed and passionate about research and the 
research data. The management of the research organization has a great role to 
play apart from having legal entity, responsibility, and commitment. It is appro-
priate to have management with adequate knowledge about the goals and objec-
tives set by the research organization.

 3. Mechanism/machinery must be foolproof at all times while generating 
research data. This refers to the process flow at all levels of work.

 4. Methods used must be validated and verified before use. This ensures that 
valid research data be obtained. Validated methods must be subjected to the pro-
cess of verification provided that no changes in the validated method are made 
in-house.

 5. Material procured and used in the research process to generate valid data 
must be of ensured quality.

 6. Equipment used to quantify and measure must be calibrated by the accred-
ited calibration laboratories and should be well maintained.

 7. The environment under which the research data is generated must be con-
trolled, monitored, and recorded in addition to being periodically reviewed 
for its suitability.

 8. Information management must be reliable. Whatever is applicable to equip-
ment is also applicable to information used in the data management.
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All of the above eight resources form the structural requirements of the research 
organization are essential to generate research data. The final clinical research data 
obtained will be the true outcome, which is dependent on the appropriate processes 
adopted. Hence Structure-Process-Outcome based research data is acceptable 
provided it is based on a mutually agreed upon standard. In order to ensure the 
appropriateness of this requirement, the management needs to have well docu-
mented and implementable policies understood by all the clinical researchers. What 
is understood needs to be implemented by adopting validated procedures and finally, 
the only evidence that these are truly in place is evidenced and supported by the 
records. This type of research organizational system is considered as Quality 
Research Management System (QRMS) [2].

Quality is never an accident-it is always the result of high intention, sincere effort, intelli-
gent direction and skillful execution; it represents the wise choice of many alternatives—
William A Foster

2.4  Importance of Quality Assurance and Quality Control 
While Looking at Clinical Research Data

2.4.1  Quality Assurance (QA)

In clinical research is a way of preventing mistakes or defects while generating 
research data and avoiding problems when delivering solutions or services to end- 
users of the clinical data; which ISO 9000 defines as “part of Quality Management 
System referred above which is focused on providing confidence that quality 
requirements will be fulfilled.”

“The terms “quality assurance” and “quality control” are often used inter-
changeably to refer to ways of ensuring the quality of a service that uses research 
data in research organizations. The terms, however, have different meanings. 
Assurance: The act of giving confidence, the state of being certain, or the act of 
making certain. Quality Assurance: The planned and systematic activities imple-
mented in a quality system so that the quality requirements of valid research data 
will be fulfilled. Control: An evaluation to indicate needed corrective responses; the 
act of guiding a process in which variability is attributable to a constant system of 
chance causes. Quality control: The observation techniques and activities used to 
fulfill requirements for quality. This is where the measurement of uncertainty in the 
data generated/obtained will play a major role in providing dependable information 
based on which decisions can be taken.

Let us consider as an example, the use of appropriate quality control from a 
medical research perspective:

Quality control is required in clinical research to monitor the performance of the 
research procedure, to ensure the reliability of data generated, to maintain both 
precision and accuracy. In many countries, quality control (QC) also means “inter-
nal” quality control (IQC).
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Controls in medical research are of three types:

 (a) Commercial lyophilized material (assayed; the values are known).
 (b) Commercial stabilized, low-temperature liquid material (assayed; the values 

are known).
 (c) Pooled serum prepared in-house (unassayed, values not known).

Commercial lyophilized material is reconstituted using laboratory deionized 
water, as per the procedure provided by the manufacturer/supplier. The low- 
temperature liquid material eliminates pipetting error as there is no reconstitution 
step. The in-house pooled serum is prepared by pooling the leftover serum samples 
provided the measurand is well preserved (Measurand is the property of the analyte 
which is estimated, based on which the methodology is developed and validated, for 
which the accreditation by the third party is obtained). The internal quality control 
samples should test negative for HIV and hepatitis B viruses.

The control measurements are made only after the control materials are dispensed 
as aliquots in small volumes (about 500 μL) in vials. The control materials should 
mimic the patients’ samples (should have the same matrix characteristics as the 
patient’s sample which includes contents, color, and viscosity). Adopting appropriate 
quality control has always ensured reliable research data as seen in medical research. 
This helps in creating conceptual frameworks that are connected to a research purpose 
or aim at minimizing the uncertainty factor of research data. Uncertainty of the research 
data is attributed basically to five variables (causing SWIPE) which are:

• Standard used must be of high quality.
• Work procedure adopted should be validated.
• Instrument calibration must have an unbroken chain of traceability.
• Personnel must be appropriately trained.
• Equipment to measure must be calibrated.

The above framework is based on SWIPE. This can minimize the uncertainty 
factor of the research data ensuring the validity of the research data. This is an 
example of the conceptual framework which illustrates what is expected through 
planned research. It encourages in streamlining the relevant variables for the 
research and maps out the relation of each other. Research data has a chronological 
life cycle and phases from the creation, to analysis, organization, validation, stor-
age, and sharing influenced by the uncertainty factor. Considering this to some 
extent helps in research data management. Apart from this data privacy, data secu-
rity, copyright, and licensing are of utmost importance. In clinical research, the data 
needs to be protected as the issue of confidentiality is of prime importance. This 
factor is normally governed by local, regional, or national clinical research-related 
regulations and statutory requirements of the state policies concerned [3].

Parsons et al. in their article “A conceptual framework for managing very diverse 
data for complex, interdisciplinary science” have mentioned that the data should be 
discoverable, open, linked, useful, and safe. According to them the data must be 
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kept at appropriate locations and shall be traceable, openly accessible in system- 
dependent manner. It shall be interrelated and connected. Most importantly the data 
shall be protected from being stolen, lose [4].

Audit with reference to Conceptual framework for clinical research data.
In order to adopt and fulfill quality requirement/s, several tools are used to Assess, 

Quantify, Monitor, and Report (AQMR) on the application of the data generated dur-
ing clinical research and to study its Impacts. The most common among them is an 
audit which requires the concerned clinical researchers to have audit ability.

Apart from this, an audit is a systematic, independent, and documented process 
for obtaining and checking the clinical data generated and evaluating it objec-
tively to determine the extent to which audit criteria are fulfilled as per the require-
ment of ISO 19011. Audit of the clinical research involves both, individual data 
tracer and system tracer methodologies. An audit undertaken by the management 
is considered as an internal audit while the user of the data conducting an audit is 
considered as an external audit. During the audit of quality, clinical research qual-
ity tools are to be looked into. For example, the Cause and Effect diagram 
(Ishikawa “fish-bone diagram”) identifies many possible causes for an effect or 
problem and sorts ideas into useful categories while generating scientific data. It 
can help in brainstorming to identify possible causes of a problem and in sorting 
ideas into useful categories. A fishbone diagram is a visual way to look at cause 
and effect. The problem or effect is displayed at the head or mouth of the fish. This 
can be seen on YouTube under Fish-bone cause and effect and root cause analysis.

2.4.2  Auditability

Auditability depends upon many factors such as competency of the auditor, inde-
pendency provided to the auditor, and unbiased implementation of audit process in 
clinical research comprising of the following:

• Competent auditors must have good knowledge about the QMS of the clinical 
research organization (CRO) while conducting the periodic audit of the system.

• CRO must comply with statutory and regulatory requirements while implement-
ing standards, guides, and is required to comply with the International/National/
Local/institutional requirements.

• Planned audit and the audit process need to be documented.
• Audit must cover all areas of activities and all concerned in the process.
• The outcome of the audit needs to be reviewed by the management and appropri-

ate action should be taken within the acceptable time limit.
• Auditors can support the quality management system by providing inputs.
• All records and related documents generated during the audit must be retained 

for a pre-defined period.
• Any limitation on the part of CRO, identified during the audit is to be considered 

as an opportunity for improvement (which was earlier termed as nonconformance). 
It must be addressed irrespective of the kind or type of resource requirement.
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Audit of the QMS generating the clinical research data is essential for ensuring 
the quality of the Conceptual framework employed [5]. Auditor’s ability is defined 
as the ability to check the accuracy of the data when they check the organizational 
QMS. Auditor’s ability can be influenced by a biased auditor not being sufficiently 
independent of the entity being audited.

2.4.3  Audit Cycle and Quality Improvement

Auditors need to have a well-defined audit plan. What is planned has to be meticu-
lously audited. The outcome of the audit must go through proper checking for any 
deviations from the implementation of the QMS while generating the research data. 
After the root cause and CAPA analysis, measurable quality indicators are used as 
markers of quality improvement. This audit cycle also called Deming cycle is nor-
mally repeated annually so that continual improvement is achieved. The schematic 
representing the audit cycle has been provided in Fig. 2.1.

Plan
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o

- Responsibility of top
  management
- Energy policy
- Management
  representative
- Energy review
- Objectives and action
  plans

- Management review
- New strategic goals
- Optimization

- Monitoring
- Analysis
- Corrective action
- Preventive action
- Internal audit

- Implementation and
  realization
- Communication
- Training
- Awareness
- Operation Control

Check

A
ct

Fig. 2.1 Schematic audit cycle as an example for energy audit [6]
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To put it in simple terms, one needs to consider the use of an appropriate concep-
tual framework to generate dependable, reliable, and verified data, which has to be 
endorsed during the audit by competent auditors. A planned and documented audit 
helps in the process of monitoring continual improvement of the entire Quality 
Management System. Scientific data obtained in clinical research in well- established 
QMS has to be periodically evaluated through audit. Such a process will be evi-
denced by improvement in the measurable key performance indicators (KPI).

2.5  Framework for Basic Research Auditing

Basic research has never been included under the purview of quality standards and 
has resulted in fraudulent reports. Dawson et al. correspondence have published in 
the Nature regarding their concern for initiating the scientific data auditing practise 
similar to the banking system [7]. Similar suggestions for developing auditable sci-
entific data have also been reported [8–11]. Only a few centers globally could 
implement the quality research practices in basic research settings.

2.6  Designing the Procedures and Policies 
for Data Auditing

2.6.1  Preparation of a Quality Manual for Research Laboratory

The objective of preparing a quality manual is to enhance the efficiency, transpar-
ency, and accountability of the research facility by establishing a documented qual-
ity management system in accordance with international criteria of technical 
competence. A Quality Manual (QM) should be drafted as a collective effort by all 
staff including the quality manager and the study director. Personnel having a sound 
interest in the quality management system such as Good Laboratory Practices 
(GLP) should be nominated and trained for implementation of the Quality Assurance 
practices. Research staff should be acquainted with the required documents as well 
as assessment procedures. QM should clearly define the vision, scope, and objec-
tives of the laboratory along with an organogram of the organization, a structured 
management system with appropriate rules and regulations, along with mechanisms 
for advisory services, grievance redressal, purchasing procedures, supplies, service 
to patients, corrective and preventive actions, document control, Intra-Inter labora-
tory validations, templates, periodic calibrations, and training. The management 
shall have responsibility for the design, implementation, maintenance, and improve-
ment of the quality management system for increased transparency, accountability, 
and efficiency of the diagnostic facility.

QM should be drafted according to the laboratory functioning and vision. 
Existing scope and objectives in the quality manual should be compared with rele-
vant international and national agencies such as the International Organization for 
Standardization (ISO) [12], World Health Organization (WHO), Good Laboratory 
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Practices (GLP) as per the Organisation for Economic Co-operation and 
Development (OECD), National Accreditation Board for Testing and Calibration 
Laboratories (NABL), Department of Science and Technology, India (DST), Quality 
Council of India (QCI), and Bureau of Indian Standards (BIS). QM should be struc-
tured to organize the testing laboratories to be compliant and dedicated toward 
patient care and management with required precision and accuracy. The scope of 
implementation for clinical testing facilities is stringent as per the government rules. 
However, the basic research facilities may incorporate overlapping parts from vari-
ous guidelines for the formulation of the Quality Manual as per laboratory research 
area and infrastructure.

2.6.2  Personnel

The crucial element in establishing the quality assured facility includes the labora-
tory personnel or the in Life observer(s). The key responsibilities of the laboratory 
personnel have been described in Fig. 2.2.

2.6.2.1  Study Director
The study director conceptualizes and plans the activities. He/she is in charge of 
administrative tasks, financial controls, policy formulations, mobilization, and allo-
cation of human resources and arranging training opportunities to enhance their 
competence. The Study director ensures that the organization operates smoothly 
(Fig. 2.2).

2.6.2.2  Quality Assurance and Document Controller
QADC ensures that appropriate standards of quality are followed in the laboratory. 
Inspections of the facilities, the study, and the infrastructure are held by the 
QADC. They also prepare, update, and control the quality documents. QADC helps 
in quality assurance by assisting the study director.

Study Director

•  policy-making
•  scientific and advisory
•  professional decision-making
•  validation of test results

•  document control
•  inspection - personnel, study and
    facility-base

•  performing tests
•  evaluation and interpretation

QA

Technical and
Research Staff

Fig. 2.2 Responsibilities 
of laboratory personnel
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2.6.2.3  Research Staff
The end user of the entire plan may record and maintain the documents pertaining 
to the individual study.

2.6.2.4  Laboratory Technician
Their responsibility is to perform tests in the laboratory, keep records, and commu-
nicate with the researchers and patients.

2.6.2.5  Laboratory Assistant
Their responsibility is to get consent forms filled, coding, maintenance of stocks, 
and entries.

2.7  Research Design

The most critical aspect is proposing a research question that will answer the hith-
erto un-attempted areas. The research should create new knowledge in the field or 
correct previous errors by using appropriate methods. Various areas of research 
functioning may include diagnostic research like genetic screening of disorders, 
analysis of risk factors and biomarkers, in vivo studies including animal models of 
various pathologies, and in vitro manipulation of stem cells [13–19]. Maintaining 
the biorepository of samples including DNA, RNA (cDNA), plasma, serum, and 
lymphocytes is another area for which requires an in-depth documentation facility.

The design should outline certain objectives for which standard operating proce-
dures would be derived and documented. Pre-planned contribution policies, author-
ship plans, and plagiarism, and ethical guidelines should be outlined and competing 
interests should be identified. It is crucial to document the literature support leading 
to generation of the hypothesis of study design to reduce unnecessary replication of 
previously established studies. The research plan should spell out the applicability 
and future perspectives for the basic or clinical research studies indicating its trans-
lational capabilities. Based upon the research plan, the adherence to quality assur-
ance practices shall be proposed, streamlined, prepared, and implemented to monitor 
and audit the research data.

2.7.1  Conduct of Research

Major challenges for maintaining the research data integrity arises because the basic 
nature of conducting research is on moral grounds. Hence, a system-dependent 
documentation approach should be developed by the institutions/laboratories rather 
than person-dependent procedures. For execution of quality-oriented research data 
collection, principal investigators should develop formats for each step of research 
as previously reported [20–22]. It is crucial here to identify various steps for data 
curation and auditing strategies.
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2.7.2  Planning

This is one of the most critical steps. It involves documenting the yearly/quarterly, 
monthly/weekly planning after consultation with the PI/study director/management 
to prioritize the experimental workflow. A monthly master schedule (MS) shall be 
proposed by the researcher and submitted to the personnel handling the quality 
assurance. Besides tracking the output, preparation of MS provides a focused work-
flow to the research staff. It also keeps track of consumables, infrastructural require-
ments, and inventory management.

2.7.3  Standard Operating Procedure

Standard Operating Procedures (SOPs) provide uniformity in the research conduct 
and help establish system-dependent instructions for staff. There shall be an SOP 
for all procedures in the research facility including an SOP for SOPs. The standard-
ized procedures related to experimental protocols, administrative and accounting 
procedures, and academic activities shall have an SOP that is duly approved by the 
study director/management and submitted to QA. The QA independently monitors 
if the procedures conducted by the researcher adhere to the approved 
SOP. Conceptually, an SOP defines stringent steps which may not suit the dyna-
mism of basic research. Hence, as per requirements, SOPs can be revised from time 
to time.

2.7.4  Data Recording Sheets

Besides conventional raw books, there should be pre-formatted documents for real- 
time monitoring of the experiments. The format of the Data Recording Sheet (DRS) 
should be prepared under the supervision of the management and approved by the 
study director. Preferably, each DRS should be obtained from the QA personnel 
before conducting experiments. The DRS should record the experimental condi-
tions, flow of experiments, lots of instruments, and the consumables and any devia-
tions should be reported during the experiments. The DRS may be submitted to the 
QA after review from the study director.

2.8  Identification of Problems

2.8.1  Source of Information for Identification of Problems

 1. For every single procedure there shall be an in-built SOP, DRS, and, raw book 
available. Any experimental procedure performed in the laboratory shall be thor-
oughly followed by its respective SOP and properly documented in its respective 
DRS and raw book. Any deviation shall be reported in DRS as well as the raw 
book, which could be the source of information for identification of problems.
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 2. For every single instrument there shall be a logbook, instruction sheet, and 
equipment maintenance file available. Any experimental procedure performed 
through these instruments in the laboratory shall be thoroughly followed through 
their respective instruction sheet. Any deviation shall be reported in the logbook 
as well as instrument maintenance file, which could be the source of information 
for identification of problems.

 3. Cause analysis: Sources of information for identification of problems shall be 
discussed among the experimenter QA personnel and the management to evalu-
ate the cause of deviation and shall be documented in the respective DRS and 
equipment maintenance file.

2.9  Corrective Action

There shall be an existing laboratory’s policy on corrective action when noncon-
forming work or departures from policies and procedures in the management sys-
tem or technical operations are identified. The in Life observer(s) may be responsible 
for planning, implementing, monitoring, and documenting appropriate corrective 
action for individual instruments, maintenance, calibration, breakdown, and report-
ing deviations. The in Life observer(s) shall be solely responsible for individual 
instruments. The researcher shall be responsible for proper reporting and documen-
tation of procedural/technical errors. The QA personnel shall report this to the man-
agement and any deviations or amendments in the protocols shall be finalized after 
thorough discussion between the experimenter, QA personnel, and the management.

2.9.1  Selection and Implementation of Corrective Actions

It shall be the sole responsibility of the management to select the corrective action 
according to the type of deviation and it shall be implemented by the experimenter 
or in Life observer(s). The corrective measure shall be documented respectively and 
informed to the QA personnel also.

2.9.2  Monitoring of Corrective Actions

Corrective actions shall be monitored through respective log sheets, maintenance 
sheets, and periodical QA reviews. If the deviation is still not rectified, it shall be 
documented and immediately reported to the QA personnel and Management.

2.9.3  Additional Audits Where Nonconformities/Departures 
Cast Doubt

 1. Additional audits for instruments shall be performed by periodical calibrations 
and preventive maintenance.
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 2. Study-based auditing shall be performed in three layers of inspections: weekly 
inspection by the in Life observer(s)/experimenter, monthly QA review of study-, 
infrastructure-, and personnel-based inspections, monthly inspection by the 
management.

2.10  Capacity Building

Personnel involved in testing, research, and analysis of reports/data shall be appro-
priately trained, qualified, and duly supervised to conduct the procedure. To achieve 
sustained efficiency of personnel, periodic training shall be scheduled. Competency 
of the research staff should be evaluated periodically to assess the skill development 
and effectiveness of training procedures.

2.11  Future Directions and Clinical Implications

Auditors’ ability leads to verification of the authenticity of the data generated in 
clinical research. Normally in any Clinical Research Data Management (CRDM), 
conceptual framework is systematically organized and planned to achieve what is 
preconceived in the minds of clinical researchers. In the conceptual framework 
ideas are normally generated based on evidence in the form of data. Hence, total 
audit of the clinical research data ensures the appropriateness of the conceptual 
framework supporting CRDM.  Scientific integrity requires a system-dependent 
quality management procedure. Governments and Institutes should adopt need- 
based modules for establishing quality management systems in the research set-
tings. The new generation of researchers should learn quality management as a part 
of their curriculum to inculcate the spirit to maintain scientific integrity.
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3Management of Skilled Human 
Resources by Youth-Oriented Good 
Laboratory Practices (YOG)

Sheetal J Gupta and Ajay Kumar Sehgal

3.1  Introduction

The quality of the products or services mainly depends upon the employees which 
constitute the organization. The workforce is an important resource for improving 
the quality of work and is the central pillar of any organization. The accelerated 
pace of development in the modern era demands new skills and skilled human 
resources. Essentially, in order to follow good laboratory practices, skilled and 
appropriate human resources are needed. The competency and level of skill of 
human resources engaged should be customized to fit the requirements of the labo-
ratory. It is important to assess the competency of an individual and then train the 
individual accordingly, which would in turn help the laboratory in improving its 
overall performance and quality of service.

Under the current economic conditions, unemployment rates, age of the existing 
employees, and the pattern in which the older workforce retires certainly affects the 
youth looking for new jobs. The competition is increasing every day and for that the 
youth is putting in efforts to hone their skills. Switching over for better prospects is 
now in the blood of the skilled youth. It is essential to understand the current sce-
nario by analyzing the situation and future changes the industry going to face in 
order to manage the skilled human resources in a youth-oriented good laboratory.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-3074-3_3&domain=pdf
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mailto:sehgalak57@gmail.com


32

3.2  Best Practices to Manage Skilled Human Resources

For any organization or laboratory to survive in the current competitive scenario, the 
business strategy has to be aligned with the organization’s human resource practices 
so as to achieve the strategic goals of the organization. Also, since this is an era of 
technological advancement, hence, it is essential to keep pace with the changing 
environment and to further develop best practices to increase the efficiency of work 
at reduced costs.

New technologies and rearrangement of the skills in tune with these technologies 
is a fundamental requirement. Proactive human resources management along with 
cultivation of civic and spiritual values for their sustenance and developing disci-
plined work habits is essential to achieve the above-mentioned change in order to 
meet the challenges of today and the future [1].

3.2.1  Proactive Habits That Can Increase Productivity 
of the Youth While Working in the Laboratory

Productivity is very important for any kind of work, especially while working in a 
laboratory. There are a number of tasks that need to be performed throughout the 
day, which consume most of the productive hours of the day, ultimately leading to 
reduced productivity in the laboratory. Taking this into consideration, there are 
some guidelines, which can be followed keeping in mind the day-to-day routine and 
this can be used for long-term productivity goals. The guidelines have been sum-
marized in 10 points (Fig. 3.1).

3.2.1.1  Planning the Day in Advance
Preparation of a to-do list the day before which will help in visualizing the upcom-
ing day. Overviewing the tasks listed and ticking them once they are accomplished, 
gives a sense of accomplishment for a productive day. Penning down the task list 
streamlines the mental functioning and objectives and promotes creative tasks. A 
well-planned day further leads to a well-planned week and month, and thus helps in 
achievement of goals as per the timeline.

3.2.1.2  Time Tracking
A lot of time spent on each task should be prepared as this helps in understanding 
where and how time is being utilized during the day. When a specific time is allotted to 
each task, it helps in better scheduling. Therefore, if doing a task is taking longer, it is 
an indication that there is a mistake in the process. For doing important yet boring tasks 
like cleaning the instruments, a specific time of the day to do those tasks should be set.

3.2.1.3  Utilization of Spare Time
While doing experiments, there is time in between, often defined as the incubation 
time, which can be utilized in tasks like data entry, analysis of data, admin work, 
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and to prepare buffers needed later in the experiment. It will prevent the loss of valu-
able time.

3.2.1.4  Understand Productive Hours
An individual has to evaluate a defined time during the day which is more produc-
tive for him/her. If the individual is a “morning person” then he/she should reach the 
laboratory early for work, and if the individual works better later in the day, then he/
she should schedule lighter tasks for the morning hours and should leave the tasks 
that need more concentration for afternoon and evening. Knowing each individual’s 
capacity will not only increase the individual productivity, but will also increase the 
productivity of the laboratory.

Habits to
Increase

Productivity

Cleaning &
Maintenance

of
Equipment’s

Day Planning
in Advance

Time Tracking

Utilization of
Spare Time

Understand
Productive

Hours

Clutter-Free
Environment

Maintain an
Inventory

Management
Software

Organise &
Update Data

Divide tasks
Small Steps

Team Work

Fig 3.1 Human habits to increase productivity in lab
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3.2.1.5  Clutter-Free Environment
A workstation that is cluttered with half-empty beakers, pipettes, tissue paper, 
MCTs, papers, etc. will give very little room for actual work. Therefore, it is recom-
mended to keep the workstation clean by keeping the material back after use, clean-
ing the beakers, arranging the papers by creating a proper filing system. This will 
help increase the productivity and creativity of the individual.

3.2.1.6  Maintain an Inventory Management Software
Not being able to find the material or losing it when an individual wants to perform 
an experiment hampers productivity in the lab. Therefore, it is crucial for the man-
agers, the QA or the administrative staff to create a system of labelling and account-
ing of all the materials available in the laboratory with their batch number, expiry, 
quantity, etc. which would help the study personnel to identify the necessary mate-
rial easily and to notify in advance if a certain material is about to get over or is out 
of stock. Once the tracking of the material is systematic, it would help increase the 
productivity of the personnel, and thus maintain GLP standards.

3.2.1.7  Organize and Update Data
Once the material is organized, keeping the data and daily records organized is the 
next big step toward increasing productivity. Once the experiment is over, data entry 
should be done as soon as possible. The data should be kept in the right folder and 
should be available to the right people when needed.

3.2.1.8  Divide Tasks into Smaller Steps
Dividing the task can be done at 2 levels, individual and managerial levels. An indi-
vidual task can be divided into smaller steps, like in the case of an experiment. At 
the managerial level, the idea is to divide the task based on the skills and time avail-
able with the individuals. This can boost productivity and teamwork, both in one 
shot. Everyone should be encouraged to help one another and everyone in the labo-
ratory should be sufficiently trained. This would increase productivity in the labora-
tory as every individual would do the task best suited to their skills.

3.2.1.9  Teamwork
Helping and working together in the laboratory, offering help to others, and giving 
tips when required, raises the morale and productivity of an individual and the group 
in the laboratory. A competitive environment in the laboratory should be avoided. 
Instead, the mindset of working together toward the same goal or a similar outcome 
will make the individuals support each other.

3.2.1.10  Cleaning and Maintenance of Equipment
Another task that is avoided in the laboratory after finishing the experiment is clean-
ing the equipment, the bench or keeping the instruments back at their respective 
places. This has to be done after conducting the experiment or at least before the day 
ends. This would help keep the laboratory clean, help other team members use it 
with ease and prepare and set things out for the following day. Adhering to these ten 
simple steps will help increase the productivity of an individual and a laboratory in 
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the short term, and in turn help an individual be more effective in the long run. It is 
essential to take these steps and use them effectively in the lab. If one masters these 
tips, it will not only make them more productive, but also more GLP oriented.

Apart from adoption of good habits, development of communication skills to 
minimize the gap of understanding, training, and skill development for the adoption 
of best practices, exposure to additional laboratories working in the same area, use 
of advanced technology, behavioral changes, work ethics, and practice of yoga 
plays an important role for an individual to manage his/her work. It also improves 
the work culture and overall productivity of the laboratory.

3.3  Communication Among the Team Members 
for Youth- Oriented GLP (YOG)

The most basic aspect of research is the way researchers communicate as it can 
affect the outcome of the research work. When there is a failure in team communi-
cation, it degrades the team’s performance and increases errors significantly [2]. 
Therefore, it is an essential requirement to have a good channel of communication 
between all the team members including the study director, Principal Investigator 
(PI), quality assurance staff, the researchers, the technical staff, the administrative 
staff, and the study personnel, so that all the findings are reported and all the stages 
of the study are appropriately observed. All the means of communication should be 
effective and documented before the start of the study, and each person involved in 
the study needs to be aware of their roles and responsibilities. This is even more 
important in case of multi-site studies. Inevitably, all variations from the study 
should be swiftly communicated and any issue confronted in laboratory should be 
well documented [3].

Management at multiple levels between the study personnel and quality assurance 
staff is important to have a transparent and frank communication and authority, so that 
the Principal Investigator and the other management team can carry out GLP and their 
responsibilities effectively. A written document should be maintained for this.

In multi-center and multi-site studies, a defined authority and communication 
should be maintained between the team PI, QA, study director, other staff, and study 
personnel so that everyone has a clear understanding of each activity involved.

In the studies where the responsibilities are delegated to the PI(s), the study 
director will depend on the individuals to ensure that the relevant phase/s of the 
study are conducted in line with the study design, relevant standard operating pro-
cess, and GLP principles. The PI should communicate to the study director about 
any incident that affects the purpose of the study design defined. A written docu-
ment should be maintained for this as well.

At every stage of the study, communication is essential between the team PI, 
study director, and QA. Communication possibly involves:

• Effective participation with QA, i.e., study design including the new SOPs and 
the revised SOPs should be regularly reviewed, meetings should be attended by 
the QA team so that problems related to GLP can be resolved.

3 Management of Skilled Human Resources by Youth-Oriented Good Laboratory…



36

• The QA personnel should respond to survey and audit reports on time, so that 
remedial actions are suitably provided in response to inspection/audit findings.

An effective communication channel and a clear line of work allocation can help 
avoid many problems which can occur in multi-site studies among the study direc-
tor, sponsor, principal investigator(s), management staff, quality assurance staff, 
and study personnel at their respective locations.

The study director should also inform all the stakeholders about the progress of the 
study at all the sites. The study director should also maintain an appropriate communi-
cation system between each PI and themselves. For example, it would be advisable to 
verify the mobile number, landline number, Email ID of all the people involved in the 
study. It is also advisable to check the mobile signal strength at rural stations, taking 
into account the difference in time zone and have a language interpreter if needed.

Necessary findings about the QA of the test site should be communicated by the 
student to the PI of the study and other team members. A written documentation of 
all the communication and findings should be maintained for future reference.

3.3.1  Advantages of Good Communication Between 
Team Members

• Good communication plays a vital role in ensuring better productivity at the 
workplace and improves the relationships among team members. Effective com-
munication reduces the gaps in understanding and also results in better coordina-
tion among the team members.

• Showing empathy and open-mindedness while listening attentively at the same 
time, results in good relationships with the team members.

• Nurturing effective communications skills fosters trust among the members, 
resolves conflicts, provides better clarity. It boosts satisfaction among the mem-
bers so that they are better engaged in the jobs handled by them. A team built on 
these qualities has better productivity.

• Good communication between the team helps the team members share their 
knowledge effectively with each other (Fig. 3.2).

Share
Knowledge

Better
Trust &
Clarity

Better
Productivity

Good
Relationship

Good Communication
Fig. 3.2 Advantages of 
good communication
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The aspects that improve communication are attentive listening skills, documen-
tation (SOPs, DRSs, etc.), open conversation among the team members, and honest 
feedback on the discussions/issues among the team members. Use of technology 
can also aid communication.

3.4  Organizational Structure and Its Importance in GLP

An organization chart is required in GLP to understand the overall structure of the 
test facility. This gives an idea of how the facility is functioning. The organizational 
structure chart comes under the quality manual for any organization as it is an 
important document. These documents can also incorporate the following details 
related to each individual:

• Biodata
• Records of the training attended
• Detailed description of the job role

All the 3 documents together are required to maintain individual records for 
GLP. It is important as it demonstrates that the staff working have the ability, quali-
fication, experience, and necessary training to execute the task at hand. To align 
these documents to GLP, the content and format of these records should be docu-
mented and specified in SOPs and should be validated by QA audits regularly [4–6]. 
Example in Fig. 3.3.

LABORATORY

Head of Lab

Director

Quality Control Manager

TECHNICAL SUPERVISOR

SENIOR TECHINICIANS

FRONT OFFICE STAFF HOUSEKEEPINGJUNIOR TECHNICIANS

Study Director

Fig. 3.3 Example of the laboratory Organizational Structure
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3.5  Quality Management System and Its Importance 
in Development of Skilled Human Resource

The potential advantages of implementing a quality control framework based on 
International Standards for a laboratory and research organization are the ability to 
reliably deliver publications, products, and services that satisfy Institute’s expecta-
tions and relevant legislative and regulatory requirements. This, in turn, is also 
important for the development of skilled human resources and career advancement.

3.6  Role of Technology in Skill Development 
Youth- Oriented GLP (YOG)

Good Laboratory Practices involve the analysis, development, and management of 
quality, which includes the expansion of Standard Operating Procedures (SOPs), 
specimen, study, documents, and release methods for the laboratory work. According 
to Good Laboratory Practice, testing is monitored by an independent quality assur-
ance staff in the laboratory. The process is expensive but it should be incorporated 
in laboratories and research organizations. The comprehensive responsibility of the 
regime with GLP principles remains with the appointed skilled in charge. Individuals 
should have a traceable written procedure for all the chemicals, materials, and 
reagents necessary for the work to proceed smoothly. Responsibility of a QA should 
be performed by a person who is not a part of the specific responsibility for that 
particular function, who is not a member of the investigating team.

Worldwide the role of technology in complying with Good Laboratory Practices 
is increasing. Information technology (IT) helps to gather and store the data and 
also helps maintain the quality and safety of data [7]. Information technology (IT) 
has revolutionized the way data is transferred by decreasing the time it takes to 
generate the test results and creating an opportunity to work on large datasets in 
research work with minimum errors [3, 8].

3.6.1  Laboratory Information Management System 
for Maintaining GLP

A Laboratory Information Management System (LIMS) is a software that allows one 
to successfully manage samples and data to enhance laboratory efficiency. It also 
helps in tracking data associated with samples, experiments, laboratory workflows, 
and instruments [3, 9]. LIMS software supports the laboratories in complying with the 
regulatory specifications such as GLP by encapsulating how and what has been done, 
thus enabling efficient management of the laboratory. LIMS helps in the following:

• Data Tracking and Trending: LIMS stores information of tested samples, their 
outcome, and all the related records of the participants.
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• SOPs and DRSs: LIMS helps in the creation of SOPs and DRSs and in main-
taining its records.

• Employee and Student Data: With LIMS, all the data for employees and stu-
dents can be managed in one place and this information is available at a click. It 
works as a tracking tool for those who need training and can be done remotely 
as well.

• Synthesis: The study result can be captured directly from the equipment used, 
and the same can be fed into the computer system, minimizing error, and enhanc-
ing accuracy.

• Master Record Keeping: LIMS is an essential tool to maintain and generate 
accurate reports on time. Reports can be automated so that the system can gener-
ate reports regularly on a daily, weekly, and monthly basis.

• Labelling: Helps in generating automatic labels in a similar format for all the 
samples and inventory of the laboratory.

• Inventory Management: Keeping records of the inventory is one of the main 
functions in the management of any laboratory. LIMS system has fully auto-
mated the process of inventory management, while ensuring that chemicals, 
equipment, kits, etc. are ordered in advance as per the requirement. It prevents 
any delays in the laboratory workflow.

• Quality Control: Centralized access and storage of quality control data help in 
providing the highest level of quality.

SOP & DRS

Employee &
Student Data

Synthesis

Labelling

Inventory
Management

Quality
Control

Master Recording
keeping

Data Tracking
& Trending

Fig. 3.4 Benefits of a Laboratory Information Management System
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Laboratory Information Management System supports in three main ways:

• Perfection—LIMS helps the laboratories produce perfect and repeatable results.
• Effectiveness—LIMS supports the laboratories to automatize, speed up, and 

make the difficult job easy.
• Management—LIMS helps the laboratories accumulate and recover the outcome 

very quickly (Fig. 3.4).

3.7  Importance of Training and Team Building 
Workshops in GLP

Training in a laboratory is important as it is aimed at improving the proficiency of an 
individual as it provides him the knowledge on how to execute the procedures neces-
sary to do the prescribed task. It can be significant from indicative understanding, 
which is understanding of reality or undeviating information. Generally, the goal of a 
training program in the laboratory defines the success of a training program, which are:

• Transfer to the work situation (generality).
• Long-term use of what was learned for the job (maintenance).
• Structured training programs are made for trainees to learn individually or 

in a team.
• Focused training is given to individuals or groups for a particular position and role.
• Training is given to teams who are then returned to their job situations (where the 

trainees work alone or as a part of a team, which may be nested in a network 
of teams).

• Training may be delivered to a group at a particular site, and then they can be 
returned to their own job site.

• Training of teams can be defined as training in which teams are used to increase 
procedural knowledge and skills of individuals to do a specific job.

• For comprehensive team achievement, individual methodology, knowledge, and 
proficiency are important in functioning as a part of teamwork.

• Training the team is a different process than building a team, which happens at 
the actual job location and focuses on scrutiny of the teamwork, its activities, and 
procedures to improve the productivity of the team as a whole.

• Training the team is also different from cooperative learning, as this happens in 
schools and colleges and its prime focus is on explanatory knowledge rather than the 
knowledge of methodology and procedures which helps in attaining proficiency.

3.8  Imbibing Work Ethical Behavior in Youth

Ignorance and lack of discourse lead to unethical practices. Ethical conduct is 
important to preserve the integrity of the research work done by the individual and 
institutes. It is important to imbibe ethical behavior among youth as per GLP 
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standards for advancement in research [10]. There are certain ethical principles that 
should be followed for imbibing work ethic behavior in youth:

• Honesty—In scientific communications, honesty is always important. Fabricated, 
false, or misrepresented data should not be presented. Data and results should be 
presented honestly with proper result, method, process, and procedure. Fraud 
should not be done with sponsors, researchers, co-workers or public in general.

• Objectivity—Attempt to avoid any bias in experimental design, data interpreta-
tion, data analysis, review, etc.

• Integrity—Strive to keep agreements and promises, and one should act with 
sincerity.

• Carefulness—One should critically and carefully examine the work done and 
avoid any kind of careless errors and negligence in the research work like data 
records and data collection.

• Openness—One should be open to new ideas and criticism.
• Intellectual Property—One should honor other person’s rights, patents, licence, 

copyrights, or any other form of intellectual property. Due recognition should be 
given to all the contributors in the study. Unpublished data, methodology, and 
results should not be used without permission.

• Confidentiality—Confidentiality in communications should be maintained such 
as during submission of grants or manuscripts.

• Responsible Publication—Published data should be such that it helps in advance-
ment of the research and benefits to everyone and not just the individual.

• Responsible Mentoring—The mentors should advise, educate, and mentor stu-
dents in such a manner that they are able to make their own decisions.

• Social Responsibility—Attempt to promote social advancement of the society 
and prevent any harm through research to the society.

• Non-Discrimination—Avoid any kind of discrimination against the students or 
fellow workers on the basis of sex, religion, etc.

• Legality—Institutes and governmental laws and policies should be obeyed.
• Animal Care—Animals used for the research work should be given proper care 

and respect and should not be sacrificed without any objective.
• Protection of human subjects—When humans are taken in research as partici-

pants the researchers should respect their dignity and privacy. Minimize any 
risks or harm to the human subjects.

3.9  Zero Effect-Zero Defect Youth Oriented GLP (ZED-YOG)

Management programs such as ZED have been implemented by the Government of 
India. ZED has a culture with a bi-focus approach toward the customers on one side 
and the society of the other side. Zero defect means that the quality of the product 
from a patent is very high and is error free. Zero effect means that there should be no 
negative effect on the environment due to manufacturing. This highlights the govern-
ment’s ardent desire to pay particular attention to manufacturing as a means to pro-
mote sustainable growth in order to transform the course of the economy. ZED can be 

3 Management of Skilled Human Resources by Youth-Oriented Good Laboratory…



42

clubbed with Youth-Oriented GLP (YOG), which will help inspire today’s skilled 
youth to implement quality standards in the laboratories and other research works [11].

Zero Defect, Zero Effect is useful to examine the competitiveness of the youth, a 
business, a region, and a country as a whole. For the improvement of productivity and 
environment protection, the roles of young generation taking initiative in business strat-
egies, polices, and knowledge economic development for maximizing productivity 
needs to recast to fully taped dormant potentials. Productivity is the key to any coun-
try’s growth. In today’s world, incorporating concern for the environment is essential 
along with expanding productivity, continuous improvement and achievement.

3.10  Importance of Skill Development in GLP

3.10.1  Benefits to the Individual

• Individual requirement—On the job, learning boosts confidence and helps one to 
perform and handle the task better.

• Increases Reputation—A person with knowledge is an asset to the laboratory and 
earns more respect and regards in the team.

• Stress free working—Once a person gains knowledge on the task, the work for 
him becomes easier and enjoyable, which leads to better productivity and stress- 
free working.

3.10.2  Benefits to the Laboratory

• Laboratory requirements—Every laboratory requires the work force to have a 
minimum standard of knowledge and skills for an individual to handle special-
ized tasks.

• Safety—A knowledgeable individual is able to handle an emergency situation 
more carefully and with greater responsibility.

• Rotation between different job functions—Knowledgeable individuals trained in 
different skills can easily switch between different tasks at the time of deadlines.

• Minimize attrition rate—When the individuals’ knowledge is upgraded on a 
regular basis, it helps in minimizing the attrition rate as well.

3.11  Suggestions for Training and Skill Upgradation

3.11.1  Suggestions for Individuals

• Individuals should always be on the lookout for new training opportunities in the 
laboratory. It can include learning a new technique or skill by the institute, 
Principal Investigator, other team members, workshops, seminars, conferences, 
or any other such programs.

• Individuals should look out for Internet-based e-learning programs, as they not 
only save time but also keeps them updated with new technologies and techniques.

S. J. Gupta and A. K. Sehgal



43

• An individual should have reverence toward the instruments, machines, and tools 
that they use, as it is the source and means to achieve the assigned tasks, and 
should also develop an urge to know more about them.

3.11.2  Suggestions for the Laboratory

• The laboratory should encourage growth and knowledge development through 
training and skill upgradation. Skilled individuals are always an asset to a labora-
tory in the long run.

• Skill development helps in increasing the productivity and in preventing an exo-
dus of trained individuals. Individuals would like to stay in a laboratory, which 
has good training and skill development policies.

• Training and skill development is a win–win situation for both, the laboratory 
and the individual. It is beneficial at all stages of an individual’s career as there 
is always a scope of learning more than what you already know.

Learning something new every day should become a part of GLP, which will 
enhance individual skills regularly.

3.12  Role of Yoga and Meditation to Inculcate Values 
in the Performance and Dedication to Work

Human resource is the most important asset of a laboratory, as it plays a great role in 
the performance and productivity of the laboratory. Spiritual enhancement focuses 
on development of morals or civic sense, principles, character, and innovation of an 
individual which is important for a multi ethnic and multidisciplinary GLP facility. 
Spirituality also helps in developing an attitude of integrity and for attainment of a 
healthy eco system in the lab. Spirituality, as opposed to religion, is an intangible 
asset that motivates the individual and allows him/her to concentrate better, bring 
positivity and connectedness at workplace. Thus, it helps him/her to perform his/her 
best, and attain work satisfaction which results in reduction of the attrition rate. 
Being an intangible factor, it motivates the work force and eventually creates job 
satisfaction leading to retention of employees. Spirituality helps an employee or an 
individual attain certain values to serve the community, society, country, and world 
as a whole through the organization’s setup which helps in long- term correction in 
the prevailing conditions. Studies show that there is an association between spiritual-
ity at the workplace, performance, and job contentment [6, 12].

Adopting spirituality at the work place helps the personnel in vertical and 
horizontal growth, both. A spiritual path at the workplace helps both the organi-
zation and the individual to prosper and advance in academic-social responsibil-
ity. Others argue that this is useful in being truthful toward one’s own self and 
develop care and empathy for all the fellow workers and society. It is an attempt 
to live a valuable life and perform better at work. It is said that spirituality in 
management is important as it helps run an organization better, more efficiently, 
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and effectively while attaining core contentment, happiness, and success at work 
at the same time [9].

3.13  Future Directions and Clinical Implications

Doctors, researchers, and other healthcare professionals should be given alternative 
venues of training like communication skills, laboratory information management 
system, zero effect–zero defect youth-oriented GLP adopted by Neuroscience 
Research Lab, PGIMER, Chandigarh, practical procedures and clinical examina-
tion. This would help in enhancing patient care in clinical environment. Therefore, 
in the future, an appropriate planning is required for successful training of health-
care professionals [13, 14].
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4Operationalization of Research SOPs 
for PhD Scholars

Priya Mehra, Gillipsie Minhas, and Winston Costa Pereira

4.1  Introduction

Standard Operating Procedures (SOPs) are detailed, written instructions that aim to 
achieve uniformity while performing work functions [1, 2]. The aim of an SOP is to 
comply with regulations, maintain standards of quality, and mitigate safety and 
health risks in a consistent and efficient manner, thus overcoming the risk of vari-
ability and achieving trust and satisfaction in the process [3].

Good laboratory practice (GLP) is a quality system implemented to ensure qual-
ity, reliability, reproducibility, uniformity, and consistency. The concept of GLP 
came into existence in 1976 [4], which was prior to the GLP FDA mandated require-
ments on June 20, 1979, thus ensuring integrity in research [5]. In general, GLP can 
be defined as a set of principles that define standard operating procedures (SOPs), 
data recording sheet (DRS), raw data entry, maintenance of records, sample verifi-
cation, sample record, log sheets, and many other routine activities that may require 
validation at any stage of research. Studies have indicated that research and training 
without any standard procedures may result in research malpractices [6] and 
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conflicts, while other studies have also highlighted the importance of GLP in a 
research laboratory [7].

SOPs are considered as the building blocks of the GLP system. They ensure that 
the study is conducted, documented, and recorded for compliance. Data has shown 
that non-usage of SOPs may invariably lead to failure of experimental protocols, 
erroneous processes, higher variability than expected, and lack of proper oversight 
[8]. It was shown that in the early 1970s, FDA investigated several cases pertaining 
to poor practice in toxicology laboratories throughout the USA. Therefore, in this 
chapter, we highlight the use and implementation of SOPs to produce reliable and 
reproducible results, and as a valuable training tool for doctoral students, not just to 
toxicity testing for which these are originally designed.

4.2  SOP and Its Attributes in the Quality 
Management System

The main attributes in a Quality Management System (QMS) include Quality 
Assurance (QA) and documentation for a wide array of institutions such as biotech-
nology, academic, pharmaceutical, hospitals, diagnostic setups, and clinical labora-
tories. Both Quality Control (QC) and Quality Assurance (QA) form a part of the 
Quality Management System. QA has a wider scope in the process, and is mainly 
involved in providing confidence to all the stakeholders concerned that the product 
(or patent) will perform as expected [9, 10]. As mentioned, Quality Assurance is 
known to be a proactive process and is active in preventing flaws in the process. 
However, Quality Control (QC) focuses on identifying a defect.

The chief component of Quality Assurance in research laboratories is a process 
that involves written instructions that describe the operations which need to be per-
formed. This document is known as the Standard Operating Procedures (SOP). In a 
clinical and pharmaceutical operation, the quality assurance units are responsible 
for surveying the operations in accordance with the SOP, and for ensuring that the 
generated data satisfies the requirements for quality [11, 12]. As far as clinical trials 
are concerned, SOPs are represented by the study protocols used in the trial. GCP 
(Good Clinical Practice) is further characterized by ethical principles, which is pri-
marily aimed at protecting the personal integrity and welfare of the trial subjects. 
The Declaration of Helsinki is the accepted basis for clinical trial ethics for plan-
ning, conducting, surveying, and evaluating clinical trials, which is the corner-
stone of GCP.

4.3  Lifecycle of an SOP

The lifecycle of an SOP includes an SOP of SOPs that describes how the life cycle 
of any SOP is managed from its inception to retirement. It provides the readers with 
an explanation of how the SOPs are used.
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For any amendments in the SOP, the user must mention all the details with a 
justification of why it is required, its importance, and the possible outcome. The 
revised SOP should contain all the details with their rationale and justification. This 
should be done and reviewed by the management system [9]. The life cycle of an 
SOP occurs in the following six stages (Fig. 4.1):
 1. Initiation of a new SOP—Whenever a new SOP is required, a request is sent to 

the Departmental Head. In a research laboratory, this may be required when a 
new procedure is to be implemented, when new equipment is installed and 
people are to be trained properly by the vendor, or when there is a particular 
requirement by the regulatory agencies, due to the initiation of guidelines and 
regulations. There must be a form with the Quality Assurance that implicates 
the requirement/change in the SOP.  The person who requests it (or an RTI 
activist) must give suitable justification for the purpose and rationale for creat-
ing the SOP. This will aid the approval process. The Head will then have a 
meeting with all the stakeholders and the Quality  Head before signing the 
approval process.

 2. Drafting a new SOP—Possible ways of drafting an SOP are as follows:
 (a) Simple Steps Format—These are short procedures that do not involve multi-

ple subheadings. It can be written as short bullet points or a numbered section.
 (b) Hierarchical Steps Format—Around 90% of institutions around the world 

follow this process. This process is suitable for lengthy procedures where 

Fig. 4.1 Summary of life cycle of an SOP

4 Operationalization of Research SOPs for PhD Scholars



48

multiple steps are required. This process may have sections and subsections 
that are numbered in chronological order.

 (c) Flowchart Format—This particular format is the best way to depict informa-
tion as it is easily understandable. Such a format is placed in the laboratory 
and serves as a quick reference guide. Every step may be depicted with 
block arrows that are a part of a written chart or have diagrammatic repre-
sentations of the process. A common example of such an SOP is “hand 
washing technique.” The rationale for using diagrams in an SOP is that 
visual aids can be followed easily.

 3. Reviewing the SOP—The SOP must be reviewed multiple times by the subject 
matter expert and by a person (such as Quality Assurance) tasked to review the 
SOP. SOPs need to be reviewed for technical accuracy, grammatical mistakes, or 
any other flaws that affect the authenticity of the process. An SOP has to reflect 
the process as it is done and should not be a hypothetical representation of the 
process [7].

 4. Approval of the process—Every SOP is approved by the Head of the Lab and the 
Quality Head. The approved SOP is then sent to the Quality Management Team 
to get an approval number. This gets logged into the system that is accessible to 
all staff. The SOP becomes effective on the day of its approval. This date is usu-
ally on the last page of the SOP.

 5. Revision and Revision History—An SOP has a lifespan of 2 years. When the 
SOP needs to be revised, a request is sent to the Lab Head either from the subject 
matter expert (in cases of revision before the due date), or from the Quality 
Management (QM) team. This request is in the form of a Change Request or any 
other procedure followed within the organization. Any amendments to the SOP 
must detail the rationale for it. In clinical trials, GCP guidelines must be imple-
mented to ensure the quality of the study. The GCPs constitute a standard system 
for planning, conducting, and monitoring the clinical study in compliance with 
GCP guidelines and applicable regulations [10].

 6. Decommissioning, where the SOP is no longer required and is retired from 
use—Obsolete SOPs are to be removed from circulation and decommissioned. 
All decommissioned SOPs are stored in the archive section under the control of 
the Documentation Control personnel. This person can be under the direct con-
trol of the QA, or it can be a separate department. The archived SOPs are kept 
for a period of 2 years or more, as per the requirements of the regulations.

4.4  Regulatory Requirements

In the pharmaceutical industry, it is mandatory to follow guidelines and implement 
a QMS that includes SOPs. In research laboratories, this can be voluntary. In the 
mid-1970s, the US FDA first implemented GLP guidelines to define the minimum 
standards to conduct nonclinical studies to generate high-quality and reliable data 
[13]. The final GLP regulations were later published on December 22, 1978, which 
became law on June 20, 1979 [14]. Later in 1981, GLP principles were adopted by 
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the Organization for Economic Co-operation and Development (OECD), an inter-
governmental organization formed to avoid different systems of implementation 
that could hinder international trade [15]. In 1997, the US FDA published 
International Conference on Harmonization guidelines (ICH) on clinical studies in 
the federal register (Vol 62, No. 90). The FDA documented many flaws in clinical 
and nonclinical research, such as poorly trained study directors or personnel who 
are executing the protocol. Some studies have shown that poor study design/mal-
practices or generation of improper raw data leads to the misconduct of research and 
failure to establish quality. These failures may include a lack of standardization of 
specific protocols, inadequate resources, and instruments that lack periodic calibra-
tion and maintenance. Therefore, the FDA requires that research is done under com-
pliance and be back-traceable wherever required [16–19].

The ICH guidelines for quality are approved by the European Medicines 
Evaluation Agency (EMEA), USFDA, and the Japanese Ministry of Health (MHW). 
These guidelines include the requirements for SOPs. Furthermore, the 21CFR58 
(Code of Federal Regulations, Title 21--Food and Drugs; Part 58--Good Laboratory 
Practice for Nonclinical Laboratory Studies) describes the SOP preparation and 
implementation of different routine procedures [20]. On the other hand, the US 
Environmental Protection Agency (EPA) provides detailed guidance for developing 
SOPs (EPA QA/G-6; EPA/600/B-07/001). As per these guidelines, SOPs describe 
both technical and fundamental operational elements of an organization that would 
be managed under a work plan or a QA Project Plan [EPA Requirements for QA 
Project Plans (QA/R-5) (EPA 2001a)], or Chap. 5 of the EPA Quality Manual for 
Environmental Programs, (EPA Manual 5360 A) and under an organization’s 
Quality Management Plan [EPA Requirements for Quality Management Plans (QA/
R-2) (EPA 2001b)], or Chap. 3 of the EPA Quality Manual [21]. The ISO 9000 
standards are not considered a regulation or guideline issued by the government; 
however, different industries have followed this generic quality management frame-
work. Different sections of ISO 9000 guidelines have been known to emphasize the 
need for written procedures or SOPs [22]. As per the ISO 9001:2015 guidelines, an 
SOP is a policy and procedure document that describes the regular and recurring 
activities appropriate to quality operations [23]. Established SOPs add value to the 
organizations for maintaining a quality system and documentation. The ISO 
9001:2015 SOP guidelines define the specific formats for designing, documenta-
tion, template, and presentation. This helps an organization to establish control sys-
tems and quality management [24].

4.5  Regulations of the SOP

4.5.1  FDA Guidelines

Form 483 is issued to a responsible person in the organization and it comprises a list 
of objections that are found by the FDA auditor as part of the compliance issues. 
The US FDA has noted that the main cause of observations found in Form 483 
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observations and Warning Letters is due to an inadequately crafted SOP. This Form 
can also be called as a prerequisite to a Warning Letter. A Warning Letter is the final 
warning to a company that has significantly violated its regulatory policies. 
Corrective actions must be taken on part of the company management to comply 
with the FDA regulations. Specific SOP issues can be traced back to poor commu-
nication. However, it has been recognized that poorly written SOPs can quietly 
grow into a host of major compliance problems.

FDA has recognized under section 211.100 (21 CFR, Section 211.100) [25] that 
a well-crafted SOP is an absolute necessity in creating a compliant product. SOPs 
form the basis of every regulatory compliant activity, which in turn forms the back-
bone of regulatory compliance activities in all companies regulated by Good 
Manufacturing Practice (GMP) rules and regulations.

4.5.2  Health Canada

Health Canada has introduced Good Manufacturing Practice guidelines, which is 
part of the Food and Drug Regulations (Part C Division 2). As per Health Canada’s 
Natural Health Product Regulation (NHPR) Sections 49 and 50 (Natural Health 
Product Regulations, Health Canada) [26, 27], a major deficiency seen in the 
Operations is the deviation of the Standard Operating Procedure (SOP). Any evi-
dence of GMP compliance is seen in the implementation of a relevant SOP.

Health Canada has mandated several SOPs such as the Good Manufacturing 
Practices guide for drug products (GUI-0001), which is intended to facilitate GMP 
compliance by the regulated party with the Food and Drug Act, the regulations, and 
the applicable administrative policies.

The United States Environmental Protection Agency has also prepared a docu-
ment called “guidance for preparing SOPs” [28]. This document explains the vari-
ous steps in writing an SOP.

Checklist for SOP
Checklist serves two purposes, one is to ensure that the steps are followed in correct 
order and the other is documentation of completed actions. Checklist should be 
attached to the points in SOP where they are used. There can also be SOPs for pre-
paring checklists.

Quality Management
The Quality Management plan of an organization should have a system of num-
bering and systematic identification of the SOPs. The SOPs should have a title, 
revision number, date, and page number. This can help in traceability and main-
tenance of SOPs.
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4.6  Necessity for a New SOP and the Attributes 
to Create One

Why is it necessary to create a new SOP? The answer lies in the problem and the 
necessity to create a new protocol to standardize the process. Moreover, the need for 
SOPs is described in the guidelines discussed previously in this chapter. However, 
the basic requirement for an SOP arises from the need for a uniform procedure to be 
used by the end users to establish a standardized protocol [22].

4.7  Types and Content Requirements for a Good SOP

An SOP can be prepared to define a technical or an administrative process followed 
in an organization. Furthermore, an SOP of SOPs defines the protocol followed in 
designing and preparing a new SOP.  It also includes the guidelines for revision, 
approval, archival, and distribution of an SOP in various sections [29].

Every SOP is written and designed as per the protocol that might be in house and 
has passed internal validation, or has been designed by external agencies such as the 
manufacturers of kits and equipment.

Every new SOP has the following attributes to follow based on the SOP criteria:
 1. All SOPs shall be written in Times Roman Font size 12, heading and subhead-

ing should be written in boldface. The maximum font size can be14.
 2. The sections are numbered with a high level numbering and the subsections are 

numbered in the lower subsequent order as shown in Fig. 4.2.
1.0 Heading

Scope and purpose

Who are the readers.

Scope?
Why is it needed?
Objective?

Language of an SOP.
Existing knowledge
What is the engagement

Format & Writing 

Audience and Authors

Testing & Validation

Distribute & Training
Review & Update

Skills
Layout and steps involved

Validation procedures completed

SOP reviewed

Distribution of the SOP

Training records for staff

Periodic review,
archiving, update
SOP’s with
periodic
changes

Flowchart and work instructions
Language of the SOP

Constituents of an SOP

Fig. 4.2 Constituents of an SOP
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  1.1 Subheading 1
   1.1.1 Subheading 2
    1.1.1.1 Subheading 3
     a. Point 1
     b. Point 2
It must be noted that the first number of every subsequent heading coincides 
with the last number of the previous section. The distance between the first 
number and the heading/subheading section must be 0.5 inches.

 3. The responsibility section of the SOP shall specify the person and the depart-
ment responsible for following the SOP and completing all the activities as 
specified in the SOP.

 4. Each SOP should have an effective date and the next revision date.
 5. The effective date is the date when the SOP has been finalized and approved by 

the Lab Head.
 6. The training of the staff shall be completed within 10 days from the effective 

date of the SOP. There must be a Record of Training (ROT) that must be signed 
by all the staff members who will be following this SOP. The ROT is kept with 
the Human Resources Department and a copy is kept with the Department. All 
new employees must be trained according to the SOP prior to active participa-
tion in the protocol. The ROT must be signed as a proof of training.

 7. All the forms associated with an SOP are a part of the annexure section of 
the SOP.

 8. Each form must have a unique control number. This is administered by the QA 
and is called a Record Control number. Accountability of every form is impor-
tant, as it aids in the traceability of forms in case of an investigation or conflict.

 9. Every SOP has a unique number called the SOP number. This number is an 
alphanumeric number consisting of the department name followed by 4–5 num-
bers, such as SOP-Lab-QC-00001.

 10. Every page of the SOP has 2 identification points—the page numbers and the 
name of the SOP. This avoids confusion.

 11. Some institutions may use a crimping mechanism where the pages cannot be 
separated. However, this is optional.

 12. The Department receives two copies of this SOP, they are called controlled cop-
ies. A controlled copy stamp is affixed in front of each SOP. This SOP should 
not be removed from the Department or reproduced in any way. A soft copy is 
available within the institution’s intranet system.

4.8  Sections Governing an SOP

Every SOP must be written in a fixed chronological order and needs to follow the 
guidelines or recommendations [21]. Every establishment must also follow its own 
protocol for an SOP and this is termed as an SOP for writing and implementing an 
SOP (or SOP of SOPs) (Fig. 4.3). However, the consensus and style of writing an 
SOP, as stated by Isaman V, 1995 should be maintained [30]. A recently published 
article also defines the development of an SOP and its essential components [31].
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a

Fig. 4.3 (a, b) Sample SOP
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b

Fig. 4.3 (continued)
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Most SOPs have the following sections:

 1. Title of an SOP—The title should be short, to the point, and should highlight 
the content of the SOP.

 2. Aim and Purpose/Objective of an SOP—This section details what the SOP is 
about and why it is required. It should include statements on the positive impli-
cations it aims to have, and how this SOP will improve the Quality and consis-
tency of the process. This SOP has been invariably passed through various 
stages in the validation process before being recognized in a written document 
required to be followed by all the parties associated with the process. The pur-
pose of an SOP is to give step-by-step instructions on performing a task so that 
all the staff members are equally capable without the reliance of an “expert” 
staff. Some procedures may not be done often, or new staff members may have 
difficulty performing tasks done by more experienced staff. Thus, SOP acts as 
a refresher and an educator to the staff. It must be ready “at hand” and be always 
accessible.

 3. Scope of an SOP—The scope section must be the second subtopic in the SOP. It 
can be an independent section or can be combined with the purpose section in 
the SOP. First, we need to understand the status of an SOP, and whether it is a 
new or an  old SOP that is being revised. For a Laboratory that focuses on 
research, the scope involves the area where the SOP is applicable. Areas com-
monly encountered are process development, experimental procedures, step-
wise instructions in the operation and maintenance of equipment, validation 
procedures for equipment and other procedures that require careful 
implementation.
The target audience must be defined. It may be the Manager or a Quality 
Assurance officer. SOPs can be designed to include several technical details 
meant to suit several roles based on job responsibilities. Any limitations in the 
SOP needs to be specified in this section. Next, you must identify the problem 
the SOP is designed to solve. You must ask yourself, “will this mitigate the risk 
of failure of the procedure, decrease inaccurate results or prevent accidents?” 
SOPs are designed to balance risk-benefit modalities.
The scope of the SOP is to be used as the foundation of the SOP. SOP writers 
and subject matter experts will need to check if the SOP’s objective is being 
deviated. If there is a deviation in the SOP with respect to the scope, either the 
SOP needs to be tweaked so that the SOP falls within the scope, or there is a 
requirement to change the scope to meet the focus of the SOP.

 4. Responsibility—This section governs the target audience and the personnel 
who are required to follow the SOP. Not all staff are required to follow every 
SOP written in the organization. For example, administrative staff such as 
Finance and Human Resources (HR) are not required to follow technical SOPs 
written for the Laboratory. However, HR is required to maintain the Record of 
Training (ROT) for every staff due to the regulatory requirements and mainte-
nance of records for promotions, assessments, and qualifications.
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 5. Corresponding SOP section—If an SOP is linked to another SOP, it should be 
clearly defined here. At times the reader may have to read another SOP as it 
may have another procedure linked to this protocol. The protocols can be 
 subdivided into various SOPs and this section will give an easy understanding 
of the associated SOPs to the reader.

 6. Abbreviations—Any abbreviation used in the SOP must be written here. SOPs 
are designed in a way that all personnel should be able to follow it. Not all 
abbreviations may be known to all staff, hence, it is imperative to document the 
list of abbreviations.

 7. Procedure—This section governs the step-by-step procedure of the process. 
These steps involve the process from start to finish in a sequential manner. The 
procedure must be written in present participle tense and not past participle 
tense. The procedure involves subsections linked in the way of a sequence that 
combines one subsection to another. The procedure can have subsections such 
as preparation of reagents, calculations, and Ingredient listings. Any equipment 
used in the study is listed in a separate subsection.

 8. Annexures—List any annexures that may be a part of the SOP.  The list of 
annexures may include forms, work instructions, flowcharts, brochures, or 
pamphlets that are associated with the SOP.  Every document written in the 
organization has to be a part of the SOP.

 9. References—This is the last section in the SOP. List all the reference materials 
in this section. Reference materials can be published materials, guidelines, 
websites, manuscripts from journals, or any other form of reference that has 
aided in writing the SOP.

 10. Revision History—This is not a section in the SOP but can be accommodated 
in the header section or in the section where approvals are granted. The initial 
or the new SOP can be written as NEW or given a number 0000 (which means 
that it is a new SOP). The Revision History represents the number of times this 
SOP is revised. Typically, the SOP is revised every 2 years (which is the lifes-
pan of the SOP) or if any change is required, through a change control (involv-
ing technical change or an administrative change). Every change in the SOP 
(however insignificant) is marked with a number. This is typically designated as 
0001. This means that the first change in the SOP has taken place.

4.9  SOP and Work Instructions: What Is the Difference?

SOPs are designated as high-level documents that instruct all employees on the 
actions that are to be taken. Work instructions specify the particular action in detail. 
Work instructions can be in the form of a diagrammatic representation or a flow-
chart. However, mostly they are a step-by-step representation of the process. They 
are not long, verbose sentences but are expected to be clear, concise, and strictly to 
the point. Work instructions must be a part within an SOP. As per the ISO 9001, 
definition of SOP and work instructions, it is mentioned that SOPs are the top layer 
(Fig.  4.4). They describe which actions are to be taken under a variety of 
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circumstances. However, standard work instructions are the lowest layer. They 
describe the work to be performed with the lowest possible level of detail. As the 
name implies, these are instructions to perform a specific piece of work. Some are 
less than one page or just a list of bullet points. The middle layer and perhaps the 
most crucial layer, is the process. This can be defined as a measurable objective that 
consists of input and output activities, and resources. Inputs are requirements that 
need to be defined while considering the source of the information. This informa-
tion is required to reach a designed output. Finally, the output is measured by the 
validation of the end result. This provides insight into the end result.

4.10  Approval and Commissioning of SOPs

SOPs must be signed off prior to their approval for release and implementation. 
Therefore, the final draft of an SOP must be reviewed, validated, and approved by 
the authorities described in the quality system of an organization or by an SOP 
reviewer.

Once approved, an electronic copy of the SOP should be stored in a central 
server. They must be marked as controlled copies. The hard copies are placed at the 
location of work. The approval date must be clearly written on the SOP.

4.11  Benefits of SOPs

SOPs are an important part of GLP compliance as it provides a specific directed 
focus to the end-user or a PhD student. SOPs provide consistency in the methodol-
ogy, hence this becomes a precursor to reliable results for thesis or a research proj-
ect. The steps involved in the SOP have been evaluated through a validation process 
where the recorded results are subjected to statistical analysis or other mathematical 
interventions. This ensures compliance of the results with established statistical 
methodologies. PhD scholars must consider SOPs as a fundamental structure in 
experimental design that provides relevant data with high specificity, consistent 
quality, and efficiency. Citations of established protocols add value to research in 

ISO 9001 Requirements

Process

Procedure Work instructions

Fig. 4.4 Flowchart of ISO 
procedures, process, and 
work instructions
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both clinical as well as nonclinical fields. A well-written SOP prevents erroneous 
results and thus minimizes wastage of valuable resources and time. Standardization 
of protocols takes several days to months but this is a precursor to generating data 
that is reliable, consistent, and above all, accurate. SOPs maintain transparency, 
consistency, reproducibility, and creditability in the quality system. For a new user, 
an established SOP helps to carry out the process in an easy, user-friendly manner.

In short, implementation of SOPs can provide the following benefits, summa-
rized in Fig. 4.5:
 1. Implementation of SOPs increases the quality of research, maintains homogene-

ity, and increases reproducibility, resulting in efficacy with minimal errors.
 2. SOPs promote consistent outcomes of the results.
 3. Implementation of SOPs helps in meeting compliance requirements.
 4. SOPs ensure credibility.
 5. A well-established SOP helps new hires to get familiar with experiments, thus 

saving valuable resources in training.
 6. SOPs enhance a person’s knowledge and skills by providing new thoughts 

and ideas.

4.12  Implementation of SOPs in PhD or Doctoral Studies

SOPs are not limited to clinical research and pharmaceutical industries. They can be 
extended to research and other R&D activities voluntarily. SOPs are being strin-
gently implemented in different departments to streamline activities ranging from 

Homogeneity

Safety

Efficacy

Reproducibility

Maintain
consistency

Quality

Benefits
of SOP

Fig. 4.5 Benefits of 
an SOP
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routine cleaning, sanitation, finance, calibration, documentation, and archival, 
besides Quality Assurance.

For PhD scholars, SOPs are like the central dogma that provides new opportuni-
ties to increase scientific values in nonclinical trials. Implementation of a GLP sys-
tem, or in particular, SOPs at the doctoral stage (PhD) has its own benefits. The 
development of SOPs can decrease the time spent by a student on standardization of 
new procedures developed from routine experimental techniques [31]. Finally, 
SOPs can save up to a year of time that may be lost in reinventing the wheel. 
Following an SOP for daily routine activities can help organize daily schedules, 
which is normally not streamlined in a PhD student’s life. In terms of research 
experimental outcomes and publications, the use of SOPs can add quality, credibil-
ity, and reproducibility [32]. Most importantly, exposure to the GLP system and 
SOPs can help doctoral students adapt to future work environments such as pharma-
ceutical industries, diagnostic laboratories, and clinical research organizations, 
where GLP compliance is mandatory, thus giving the students  an advantage in 
employment.

Following SOPs is not without its challenges. It requires continued, long-term 
commitment from the management and each member of the unit, which can be 
cumbersome as a laboratory may include students at different stages of their doc-
toral research. Moreover, since GLP is not mandatory in research laboratories, at the 
university and doctoral level, it is possible that not all research laboratories follow 
this strictly. Since research is an interdisciplinary and collaborative field, it may be 
possible for a laboratory to be GLP-compliant and conducting all procedures as per 
the defined SOPs; however, common facilities, for example, flow cytometry or even 
animal husbandry, may not follow such a system. In such a scenario, it would 
become difficult to control even the simple parameters that can influence an experi-
ment, such as room temperature of an animal house or the calibration routine of 
equipment’s maintained within the common facility. It is here the funding agencies 
can play a dominant role in compliance. As Coronavirus vaccines are rolled out in 
Canada, the biggest vaccine manufacturer such as Pfizer-Biotec has recommended 
a storage temperature for these vaccines. Health Canada has published guidance to 
this effect. As Pfizer vaccines require storage below −80 °C, research laboratories 
are called in to aid our colleagues in the clinical setup. This will require a GLP set 
up and following the SOPs will be mandatory prior to inoculation to the general 
population. If the PhD scholars are not exposed to following SOPs, it will be diffi-
cult to establish a sustained procedure devoid of variations from one province to 
another, that range from British Columbia to the Maritimes, Tel-Aviv to New York, 
Auckland to Cape Town.

4.13  Importance of Validation

Validation is considered as verification of data before the generation of an SOP. Data 
authenticity is the most critical aspect of data in today’s scientific world to avoid any 
falsification. The validation should be double blinded to avoid any bias. This will 
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increase the reliability and reproducibility of data. Today in research, replicability 
may be affected. So, to maintain the replicability, validation should be implemented. 
Validation also provides evidence that all work is done with a high degree of assur-
ance and consistency to maintain quality attributes. This ensures that all processes, 
activities, resources, systems, equipments used in the study are correct and true as 
self-declared by the user [33].

Validation provides confidence in all fields, especially in pharmaceutical and 
manufacturing industries, that assure the product quality and consistency with less 
error and high reproductivity to meet health and regulatory responsibilities. This is 
also related to auditing of data, which implies organizational maintenance. Validation 
also rechecks and reconfirms typing error, missing error, sampling error, and incor-
rect resource data. In 1987, the US Food and Drug Administration (FDA) announced 
guidelines entitled “GUIDELINES ON GENERAL PRINCIPLES OF PROCESS 
VALIDATION” [34]. Various studies have shown the importance of validation in 
research to increase reliability and reproducibility [18, 19].

4.14  Future Directions and Clinical Implications

As regulations evolve regularly, we need to equip our young minds pursuing their 
PhD degrees to look at regulations as guidelines in their research work. Many 
Pharma companies have tied up with Research organizations for developing new 
drugs and vaccines. Thus, PhD candidates need to be equipped in the usage of 
SOP’s that will transition their research from bench to bedside. This is the reason 
why Regulatory Affairs programs by colleges have gained considerable importance. 
Regulatory Agencies rely on SOP’s for the protocols that are conducted in the labo-
ratories. Evidence of GMP or GLP is ascertained through a robust protocol that 
follows regulatory guidance. SOP training will provide young students with an 
opportunity to get trained in SOP writing, which is considered part of the technical 
writing skill. Companies rely on a good writing acumen while hiring candidates 
suitable for taking research positions. Within the Clinical area of a Pharmaceutical 
company, a PhD candidate can work in areas such as R&D, Product Development, 
Quality, Regulatory, Pharmacovigilance, Clinical Trials, and customer complaints. 
Having an expertise in SOP writing will give the candidate an expertise in his/her 
field and thus an opportunity to lead the organization as a Subject Matter Expert 
(SME) during consultations with major regulatory bodies such as Health Canada or 
US FDA or EMA. Training in SOPs needs to be inculcated in young minds and this 
will prove critical in transitioning research from Bench to Bedside.

4.15  Conclusion

An SOP provides the knowledge to complete a specific action. Thus, an SOP is a 
document that describes the regularly recurring operations relevant to the quality of 
an investigation or a product or patent. Therefore, the purpose of an SOP is to help 
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carry out the operations correctly and uniformly. It consists of both operational and 
technical components, which are essential for developing and deploying solutions. 
SOPs also help the scientists to obtain high-quality results with minimum wastage 
and promote mutual recognition of results. These guidelines also promote well-
planned study followed by performance, data recording, validation, archiving, and 
data generation, ultimately leading to publication of articles with high consistency 
in reputed journals and may add value for human welfare. Therefore, in order to 
make this system a success among PhD students and to reap maximum benefits of 
the GLP system, it is important to implement these systems at the grassroots level 
and to involve all the members of the research unit.
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5Creating Data Recording Sheets (DRS) 
in Quality Management System

Manjari Rain, Madhava Sai Sivapuram, Deepali Mathur, 
and K. Sadasivan Pillai

5.1  Introduction

In recent years, the incidences of retraction of scientific articles, even from high- 
impact journals, have increased [1, 2]. The reasons for retraction include data forg-
ery, non-reproducibility, plagiarism, ethical issues, or scientific error [3]. Thereby, 
the trust in the published results has declined. In the present era, when research has 
acquired a fast pace, unknowingly or knowingly referring to unreliable findings 
delays an essential, most-awaited, and revolutionary scientific discovery. The scien-
tific community requires a system to control the research misconduct by adopting 
quality measures under Good Lab Practice (GLP) [4]. GLP can be implemented to 
an independent laboratory or to an entire medical or research institute to produce 
good quality and reliable data [5]. Journals and grant agencies are adopting various 
new policies to keep a check on the generation of unreliable data [6]. Recently, Zero 
effect-Zero defect Youth-Oriented GLP (ZED-YOG) has been proposed for funding 
agencies to monitor and moderate data generated in projects under the funding 
agency [7]. ZED-YOG could be instrumental in data scrutiny and validation. 
However, it is the fundamental duty of the researcher, experimenter, and study 
director to generate data, which is reliable and reproducible.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-3074-3_5&domain=pdf
https://doi.org/10.1007/978-981-16-3074-3_5#DOI
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The target of “reliable and reproducible data” can be achieved by meticulously 
reporting each step undertaken while performing an experiment. Generally, an 
experimenter always documents their research findings in a notebook and/or as an 
electronic copy. However, such documentation is made as per the understanding of 
the person who is performing the research, i.e., the experimenter. This data may or 
may not be understandable to a colleague or mentor. Thus, it is obligatory to have a 
standard data recording system that is easy to maintain, understand and thus pro-
vides quality assurance for the experiments and can guarantee reliability and repro-
ducibility of data [8–11]. Each experiment can be documented on a predesigned and 
standard recording sheet, called a data recording sheet (DRS). The present chapter 
summarizes how to create a DRS, what information should be included in the DRS, 
how to record the data in the DRS, and some examples of the templates of DRS.

5.2  Creating a DRS

Before discussing how to create a DRS, it is important to understand the various 
terminologies around the DRS used in various quality management systems. For 
example, if we consider the GLP principles, the raw data constitute original labora-
tory records and documentation, including data directly entered into a computer 
through an instrument interface. GLP principles define raw data as “the results of 
original observations and activities in a study which are necessary for the reconstruc-
tion of that study.” Similarly, if we consider other quality systems such as National 
Accreditation Board for Testing and Calibration Laboratories (NABL), the DRS is 
filled with data. The definition of data in NABL and raw data in GLP practices is 
more or less the same and is often used interchangeably across different quality sys-
tems. In various quality management systems, the DRS is created for recording the 
results of a study or study- related information that are carried out based on a stan-
dardized protocol. Thus, before one generates a DRS, the experiment should be opti-
mized to reach the same output with maximum efficiency for more than three times. 
Once the protocol has been standardized, the first step is to generate a “Standard 
operating procedure” (SOP) for the protocol, which must be approved by the mentor 
in academic research institutions. Before initiating the new experiments, appropriate 
DRSs should be generated, which are also required to be approved by the mentor. In 
the next section, we will discuss how to create a new DRS.

5.2.1  DRS in a Research Laboratory Under GLP

Depending on the experiment and its purpose, the DRS may include experimental 
details, reagent details, sample details, details of the instrument and other materials 
used in the experiment, and the results of the experiment. Various sections of a typical 
DRS for MTT assay are given in Figs. 5.1, 5.2, and 5.3. The experimental details 
should include the volume and concentration of the reagents used per reaction and in 
total (Fig.  5.1). If the experiment’s duration is more than a day, the experimenter 
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should also add the date at which any specific reagent was added into the reaction 
mixture. Generally, a separate column is kept for adding any remarks or any deviation 
made from the experiment’s approved protocol (Figs. 5.1, 5.2, and 5.3). However, the 
impact of such deviations on the outcome of the experiment’s results should be dis-
cussed with the mentor. The experimental details are followed by the reagents’ details. 
In this section, it is necessary to add details of the reagents such as the name of reagent, 
name of manufacturer, stock concentration, working concentration, catalogue num-
ber, batch or lot number, expiry date, and logbook entry details (Fig. 5.2). After enter-
ing the details of the reagents, it is equally important to describe the study sample used 
for the experiment. The type of study sample used, such as cell lysate, plasma or oth-
ers, source of the sample (sample taken from a control or disease group in case of 
humans), and treated or untreated sample should be disclosed in the DRS (Fig. 5.2). 
Other details include volume of the sample used per reaction and any specific remarks, 
for example, whether the sample was diluted or not.

Lastly, details of the instrument used should also be mentioned in the DRS. This 
information typically includes name of the manufacturer, catalogue number or 
model number, batch number, calibration status, and logbook entry details of the 
use of the instrument. In the end, the experimenter should put his/her signatures in 
the appropriate column. Following this, the mentor should verify the experiment 
performed and, upon acceptance, should put his signature in the column assigned 
(Fig. 5.3).

Fig. 5.1 A typical DRS for MTT assay: experimental details
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Fig. 5.2 A typical DRS for MTT assay: reagent and sample details

Fig. 5.3 A typical DRS for MTT assay: instrument and other relevant details
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Every page of a DRS should mention the name of the experiment like RT-PCR for 
gene expression, ELISA, MTT assay, and others. Every page should also have informa-
tion on the date of issue of DRS, date of experiment, experiment number, name of exper-
imenter, name of supervisor, and a logo of the laboratory or institute (Figs. 5.1, 5.2, and 
5.3). It is to be noted that the DRS is created by the experimenter, who has standardized 
the procedure, and should be approved by the mentor before it is put into regular use of 
laboratory experiments. In the newly created DRS, the experimenter must ensure that no 
relevant information has been missed, and unnecessary information has not been 
included. A well-designed DRS should justify the SOP, and is made in such a way that 
it is easy to understand and make data entries. A DRS should be concise and informative.

The quality assurance officer or document controller is responsible for issuing 
the DRS to the experimenter when the experimenter wishes to perform the experi-
ment, and maintains the record of every DRS issued. After an experiment has been 
performed and details have been filled on the DRS by the experimenter, the mentor 
should check every detail of the experiment noted on the DRS and the experiment 
is performed with scientific integrity. Finally, he/she puts their signature on the DRS 
as an affirmation that the experiment is performed correctly and is accepted as per-
formed. Finally, this filled DRS is returned to the quality assurance officer or docu-
ment controller for record keeping. The quality assurance officer’s responsibility is 
to see that the DRS is filled in every quality aspect before putting their signature on 
the DRS. A DRS can be updated on a yearly basis.

5.2.2  DRS in Food and Drug Administration

Food and Drug Administration (FDA) is a federal agency that promotes and protects 
public health by supervising food safety and drug development. Food products are not 
limited to packaged unprocessed or processed food for human consumption, but also 
include animal foods, animal feed, and veterinary products. Drugs include pharma-
ceutical drugs (medications), vaccines, biopharmaceuticals, blood transfusions, cos-
metics, medical devices, and electromagnetic radiation emitting devices [12]. 
Ready-to-use templates for bioanalytical procedures, which can be used for new drug 
applications, biologics license applications, and supplements to these applications, are 
available on the FDA website. These templates are not compulsory but provide guid-
ance to fill the information of bioanalytical procedures of interest [13].

These templates, which are a type of DRS for FDA, also include information on 
reagents, chemicals, experiments, equipment, and other materials similar to DRS 
used in academic research. However, the format is different. Here, we are taking an 
example of a template for pharmacokinetic assessments, which includes three sec-
tions for data recording [13]. The first section is for providing “Bioanalytical 
Method Life Cycle Information,” which includes information such as names, expiry 
date, lot number, serial number, identification number or calibration range for the 
analyte, reagent, matrix or sample type, and platform or method or equipment, 
according to applicability [13]. The detailed summary of the method used for phar-
macokinetic assessment is filled in the second section, and the third section sum-
marizes any modifications made in the method described in the second section. The 
third section also includes cross validation results of the modified method. It is to be 
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noted that unlike DRS for academic research, the columns or rows, which are not 
applicable to the method used for pharmacokinetic assessment can be deleted from 
the template while reporting [13].

5.2.3  DRS in NABL Accredited Laboratories

NABL is a constituent board of the Quality Council of India whose objective is to pro-
vide accreditation to the laboratories across different disciplines (testing laboratories, 
calibration laboratories, medical laboratories, medical imaging—conformity assess-
ment bodies, proficiency testing providers, and reference material producers) in India 
and abroad based on the standards set by NABL in accordance with ISO/IEC 17025:2005 
and ISO 15189:2012.NABL provides accreditation based on the technical competence 
and quality of calibration and testing [14]. According to NABL, like GLP, all original 
observations are required to be maintained in a DRS format by the technical personnel/
manager. In NABL, the report (DRS is the report in NABL) is usually termed as the 
technical report, which includes the date, the personnel responsible for the laboratory 
activity (Technical Manager), and for checking the data and the results (Quality 
Manager). As in GLP, the data are recorded as and when they are observed and are iden-
tifiable according to the specific task.

A system should always be in place to ensure that the amendments to technical 
records can be tracked to previous versions or original observations of these records. 
An ISO 17025 NABL accredited facility should always monitor its performance by 
comparing its results with other ISO 17025 NABL accredited laboratories. An ISO 
17025 NABL test report is not an elaborately written report like a GLP study report, 
and the findings are usually reported in a tabular form in a NABL test report. A typi-
cal NABL test report of a product “xyz” tested against antimicrobial property is 
given in Table 5.1.

Usually, NABL test is carried out using a standard test method and the method 
used for the testing is mentioned in the report. There is no need to describe the test 
method in detail in the NABL test report. The result in these reports is given as Pass/
Fail or Complies/Does not comply. These test reports are signed by the technical 
manager (the terminology study director/experimenter/researcher is not used in 
NABL ISO 17025 system) and quality manager.

5.2.4  DRS for Toxicity Test

Toxicity testing is usually done on experimental animals and the purpose of doing a 
toxicity test is to determine the extent of dose and the potential hazards of a test 
substance among these experimental animals before administrating them into 
humans for clinical trials [15]. It enables us to understand more about the substance 
and helps create a dose–response curve, mechanism of action, potential adverse 
effects, and the safety of the substances administered [15–17].

An example of the DRS used for toxicity testing in the animals is given in 
Table  5.2. In this DRS, the species, route of administration of the substance, 
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Table 5.1 An example of antimicrobial property of product xyz

Product details
Product ID Batch/lot no.
Name of the product Quantity received

Sample product
Test method/
specification IP 2018

Name of 
microorganism

Colony Forming Unit  
(CFU) for contact time Suspension 

strength Result0 min 01 min 03 min 05 min
Staphylococcus 
aureus

TNTC TNTC TNTC TNTC 1.4 × 106 cfu/ml Fail

Pseudomonas 
aeruginosa

TNTC TNTC TNTC TNTC 1.6 × 106 cfu/ml Fail

Candida albicans TNTC TNTC TNTC TNTC 1.0 × 105 cfu/ml Fail
Signature
Technical Manager

Signature 
Quality 
Manager

TNTC, too numerous to count; cfu, colony forming units

Format no.

Version No.

Study no. Group: Dose:
Weighing balance/
Micropipette ID:

Species: Route of administration: Vehicle:

1 2 3Day 

Date 

C
ag

e 
no

A
ni

m
al

 N
o.

S
ex

B
od

y 
w

ei
gh

t (
g

 

/k
g)

D
os

e 
(m

g/
kg

 o
r 

m
l/k

g)

D
os

e 
V

ol
.a (

m
l)

B
od

y 
w

ei
gh

t (
g

 

/k
g)

D
os

e 
(m

g/
kg

 o
r 

m
l/k

g)

D
os

e 
V

ol
.a (

m
l)

B
od

y 
w

ei
gh

t (
g

 

/ k
g)

D
os

e 
(m

g/
kg

 o
r 

m
l/k

g)

D
os

e 
V

ol
.

a
(m

l)

Sign and 

Date
aDose volume (in the case of oral route of administration) = Animal body weight(g) × 10
(ml)/1000 g (Note-In this case the volume of dose administered is 10 ml/kg body weight.)

Table 5.2 An example of dosing record of animals

aDose volume (in the case of oral route of administration)  =  Animal body weight(g)  ×  10 
(ml)/1000 g
(Note: In this case the volume of dose administered is 10 ml/kg body weight)
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bodyweight of the animal (g or kg), and dose volume (ml) are recorded apart from 
the dose (mg or kg or ml/kg). In repeated dose administration studies, toxicity test-
ing is done multiple times on a single experimental animal to establish the dose-
response curve and hence, multiple rows of days are given. At the end of the DRS, 
the signature of the person performing the experiment and the date should always 
be added.

5.3  Recording Data in DRS

In DRS, the data should be recorded using a blue ballpoint pen with indelible ink as 
and when the activity is performed. Uniformity needs to be maintained across all the 
data records like AM and PM or the 24-h format for recording the time, recording 
of the date in a particular format like following the date, month and year or the 
month, date, and year format. The date and time of the experiment should be noted 
down accurately. No blank spaces must be present in the DRS sheets, wherever not 
applicable, use N/A. The signature and the date must be filled on the same day when 
the entry is made, and the unused portion of the page must be strike down with a 
line, preferably a diagonal one along with the signature and date. The observations 
recorded in the DRS sheet must be accurate and appropriate along with legibility. 
Special care must be taken while recording the unit of the measurements wherever 
applicable.

It is always possible for errors to occur while collecting the data or there might 
be corrections in the data while/after performing the experiment, so a clear audit 
trail is needed to explain the reason for the change in the data. While correcting the 
data, it must be noted that correction fluid or erasing of data must not be done. 
Instead, a separate line is drawn over the original entry and then the correct entry 
with dated signature or initial is added. After the corrected entry is made, the error 
is encircled to differentiate it from the corrected entry and the other entries in the 
DRS. Try to use an error code that can explain the reason for the change in the entry 
or the error in the data entry in the DRS, as close to the corrected entry as possible. 
If space is a problem, then put these error codes as a note in the form of a table.

Some of the error codes with abbreviations are: Changed for greater clarity (CC), 
Calculation error (CE), Miscount (MS), Inadvertently not signed and dated at the 
time of observation (ND) (this particular error is considered as a serious observation 
by the auditors), Out of proper sequence (OS), Recording error (RE), Sampling 
error (SE), Spelling error (SR), Wrong dosing (WD), Wrong date (WE), Inadvertently 
recorded in wrong location (WL), and Write over (WO).

The personnel recording the data in the DRS should be extremely careful and 
always make a note of significant figures, especially for the arithmetic operations. 
Significant figures are the numbers that reflect any measurement, which is consid-
ered as the correct value within an implied error limit. The whole numbers (digits 
between 1 and 9) are always considered significant. When it comes to “0”, it is 
significant if present in between whole numbers irrespective of the decimal point; if 
a “0” is present on the right side of any whole number, it may or may not be 
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significant; if the “0” is present to locate a decimal point, then it is significant. 
Table 5.3 shows a few examples of the significant figures to clarify this confusion. 
When rounding off the decimal number, a few rules need to be followed. If the last 
number is more than “5”, then “1” is added to the adjacent number whereas if the 
last number is less than “5”, then “0” is added to the adjacent number. If the last 
number is “5”, then “1” is added if the adjacent number is odd, and “0” is added if 
the adjacent number is even.

Sometimes, a deviation from the SOP, or the study protocol can occur while 
recording data in DRS. If any such deviation happens, the reason for the deviation 
must be recorded and reported to the mentor. The DRS sheets can be audited any-
time by the quality assurance officer.

5.4  Electronic Recording of Data and eDRS

With the advent of computational technology, automation systems, information 
technology, and cloud computing, recording of the data can also be done via web 
applications that can be accessed via browsers or phone applications on phones or 
tablets. Hence, specific care must be taken to include the date, study/experiment 
number, sample identity/number, instrument details and parameters, digital signa-
ture of the personnel recording the data. It should be noted that the data and observa-
tions generated by the machine and electronic media are distinguished by date and 
maintained in separate folders. These data or observations are in a specific format 
and thus, are defined as electronic DRS or eDRS. While using these computerized 
DRS, the personnel and the study director are responsible for 100% entry of the data 
and data check. Raw data are in eDRS in the form of electronic storage media or 
computer/instrument printouts. Recent technology has led to the development of 
equipment’s that generates eDRS that can be used directly for data analysis. 
Generally, the equipment-generated DRS are in different formats depending on the 
instrument. These files have extensions such as .eds, .map, .fam, .bim, which can be 
converted or opened in Microsoft Excel or Microsoft Notepad. It is to be noted that 
alterations cannot be made in the original data of eDRS with specific extensions. 
Changes can only be made during the analysis. System design should provide a full 

Table 5.3 Examples of significant figures

Value Unit No. of significant figures
31.34 cm 4
23.03 cm 4
0.25 m 2
0.013 m 3

2.0064 g 5
33.000 kg 2
320,000 kg 6

The significant figures are underlined
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audit trail to show all changes to raw data without obscuring the original data. 
Persons who make changes to the raw data should put the time, date, and electronic 
signature. Reasons for changes should also be provided. Any manually entered data 
should be clearly identified and retained.

A manual backup procedure and an alternate data capture procedure should be in 
place to minimize the risk of any data loss in the event of system failure. Although cloud 
computing helps with the virtual backup, having both the manual and the virtual backup 
will secure the data and help in data restoration in case of data loss due to system failure. 
When the data and eDRS stored in a system are moved to another system, it should be 
ensured that exact copy of the data and eDRS are migrated to the new system.

Security procedures should be in place for the prevention of corruption of data, 
unauthorized modification of data, and for prevention of unauthorized access. 
Access to electronic data and eDRS must be with a unique user identity and should 
be password protected. Only authorized personnel should have access to the hard-
ware, peripheral components, or electronic storage media. The introduction of data 
and software from an external source should be controlled by the computer system 
software and specific security routines.

In an academic research laboratory that follows GLP, all personnel should be 
aware of the procedures and system features to provide appropriate security and 
must be aware of the consequences of security breaches. It is essential and impor-
tant to make backup copies of all software and raw data. The backup copy is also 
retained as an original document.

5.5  Coding, Indexing, and Location of DRS

Several SOPs and DRS are followed in a quality management system. Hence, these 
need to be master coded by the quality assurance officer. The master code can be of 
any format, such as numerical or a mixture of numeric and alphabets, depending on 
the quality management system. An example of master coding is displayed in 
Fig. 5.4. Generally, an alphabetic code indicating the type of DRS can be used for 
coding; some of the examples are BE for biochemical estimations, MB for Molecular 
Biology, IT for Immuno-technology, AN for Animal study, NP for Neuropsychology, 
IV for In vitro experiments, and others. Some of the routine activities, such as prep-
aration of buffers, autoclaving, and blood sample collection fall under the general 
criteria and may use GN (General) for coding.

Fig. 5.4 An example for Master coding of DRS
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When required by the experimenter, DRS can be issued under their name by the 
quality assurance officer. The quality assurance officer makes an entry regarding which 
DRS was issued to the experimenter. The used DRS is returned to the quality assurance 
officer, who keeps the DRS in the experimenter’s file. All DRS are neatly indexed with 
date of issue, date of return, signature of the experimenter at both instances and, signa-
ture of the quality assurance officer. An example of an issue log sheet is shown in 

Fig. 5.5 An example of Issue log sheet for DRS
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Fig. 5.5. A used DRS is not issued to another experimenter. If required, the other exper-
imenter can refer to the used DRS in presence of quality assurance officer or mentor.

All the DRS and eDRS should be archived under a project or in the name of a 
particular person, after completion of the work. Both, the hardcopy and the softcopy 
of DRS are archived the way other types of data are archived. Kindly refer to Chap. 
10 for details on archiving. Procedures should be in place to ensure the data’s long- 
term integrity and continuous readability (producing hard copy printouts, copying 
data to another system). Electronically stored data cannot be destroyed without 
management authorization and proper documentation. Other data held in support of 
computerized systems, such as source code and development, validation, operation, 
maintenance, and monitoring records, should be held for at least as long as study 
records associated with these systems.

5.6  Significance of Record Keeping in Scientific Research

Science is based on accumulation of facts and evidence. To trust those facts, it is cru-
cial to keep a good record of scientific investigations. The best way is to pen down all 
necessary steps a researcher/experimenter is following while performing the experi-
ment at that particular time. If one does not note them down, it becomes difficult for 
other researchers to rely upon the findings and to validate if they want to repeat it. If 
another researcher wishes to perform the same experiment, the research should be 
described in sufficient detail so that they can easily perform it. Furthermore, it is the 
liability of each member of the research group to maintain their research records. To 
maintain good laboratory records, one should follow certain rules. For instance, each 
member of the group involved in a scientific experiment should possess a laboratory 
notebook in which they can write down the protocol they are following, daily labora-
tory activity, calculations related to the experiment, making notes of important infor-
mation on a daily basis, so that they can take a look at it whenever required. This data 
can be recorded in a more pertinent way for others to understand, reanalyze and inter-
pret the findings in the form of DRS, so that the data is auditable and can be back-
tracked. Thus, a unique validation of the generated data can be carried out at any time 
[18]. There are several reasons as to why an experimenter should keep a good scien-
tific record. These are discussed below:

 1. Good record keeping is indispensable for data analysis, publication, peer review, 
collaboration, and other research activities. If one has maintained good record 
keeping, it is easier for an experimenter to view and reanalyze their data when-
ever required, publish their work, discuss with their peers, redraft, and amend the 
research work planned for the future and collaborate with other researchers. 
After submitting the manuscript to a journal, if a reviewer and/or editor asks for 
supplementary material or supporting data, one should be able to track and show 
them the data to support their findings. There is also a possibility that after the 
work is published in a scientific journal, one is asked to deposit their data in a 
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data repository and share it with the team members who want to perform the 
same research again or assess the work thoroughly.

 2. Another reason why the experimenters must maintain records is that many 
research institutions and hospitals where the work is being carried out may ask 
for records and other related documents after the work is published. There are 
certain institutional guidelines, and in order to meet them and ensure excellence 
for the conduct of good science, they may ask for it later. Hence, experimenters 
must be ready with their records even after publication.

 3. Good record keeping is required to reinforce intellectual property rights. If an 
experimenter has filed a patent for their research or involves intellectual prop-
erty, then they can show his/her records at any time to support their application 
if they have maintained it.

 4. Good record keeping can also safeguard against fallacious claims from other 
researchers for research misconduct. If another experimenter fails to perform the 
same research already published in a journal, there are chances that they can put 
allegations against the researcher for their findings not being supported by evi-
dence. This may happen if the research/experiment has not been described in 
sufficient detail, or the research paper lacks important facts to allow the other 
experimenter to repeat the work.

During the past decade, thousands of papers have been retracted from vari-
ous international journals. Although some papers were retracted due to calcu-
lation errors or the other errors made which were genuine mistakes, but most 
of them were retracted because of various factors, among which data falsifica-
tion, data duplication has played a major role [19]. One such controversy hap-
pened a decade ago. In 2009, a German anesthesiologist faced retraction of 
almost 96 articles among the 98 published articles. The articles were on intra-
venous solutions containing hetastarch or hydroxyethyl starch, which are used 
to stabilize blood pressure during and after surgery or trauma [1]. The reason 
for the retraction was the huge data fabrication and misconduct, ignoring the 
ethics. The most recent data infringement during the pandemic of COVID-19 
is data falsification regarding the use of hydroxychloroquine drug among 
COVID-19 patients, which resulted in retrieval of papers from Lancet and 
NEJM journals, and wastage of hundreds and thousands of dollars on the clini-
cal trials that were started across the world [20, 21]. The company involved in 
this falsification was Surgisphere. Using the DRS, the data infringement, falsi-
fication, or duplication can be minimized. DRS are helpful in showing the 
integrity and validity of the data collected. Hence, it is vital to keep a good 
record of what you do in the laboratory, so that you do not face any fabrication 
or falsification charges.

 5. Lastly, good record keeping plays a cardinal role in the management of human 
subjects. Documentation related to research involving patient samples and 
healthy controls must be recorded. It is important to mention here that human 
samples are really precious, and in order to conduct research using them, the 
researchers/experimenters have to get it approved by the institutional ethical 
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committee whose records and informed consents should be readily accessible 
upon request.

5.7  Future Directions and Clinical Implications

Manual recording of the DRS is being replaced by the electronic DRS and the soft-
ware is currently under development for electronic data recording. This will facili-
tate record keeping and management of archived data. However, robust measures 
should be taken to avoid data corruption, and deletion of electronic DRS. Use of 
DRS in research lab is in its initial phases. Some countries and institutes follow it 
religiously. However, global implementation of DRS is essential to increase reli-
ability and reproducibility of data for effective and economical translation, thereby 
increasing the probability of discoveries and inventions. DRS is essential in clinical 
research as it is in experimental research, for proper record of raw data in a timely 
manner. In clinical trials, all necessary information related to recruitment of volun-
teers should be as per the regulatory guidelines and recorded in the DRS. The quan-
tity and time of the drug administrated or type of intervention are also recorded in 
DRS. Similarly, clinical observations made on the volunteers are entered in appro-
priately designed DRS. This DRS is not only for record keeping but also to enable 
audit trails.
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6The Value of Master Schedules 
in Benchmarking Research Productivity

Pranay Mahajan, Shweta Modgil, and Vipin Koushal

6.1  Introduction

Research is the most enchanting form of science where one can very easily get 
overwhelmed or carried away from the core objectives. Even though the main proj-
ect may have been well defined with goals and objectives having a flawless method-
ology and an insight about expected outcomes, the most challenging part is the 
“execution of the plan.” When a researcher actually gets down to the work, the 
likelihood of going off track and working on parallel tangential experiments is very 
high. The beauty of research lies in the fact that one may end up with entirely dif-
ferent results than expected in the beginning and such observations are always wel-
comed. However, a number of undesirable subjective factors like indolence, 
ignorance, complacency, procrastination, negligence, apathy, etc. may hamper the 
efficiency expected out of researchers involved in any research project. Similarly, 
organization and research setup specific factors like leadership, work culture, work-
load, adherence to standard procedures and protocols, monitoring techniques, 
reporting and feedback, contingency measures, defining goals and objectives, etc. 
also influence the efficiency and reliability of research activities. Be it an individual 
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research project or larger organizational programs encompassing multiple projects, 
accomplishing the objectives within a set timeframe in a time-bound manner criti-
cally determines the productivity of such projects. Any research work involves huge 
investments in terms of man, material, and money, and the results are expected to be 
meaningful, reliable, and dependable. This necessitates a high level of efficiency in 
the research productivity and therefore proper planning and scheduling of all related 
activities become vital. This can be achieved in any research setup through well- 
crafted “Master Schedules”. Master scheduling ensures that the planned research 
project is affected in a systematic manner within set timeframes and assures quality 
in work. Master Schedules of different projects synced together also assures effi-
ciency in overall programs being carried out by the research organization.

When we talk about the significance of master scheduling in research, factors 
like time constraints linked to the projects in hand, strict implementation and scru-
tiny of funded projects, coupled with mandated submission of various reports for 
the project renewal, make the scheduling of plans almost indispensable for produc-
tive research. Tracking of ongoing projects has become crucial in recent years. In 
fact, most of the funding agencies ask for a timeline of project beforehand, where 
objectives are broken down into achievable targets to ensure the feasibility of proj-
ect completion in a given timeframe. According to the Organization for Economic 
Cooperation and Development (OECD) Principles of Good Laboratory Practice 
(GLP), Master Schedule is “a compilation of information to assist in the assessment 
of workload and for the tracking of studies at a test facility” [1].

6.2  Master Schedule

A Master Schedule is an integration of all the schedules defined for achieving vari-
ous feasibly planned objectives of the project and elucidates timeline and relation-
ship between all the activities. It defines each milestone of the project and specifies 
its date along with the time required to achieve each objective.

Master Schedule is an operational management and quality assurance tool which 
gives a logical timeline to various planned activities in the Master Plan of any 
research project. It is a well-planned and feasible integration of all these activities 
on a time-scale taking into consideration the relationship between different activi-
ties as well as the resource allocation aspects. For example, if two different activi-
ties in a project require the same resources but are independent of each other and 
need not be taken up at the same time, the two would be accommodated on different 
time periods on the timeline of the master schedule. Master schedules also provide 
the breakup of work between different teams/researchers and their supposed sched-
ules of work.

There is no stiff format that a master schedule needs to adopt; its formation and 
extent are flexible as per the requirements and resources of the research project or 
organization. However, once finalized, it is a rigid schedule to be adhered to. It sets 
the milestones to be achieved at specified times in the journey of efficiently produc-
tive research. It helps one to break down a big task into deliverables in smaller time 
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frames of days and months. For example, a researcher can divide his 1-month tasks 
either broadly into 4 weeks or even micromanage on a daily basis taking cues from 
the master schedule. Basically, it gives highlights of project activities on a daily, 
monthly, and yearly basis and helps keep a track of the progress of research work.

Master schedules can be formulated for each individual project as well as one for 
the whole of the projects being undertaken in an organization. A glance at the mas-
ter schedule of entire studies ongoing in the test facility can help the management to 
contemplate the workload of the facility. It helps them track the overall progress of 
different ongoing projects of the organization and thereby aids in appropriate 
resource allocation and corrective steps wherever required. Besides, helping the 
quality assurance specialist (QA) and the organizational management in GLP- 
related inspections and assessments, it spares research personnel from the hassle of 
setting their priorities each day. One of the biggest challenges for a researcher at the 
start of her day is to choose a task from a handful of experiments, to begin with. 
Most of the time, researchers waste their most productive time in deciding which 
experiment to start. Master schedule comes handy in this situation where one does 
not waste time and energy in scrolling from the wishlist of all her experiments; 
instead, she is very clear in her mind what experiment she should put her energy 
into. It also saves them from ‘Monday Morning Syndrome’ where lack of planning 
may affect the project due to unavailable resources.

6.2.1  Formative Elements of a Master Schedule 
and Its Formation

As discussed earlier, the Master Schedule need not follow a set format and can be 
flexibly devised as per the requirements of the project and programs. However, it 
invariably has certain essential formative elements which must be well understood 
by the readers.

A Master Schedule is unvaryingly created based upon two things:

 1. A Master Plan
 2. Detailed Work Schedules

Before we proceed, just remember that creating a Master Schedule involves a 
“Bottom-up Approach.” Let us understand this. Any research project has a master 
“plan” (commonly referred to as a research protocol) which provides details about 
the aim, objectives, methodology, and required resources. For productive research 
work, all the activities must always be carefully planned right from the beginning 
of the work, starting from its commencement till its results and meaningful disper-
sal of the results to the scientific community. This is done by taking inputs from all 
stakeholders (investigators and others) involved or expected to be involved in the 
work in due course of time. All stakeholders have their piece of work and respon-
sibilities toward the work. There may be a Director/Chief/Principal Investigator of 
the project and single or multiple teams with team leads. The teams (or individuals 
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as the case may be) are asked to submit a schedule for the planned activities in their 
domain, commonly referred to as “Detailed Work Schedule (DWS).” A DWS 
includes a detailed timeline for all the milestones to be achieved by the team/indi-
vidual members and details of the resources required with a specific time of their 
need in the study. All the DWSs from various teams/individuals when submitted to 
the project leader enables him to finally create a “Master Schedule” of activities for 
the project. This Master Schedule is developed by incorporating all the DWSs in a 
comprehensive manner, integrating their timelines and resources on a meaningful 
timescale. It lists all the activities at different levels of the project, their interrela-
tionships and relation to all milestones and outputs of the project. And we must 
have understood by now why Master Scheduling is said to be a “bottom-up 
approach.”

To put it in simple words, for a project to be efficiently executed, it is first thor-
oughly planned (Master Plan) and then a schedule (Master Schedule) is assigned for 
timely completion of all its activities. Peter Turla has aptly said; “A plan is what, a 
schedule is when. It takes both a plan and a schedule to get things done.”

Following are some key points to remember while formulating a Master 
Schedule:

• It must contain specifics of every milestone in the research project and provide 
for its date.

• It must document all the activities and provide interrelationships amongst them.
• It must illustrate the time allocated for achieving different objectives of the 

research work.
• It must specify the expected dates of various outcomes.
• Highest possible degree of precision must be ensured in formulating Master Plan 

and DWSs as the effectiveness of Master Schedule primarily depends upon the 
quality and accuracy of information derived from these two sources.

• The Master Plan must clearly state the scope and objectives of the work and 
appropriately describe the organization, resources, and training requirements for 
the project.

• Master Plan must include the details of every significant activity in the project 
and provide for “Work Breakdown Structure (WBS)” on the basis of which 
DWSs are formulated.

• Those persons who would actually be doing an activity must be involved in for-
mulating the schedule (DWS) for that activity.

• DWSs should be formulated for each and every activity of the project and must 
provide an accurate estimate of required time and resources.

• Time-period and resource allocation for all the activities in the final Master 
Schedule must be adequately “cushioned” so that minor delays do not affect the 
overall progress of the project. This becomes especially important keeping in 
mind the fact that a finalized Master Schedule is quite a rigid time schedule.

• Risk assessment in relation to each activity must be done thoroughly in the plan-
ning phase and master schedule must include adequate contingency cushioning 
for the same.
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6.2.2  Before Preparing a Master Schedule

Now that we understand if a Master schedule is prepared with thoughtful planning, 
it helps one to conduct research activities smoothly in lab and it leads to quality data 
production. Certain things should be kept in mind before starting to prepare the 
master schedule. These include:

 1. Discussion with QA/Study Director:
Before committing to the DWSs of project activities, it is always a good deci-

sion to have a discussion with the study director (in case the study director and 
research personnel are different entities). A thorough discussion about the expec-
tation of the study director, tasks that require immediate attention and feasibility 
of tasks in the given timeframe helps to carve out a schedule that will yield good 
quality data at the end. Discussion beforehand spares the researcher from the 
hassle of last moment hitches in the experiment.

 2. Standard Operating Procedures (SOPs):
The Master Schedule system to be followed by a facility must be methodi-

cally described in an SOP. SOPs form a necessary prerequisite for GLP. There 
must be an SOP in place which provides for set procedures to be followed while 
devising and executing the Master Schedule(s) in the facility. In brief, SOP 
should include all the information in a step-wise manner for the ease of a person 
who can use it as a reference to generate Master Schedule in the future. It elabo-
rates the procedures for making, documenting, and archiving of master schedule 
as per defined format. It should provide information regarding the format and 
content of master schedule. What to include in it and how (hand filled/printed) 
and when it should be provided to QA (e.g., last week of the previous month or 
1st working day of the month) can be elaborated. It should further contain the 
specifics regarding who is responsible to create, manage and evaluate the Master 
Schedule. Information related to how changes can be made and how frequently 
can it be revised should also be mentioned. The SOP for master schedule can 
elaborate on the font, word size, and contents of the Master Schedule.

 3. Do not become overambitious about setting unrealistic goals:
Well-thought and planned master schedule is the key to quality data in 

research. Master schedule should be made keeping all the aspects of research in 
mind. While formulating the DWSs by the researchers, underestimation of their 
own potential and writing vague schedules results in too less work done due to 
low commitment and non-planning and would have an adverse effect on the 
Master Schedule of the project. On the other hand, overambition leaves one with 
the setting of unrealistic goals. The latter may lead to lesser work accomplished 
in the devoted time period and would also affect the quality of work. In addition, 
committing to too much work leads to anxiety. Therefore, planning a master 
schedule is a task that requires a clear and concise picture in the mind about the 
feasibility of the schedules submitted by researchers. To assure achievable 
schedules being incorporated in the Master Schedule, group discussions must be 
held between team leads, its members, and the management including the  project 
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director prior to submission of finalized DWS. Similarly, the Master Schedule 
must also be formulated and finalized after thorough discussion with all stake-
holders of the project.

 4. What is a rescue or backup plan if you failed to keep up with the schedule?
Good lab practices module advocates an important aspect related to research 

activities, i.e., backup plan or a Contingency Plan. For every Plan-A, there should 
be a replaceable Plan-B. For a given master schedule, keeping alternative options 
to mitigate the effects of avoidable and unavoidable exigencies is always a better 
choice. Rescue plan saves the system from strain and researcher from stress 
related to failure. What if one fails to keep up with the master schedule? Has it 
been planned in a way that he/she can still be able to work it out over the remain-
ing time period by working for some extra time each day or on weekends? What 
if the tasks scheduled for a researcher over a period of time could not be accom-
plished due to any reason, have the flexibility of time and resources been planned 
in the master schedule which may be diverted to the lagging activities to catch up 
with the scheduled pace of the project? Master Schedule must therefore have 
adequate “cushioning” in terms of time as well as resources to meet all such 
exigencies. For example, a researcher falls sick for a prolonged period and his/
her particular activities are hampered, there must be a planned backup of dully 
skilled human resources to cover up this lag, so that the overall pace of the proj-
ect does not get hampered. In the case of interrelated activities where one activity 
is dependent on the pace or completion of another activity, due caution must be 
exercised to ensure adequate cushioning being provided in the Master Schedule 
so that delays in the preceding one do not hamper the succeeding one. Activities 
critical to the progress of a project must be kept on top priority in the Master 
Schedule with adequate contingency measures and strict monitoring. 
Management tools like PERT (Program Evaluation and Review Technique) and 
CPM (Critical Path Method) come in handy in such situations. These would be 
discussed in later parts of this chapter.

 5. Integration of Master Schedules and harmonized scheduling:
We have talked about Master Schedules from both perspectives viz. for a 

specific project and also for the whole facility. In case of later, when the facility 
is running various projects simultaneously, the top management and director/
chief of the facility must devise a Master Schedule of all the projects in toto, tak-
ing into account the critical milestones of all projects running concurrently. 
Besides helping the management in thoughtful comprehensive monitoring of 
total programs of the facility for the overall efficiency of the research facility, it 
also helps them in steering the resources toward lagging projects and in scenarios 
of contingency nature. For example, a particular project “A” utilizes an electric-
ity-based equipment in its experiments. There is an unexpected power failure for 
3 days and project “A” (as evident from its Master Schedule) has already con-
sumed its “cushioning” capacity and would further lead to an undesirable delay 
in the whole project. Another project “B” utilizes a non-electricity-based equip-
ment for the same experiments and can produce similar results as being pro-
duced by the electricity-based equipment of project “A.” A glance at the Master 
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Schedule of project “B” also confirms that there is adequate “cushioning” time 
available in that project related to the experiment utilizing this equipment. Now 
the “Master Schedule of the whole facility” would help management in prompt 
identification of the scenario in project “B” and after verification of feasibility 
(with stakeholders of project “B”) to temporarily divert the resource to project 
“A,” they can efficiently keep it going.

6.2.3  Preparing the Master Schedule (Format and Contents)

Responsibilities for generation, maintenance, and archiving of master schedule 
should be defined at the beginning of the research work. The QA is given the respon-
sibility for maintenance and archiving of the master schedule sheets but the onus of 
its generation is not necessarily on him [2]. The master schedule can be generated 
by the study director or research personnel. In the case of the Facility Master 
Schedule, the same may be generated by the Chief of the facility/Operational Chief 
or a person designated on their behalf. Sample formats for Master Schedules for an 
individual project and for the whole facility have been provided in Figs. 6.1 and 6.2. 
Also, an example of DWS has been depicted in Fig. 6.3.

As discussed earlier, the format of the Master schedule is generally adopted by 
individual lab as per their own needs [3]. It may be generated through a computer in 
a typed and printed form and the copies provided to QA and management; or it may 
be hand filled in the prescribed format. Generally, the content of MS is given more 
importance than the format. Contents can also vary from lab to lab and it depends 

Fig. 6.1 Sample Master Schedule for individual project
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Fig. 6.2 Sample Master Schedule for the whole facility

Fig. 6.3 Sample Detailed Work Schedule (DWS)
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on the amount of information you want to add to the Master Schedule. The main 
body of Master Schedule in general contains the following information:

 1. Study name with study Code
Title of the study can be mentioned on the master schedule. However, in cases 

where confidentiality needs to be maintained, a unique identification code is pro-
vided to the study and mentioned in the master schedule. The details of such 
codes are provided to QA.

 2. Date of the study initiation
Initiation date of the project is usually the date when the study was signed by 

the study director and principal investigators (in case of multicentric study). The 
progress records of the project are maintained effective from this date onward.

 3. Study director
Details of the study director assigned for the study including his name, con-

tact, and address should be mentioned. In the case of multicentric study, another 
column with the name of the principal investigator for the site where the master 
schedule is generated and managed should be added.

 4. Study Sponsor
The master schedule also contains details related to the sponsor for the study 

such as the name of the agency, contact, and address. In case of a need to main-
tain confidentiality, a unique identification code specific to the sponsor can be 
mentioned.

 5. Test system
Test system as defined in OECD guidelines is “any biological, chemical or 

physical system or a combination thereof used in a study” [3]. For example, if 
the study involves an animal testing system, species and strain of the animals 
should be mentioned wherever applicable.

 6. Test Article
Test article, the substance being tested, and its detail that are felt necessary for 

project assessment are also included in the master schedule sheet. Example: 
Drug A given intra-muscular, intravenous, or subcutaneous.

 7. Table containing date and activity
Log of all the activities committed in the tabular form (divided weekly or 

daily as per laboratory and protocol requirement) should be given. It should con-
tain the detail of activity to be performed, initiation date of activity, status (com-
plete or incomplete), and completion date (if applicable). This table will give 
highlights of all the activities committed for the month and volume of work 
expected to be completed at the end.

 8. Revision of Master Schedule
If the master schedule is a revised version of the earlier master schedule, a 

review date should be mentioned. An updated copy of master schedule should be 
provided to QA for his record-keeping and archiving.

 9. Study Director/QA approval
The last section of master schedule should include the signature of the study 

director and management that indicates their approval and responsibility to pro-
vide infrastructure and signature of research personnel for his commitment to 
the work.
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Besides these major heads, every laboratory or study can include further infor-
mation as per their requirement they consider appropriate such as study report issue 
date and the date of archiving.

6.3  Utility of Master Schedule in Research Productivity

 1. Track of project progress:
The main purpose of master schedule is to provide a synopsis of ongoing 

work and its progress. Monthly commitment at the beginning and evaluation at 
the end of each month makes it quite easy for QA and the study director to keep 
a track of project. The estimation of deliverables at end of the month gives a fair 
idea of how many project milestones are expected to be achieved in a time-bound 
manner and helps decision-makers to take timely corrective actions in case 
of delays.

 2. Tool for Quality Assurance inspection:
QA personnel invariably use the master schedule as a tool to evaluate the 

work progress and quality of work during its monthly inspection. Observations 
about the work progress, taking into consideration the timeline of master sched-
ule for few consecutive months, clearly reflects the irregularities in the project 
and helps in investigating the reason for such irregularities.

 3. Performance assessment of Research personnel:
The performance of research personnel working on the project can be evalu-

ated using the master schedule. The adherence to schedule shows her commit-
ment toward the work. Tasks on her master schedule give highlights of activities 
she was involved in during that month.

 4. Replanning and better execution of project:
Another purpose that master schedule serves is to indicate the need for 

replanning in ongoing projects. Master schedule in a way reflects the amount 
of quality work achievable in a month. Complete/incomplete task ratio from 
the master schedule helps to replan the remaining work in a better way. A 
much better planning leads to better execution in the following months. 
During this replanning process, the management gets fair cues about the need 
for resource reallocation or additions and timely intervention prevents further 
delays in the project.

 5. Reference for future research projects:
Master schedules of all the projects are archived at the end of the project 

along with all documents related to that project. These then act as a history 
record that can serve as a reference for the planning and execution of future 
projects.

Master Schedules are being efficiently utilized by researchers all over the world 
to ensure enhanced quality of research, be it a simple research project or a complete 
program encompassing various research projects. There have been numerous 
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innovative ways this important instrument of GLP has been customized and utilized 
by researchers. Tyagi and Anand while demonstrating their innovative ZED-YOG 
quality module as a management tool used master schedules to ensure the quality of 
their research [4]. Crosby puts Master Schedules on the list of most practical and 
easy-to-use time-management techniques for Physicians in their office and research 
work [5]. The Neuroscience Research Lab at one of the premier healthcare institutes 
of India has been awarded by Nation’s Quality Council for setting examples for oth-
ers by implementing the quality principles through practices such as master sched-
uling and others [6]. Nigg et  al. in their work have concluded that a systematic 
approach that includes formative, evaluation, and summative strategies utilizing 
tools like master schedule is crucial to the effective development of emerging 
research centers [7].

6.4  Master Schedule and Research Personnel

GLP requires its research personnel to have competence in the tasks that they are 
supposed to handle (training and experience). Master schedule can be a valuable 
instrument to evaluate the performance of the research personnel. Signing a Master 
schedule means that you understand the task in hand and are responsible for effi-
cient fulfillment of it. Master schedule gives a glimpse of the volume of work done 
and by which person. Research personnel working on the same project will have a 
similar project code and the activities performed by each of them will be listed in 
master schedule reflecting the workload of each personnel. Management can decide 
on shifting a workload from one to another depending on his evaluation and weight-
age of load on each individual.

6.5  Master Schedule and Study Director

Once the study has been approved and signed by the study director and manage-
ment, protocols have been developed, it enters the master scheduling phase. Signing 
by the study director makes him fully responsible to ensure that the resources 
(human resource, space, instrumentation, chemicals, etc.) required by personnel are 
provided to him as per GLP guidelines. Allocation of lab resources is the responsi-
bility of management and therefore in GLP, this resource allocation is documented 
on the Master Schedule as well.

In a multisite study, the Master schedule should be prepared for each site with 
the unique study code for the project mentioned at each site. Master schedule 
will indicate what activities are performed at each site. The study director should 
be mentioned on all master schedules and the principal investigator responsible 
for each site on respective master schedules. It is usually the responsibility of the 
principal investigator of that site to allocate necessary resources for those 
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activities. The master schedule for such projects provides an insight into the 
workload at each site and helps management in the recruitment of research per-
sonnel at each site.

6.6  Master Schedule as a Quality Tool: Recording 
Deviations in Master Schedule

The master schedule is maintained till the study director submits the final report 
duly signed to the management and this will be considered as the completion date 
of the project. Thus, any GLP-related study begins with its entry on master schedule 
and completes with final report submission as mention on the status of master 
schedule. Master schedule is therefore a real time tracker for the study in progress. 
Signed hard copies are usually archived and made available during the inspection by 
audit committee. QA assessment is based on the adherence or completion of activi-
ties listed on the master schedule. Certain headings can be coded instead of directly 
mentioning them such as sponsor or product name to keep it confidential. Needless 
to say, decodes for those codes are available to QA at all times for his independence 
in the GLP system.

It is, therefore, a commendable document that serves as a quality tool in pro-
ductivity evaluation in GLP studies. The productivity in a given time period of 
study can be easily evaluated. Productivity is a measure of performance of the 
study. Productivity change with time provides the study director with valuable 
data that can be analyzed to understand the reasons for the change in productiv-
ity. These factors can be worked upon and replanning of the project can be done 
in cases whenever required. For this purpose, the deviations from the master 
schedule should be recorded at specified periods like at the month end. During 
quality evaluation, QA can also point out the deviations and concerned research 
personnel can then mention the reasons for the deviations such as unavailability 
of resources, time or space constraint, postponement of task due to some reason, 
new task added, etc. This will give information on net productivity in the month.

When more than one research project is being carried out in a test facility, the 
management registers all the ongoing studies on the master schedule. The mas-
ter schedule of all the studies carried out in the test facility defines the workload 
at facility based on which management can draw conclusions that whether they 
can undertake any new project in the test facility meeting. Any deviation in the 
individual Master Schedules must be entered into the Facility Master Schedule 
and further decision making be done based on these. The sufficiency of means 
required to conduct the extra study at the facility concurrently with the ongoing 
projects is met as per the GLP norms. If the management decides to enter a new 
contract, it becomes obliged to provide research staff, room for tests, and chem-
icals to run the project. Any mismanagement on any part will be considered as 
a folly of management and, therefore, master schedule provides management 
with the power to take the best decision (whether to enter a new contract) in 
their vested interest.
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6.7  Tools and Techniques That Go Handy 
with Master Schedule

There are many management tools and techniques which help management person-
nel in planning, operations, and evaluation of any project [8–11]. Commonly used 
scheduling tools include:

• Schedule Network Analysis (Gantt Chart, PERT)
• Critical Path Method (CPM)
• Critical Chain Method (CCM)
• Schedule Compression
• What-if scenario
• Resource leveling

All the timeline tools used in a project invariably have certain key elements 
which include task (activity), task duration, task dependencies dates related to tasks 
(start, end, milestones), and task assignees. These are self-explanatory.

Schedule Network Analysis tools like Gantt Chart and PERT help in identifying 
and representing the feasible timelines set for all the activities to be undertaken for 
productive research and thus prove to be a great aid in project scheduling. These are 
graphical representation of all activities of the project, the time allocated to each, 
and the sequence in which they need to be accomplished besides providing the 
interrelationships between them. Gantt and PERT are commonly used formats for 
Schedule Network Analysis and have been depicted in Figs.  6.4 and 6.5. Gantt 
charts are typically a bar graph of activities depicting the start–end dates, duration 
of activities, and milestones while PERT is an arrow and node diagram of activities 
and events; arrows representing the “activities” required to reach each “event,” i.e., 
the nodes which depict each completed phase of the project.

Fig. 6.4 A simple Gant Chart for a thesis research work
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CPM and Critical Chain Method elucidate the critical activities (on timeline) on 
which the overall progress of the project depends the most and any deviation from 
such identified activities would invariably hamper the productivity [12].CPM pro-
vides for the “longest stretch” of dependent activities amongst all the dependent 
activities (Fig. 6.5). It measures the time (from start to end) required to accomplish 
this stretch of activities which is “critical” to the progress of the project and any 
delays in which would cause delayed completion of the project. CPM has been 
depicted in Fig. 6.5. PERT and CPM are complementary tools and usually used 
together. Schedule compression tools are used to decrease the time allocated to 
some of the activities thereby reducing the total duration of the project.

These tools should be used to supplement any Master Schedule. These are estab-
lished tools for efficient management for ages. And when utilized in tune with the 
master schedule, can ensure a high level of efficiency in research productivity. There 
are numerous software and online tools available to assist researchers in developing 
and utilizing these techniques in their projects. Discussing the details about these 
tools is beyond the scope of this chapter and interested readers may refer to the 
available literature on the same.

6.8  Technology and Master Scheduling

As we have already discussed, a number of software and online tools are readily 
available today for the researchers to efficiently utilize the project time- management 
tools for enhanced research productivity. Technology has made master scheduling 
very easy and effective. Some examples of project management timeline software 
that can be used for devising efficient Master Schedules include Nifty, nTasks, 

Fig. 6.5 PERT and CPM
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Psoda, Quire, GanttPro, Smartsheet, Wrike, Bitrix24, ProofHub, Workzone, 
EasyProjects, Celoxis, Office Timeline, etc.

Besides this, there are many applications (Apps) available to assist researchers in 
developing and keeping a real-time track of the Master Schedules. Commonly used 
ones include Asana, Trello, OmniPlan, Casual, Basecamp, Podio, Microsoft 
Project, etc.

Depending upon ease of use, suitability, features, and charges, one may choose 
amongst the many available software/apps to assist in developing and executing 
Master Schedules. They help in real-time management through Master Schedules 
and enhance research productivity of individual/organization by assisting in task 
management, time tracking, issues management, risk management, resource plan-
ning and management, feedback management, reporting, performance evaluation 
and prioritizing. Additional features like data export, interactive interface, risk 
analytics, project budgeting, email invites, multi-lingulate, notes, search function-
ality, role-based permissions, customizable templates automatic notifications, 
computer telephony, meeting scheduling and management, etc. are proving to be 
a boon to the research fraternity today. Most of the available software and tools 
come along with a training program to provide hassle-free hands-on on its use to 
the researcher.

6.9  Future Direction and Implications

Researchers worldwide face a challenge of global acceptance of the data gener-
ated at their end as good quality of research has been a crucial prerequisite for 
becoming acceptable to the scientists. Principles of Good laboratory practices of 
OECD are internationally accepted norms [13] for quality research that makes 
your data widely recognition. Master Schedule is one important module of the 
Good Lab practices (GLP) which can considerably help the researchers to main-
tain the quality of data. It empowers the researcher by keeping a track record of 
the progress of the project and therefore enhanced efficiency in the work. 
Information reflected from the Master Schedule of a project aids the quality 
assurance person to note any discrepancy in the work and ensures that corrective 
actions are taken well in time. Grand Master Schedule containing information 
from all the projects undergoing in the research facility gives an idea about the 
total workload at the test facility and also helps the inspection committee to 
assess the quality and management to take a valuable decision regarding expan-
sion or retrenchment of work. Master Schedule is, therefore, a tool that is handy 
for quality control at all levels of hierarchy whether it is research personnel, 
quality assurance personnel, or management. Archived Master schedule records 
when matched with other GLP modules like SOP and DRS make the data gener-
ated at the test facility at a given timepoint verifiable at each step and add more 
weightage to it. Rigid GLP norms exploiting managerial tools such as Master 
schedule will make researchers more confident in the presentation of their data 
and more acceptable to the advanced groups involved in research. Pharmaceutical 
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companies would be more appreciative of such data being produced in GLP regu-
lated manner and in turn boost their confidence in investing in clinical trials 
based on results coming from such studies.
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7Logsheets and the Academic Progress 
of Ph.D. Students

Kalyan Maity and K. Sadasivan Pillai

7.1  Introduction

The irreproducibility of research is a severe crisis that the research community is 
facing today. A survey conducted on 1576 researchers revealed that more than 70% 
of them failed to reproduce another researcher’s experiments, and more than half 
have failed to reproduce their own experiments [1, 2]. The reasons attributed to the 
irreproducibility of research are many. One of the reasons is improper or no record-
ing of experimental details. An experiment may fail due to the use of expired 
reagents, non-calibrated equipment, non-validated methods, poor experimental con-
ditions, etc. If the researcher wants to investigate the failure or reassure the success 
of the experiment, he/she should have evidence of the conduct of all the activities 
related to the experiment, which include the reagents and equipment used, environ-
mental conditions maintained while conducting the experiment, etc. For the conduct 
of any experiment, it is essential to maintain traceable records of the thought pro-
cess of the experimenter and the detailed procedures of the experiments [3]. The 
experimenter should ensure that such records made are accurate, complete, and 
accessible.

In a research laboratory adhering to the principles of GLP (Good Laboratory 
Practice), recording of these activities is done in logsheets. Logsheet is defined as 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-3074-3_7&domain=pdf
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the data recording tool to record each and every information of any particular activ-
ity. The entry of activity in a logsheet should be made as and when it occurs. 
Logsheets provide confidence to the experimenter about the work/activity that he/
she had carried out. Logsheets are proof of the past activity performed. For easy 
maintenance, a separate logsheet is maintained for each activity.

7.2  Laboratory Notebook and Logsheet

It is a usual practice in several academic institutions to record experimental proce-
dures and findings in a laboratory notebook [4]. A Laboratory notebook (LNB) is a 
controlled document; hence, the experimenter should get it issued from his/her 
mentor or document controller. The pages of the LNB are numbered, and a separate 
space is allotted to write the title of the experiment, aim and objectives of the experi-
ment, instruments and materials to be used for the conduct of the experiment, 
results, interpretation/conclusion, and dated signature of the experimenter. Each 
experiment is given a title and unique number in the LNB, which is useful in record-
ing an activity related to the experiment in logsheets. Several industrial research 
laboratories have implemented a paperless recording system, by establishing elec-
tronic laboratory notebooks [5]. But electronic laboratory notebook has some risk in 
maintaining intellectual properties [6]. A major difficulty in implementing an elec-
tronic laboratory notebook is that all laboratory equipment are required to be soft-
ware based in order to communicate with each other. In today’s quality system, it is 
a requirement that all software is validated, which is an expensive and difficult task 
for an academic research laboratory.

LNB provides elaborate details of experiments done, whereas logsheet provides 
evidence of various activities of the experiments performed. Therefore, a well- 
designed scientific experiment explained in an LNB loses its scientific credential, if 
the records of the activities of the experiment done are not traceable.

Broadly the logsheets maintained in academic research laboratories can be clas-
sified into personal logsheets and laboratory logsheets. In this chapter, a brief 
description of the logsheets maintained in academic research laboratories is given. 
Templates of a few of the logsheets maintained in our laboratory (Neuroscience 
Research Laboratory, Department of Neurology, PGIMER, Chandigarh-160012, 
India) are also presented in the chapter.

7.3  Personal Logsheets

7.3.1  Journal Clubs Attended/Journal Clubs Presented

Presenting published research papers of other authors related to the Ph.D. student’s 
research area at the journal club is an important part of research activity. While 
presenting the paper, it is expected that the research student discusses what is 
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lacking in that study and what could further be done in that study. While studying 
and presenting another researcher’s work, one can improve his/her style of presenta-
tion of research findings. Another benefit is that the research student can improve 
his/her presentation skills, both in writing scientific articles and giving oral presen-
tations. By attending and taking part in discussions in the journal club, the research 
student learns to formulate questions to be asked in scientific platforms. The research 
student should keep a record of the journal club attended and the presentation made 
in the journal in the logsheet. The record should detail the speaker’s name, the title 
of the topic of the research paper presented, the date of the presentation, and the 
venue where the Journal club was held. It is also important to mention in the log-
sheet the key points discussed in the journal club (Table 7.1).

7.3.2  Seminars Attended/Seminars Presented

In the seminar, the student should present research papers, usually related to his/her 
research work, and discuss the research findings. The presentation of negative 
results obtained from the experiments should be encouraged in the seminars. The 
research student may cite other scientists’ work to support his/her findings, but it is 
expected that the student also explains the findings using his/her thought process. 

Name Date of
Joining 

Position Held Venue Date and
Time  

*Journal Club 

At tended/Presented

Name of the Speaker Title of the Topic

Key Points Discussed (use a separate sheet if necessary): 

Signature of the 

Attendee

Signature of the 

Speaker

Format No Format Approving 

Date

Table 7.1 Journal club attended/journal club presented—logsheet template

*Strike off as appropriate
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As for the Journal club mentioned above, a similar record of seminars attended and 
seminars presented should be maintained in the logsheet.

7.3.3  Research Meetings Attended

Attending research meetings helps to solve the problems that regress research prog-
ress and encountered in other related activities. The research meeting logsheet pro-
vides information on the discussion held in the meeting and also provides an 
indication of the agenda to be discussed in the next meeting. A template of logsheet 
for the research meeting attended is given in Table 7.2.

7.3.4  Laboratory Meetings Attended

In the laboratory meetings, research students have a discussion with the PI about 
any issue in the laboratory, and the progress made in the research work till the date. 
Logsheets of such meetings should be maintained (Table 7.3).

Name  Date of
Joining 

 

Position Held  Venue Date and
Time 

 

     

Key Points Discussed (use a separate sheet if necessary):  

 

 

 

 

Signature of the 

Attendee  

 Signature of the 

Supervisor/Mentor  

 

Format No   Format Approving 

Date  

 

Table 7.2 Research meeting attended—logsheet template
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7.3.5  Research Data Presented

The raw data should be presented in an effective format. It can be presented in tex-
tual, tabular, or graphical forms, depending on the nature of the data. It is very 
important to select an appropriate method to present raw data [7]. Ph.D. students 
should consider several rules while presenting the raw data, especially numerical 
data, for example, the number of figures to be retained after the decimal point. It is 
also important to present results of statistical analysis with proper justification, for 
example, standard error and standard deviation, significant level denoted as P < 0.05, 
etc. A separate logsheet should be established for making entries of details of such 
meetings (Table 7.4).

7.3.6  Leave Records

Planned leave should be recorded in the logsheet and all concerned should be 
informed so that the ongoing work does not get affected. Any unplanned leave 
should be informed to a colleague, who will take care of the research activity of the 
leave applicant in his/her absence, if required; both are required to put signatures in 
the leave application logsheet (Table 7.5).

Name of the Student Date of 

Joining 

Position Held  Venue Date and Time  

     

Title of the Research 

Topic 

 

Key Points Discussed (use a separate sheet if necessary):  

 

Signature of the 

Student 

 Signature of the 

Supervisor/Mentor  

 

Format No   Format Approving 

Date  

 

Table 7.3 Laboratory meeting attended—logsheet template
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7.3.7  Details of Work Done on Different Projects

In case a research student is working on a project other than his/her research work, 
it should be documented in the logsheet. This information is useful in assessing the 
workload of the research student. Assessing such workload is necessary to maintain 
the quality of the research activities in the department, because quality may be com-
promised in the work of a student overburdened with several projects. A template of 
the logsheet for recording details of the work done and time utilized for other proj-
ects is provided in Table 7.6.

Name of the 

Student 

Date of 

Joining 

Position Held  Venue Date and Time  

     

Title of the 

Research Topic 

 *Raw 

Data 

Format  

Textual  

Tabular  

Graphical  

Statistical 

Analysis 

Raw Data Description 

(Example, Bodyweight, IgG, 

Statistical analysis, etc.) 

 

Key Points Discussed (use a separate sheet if necessary):  

 

 

 

 

Signature of the 

Student 

 Signature of the 

Supervisor/Mentor 

 

Format No  Format Approving 

Date 

 

Table 7.4 Research data presented—logsheet template

*Put a tick mark in the appropriate box given in the next column
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Name of the Student  Date of 

Joining 

Position Held 

   

Date of 

Leave 

Required 

(Panned 

Leave) or 

Absence 

(Unplanned 

Leave)1 

Leave 

Type-

Planned 

(P) or 

Unplanned 

(UP)  

Reason for the 

Leave 

Signature 

of the 

Personnel2 

Signature 

of the 

Leave 

Applicant 

Signature 

of the 

Approving 

Authority  

      

      

      

      

Format No  Format Approving Date   

Table 7.5 Leave application—logsheet template

1Fill in the date of unplanned leave on joining the lab work after the leave
2The person who performed the work in the absence of the leave applicant

Name of the Student Date of
Joining 

 

Position Held 

   

Date Title of
the 
Project 

 

Details of the Work
Done 

 

Time
Utilized for 
the Work (h) 

 

Signature
 of the
Student 

 

Signature
of the 
Supervisor/
Mentor

 

      

      

      

      

Format No  Format Approving Date   

Table 7.6 Work done and time utilized in other projects—logsheet template
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Name of the 

Student

Date of 

Joining

Position Held Venue Date and Time

Title of the 

Research Topic 

Key Points Discussed (use a separate sheet if necessary): 

Signature of the 

Student

Signature of the 

Supervisor/Mentor

Format No Format Approving 

Date

Table 7.7 Doctoral committee meetings—logsheet template

Name of the Student Date of 

Joining 

Position Held 

   

Serial 

Number 

Title of 

the 

Paper 

Authors Journal 

Name 

Publication 

Status1 

Date Copy 

of the 

Paper 

Submitted 

to Dept 

Library2 

Signature 

of the 

Student 

C
o

m
m

u
n

ic
at

e

U
n

d
er

   

P
u

b
lis

h
ed 

         

         

         

         

Format No  Format Approving Date  

Table 7.8 Research paper communicated/published—logsheet template

1Put a tick mark in the appropriate subcolumn
2Write NA (Not applicable), if the paper is not published
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7.3.8  Doctoral Committee Meetings

A separate logsheet should be maintained to record the presentations made or the 
discussion held at the Doctoral committee meetings (Table 7.7).

Name of the 

Student

Date of Joining Position Held Address of 

Conference 

Venue

Date and Time

Name of the 

Conference

Research Paper 

Presented1

Oral Poster Participated as an 

Observer

Title of 

Research Paper 

Presented

Key Take away messages from the conference (use a separate sheet if necessary): 

Signature of the 

Student

Signature of the 

Supervisor/Mentor

Format No Format Approving 

Date

Table 7.9 Conferences participated—logsheet template

1Put a tick mark in the appropriate box given in the next column
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7.3.9  Research Papers Communicated/Published

A record of research papers communicated/published should be maintained in a 
logsheet (Table 7.8).

7.3.10  Conferences Participated

A record of participation in conferences should be maintained in a logsheet 
(Table 7.9).

7.3.11  Meetings Held with Visiting/Guest Faculties

Another way to expand one’s knowledge is by meeting and discussing with guest 
faculties. The research student should formulate the questions to be asked or doubts 
to be cleared with the guest faculty in advance. Such meetings should be captured 
in the logsheet. The template of the logsheet for meeting with visiting/guest facul-
ties is similar to that given in Table 7.7.

7.3.12  Discussion with PI

Record in the logsheet the periodic discussions held with the PI.  The problems 
faced in experimental work and difficulty in understanding scientific aspects in the 
research subject should be discussed with the PI. List out all the matters to be dis-
cussed with the PI prior to the meeting. The template of the logsheet for holding 
discussions with PI is similar to that given in Table 7.7.

7.3.13  Community Services

All research work should ultimately benefit society, mankind, or the environment. 
Any work carried out in this direction should be captured in a logsheet.

7.4  Laboratory Logsheets

7.4.1  Equipment Maintenance and Operation

In the quality system of a research laboratory, the equipment logsheet occupies a 
prominent position as it provides history, day-to-day performance including break-
down, maintenance, calibration, and validation status of the equipment. Equipment 
logsheet is the only means by which the researcher can assure the reliability and 
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accuracy of the data obtained from the equipment. A template of the equipment 
logsheet is given in Table 7.10.

An equipment logsheet should contain equipment-related details like the name, 
manufacturer, and serial number of the equipment. It is useful to mention the date 
of purchase of the equipment as it provides an indication of the age of the equip-
ment. The due date for calibration may be decided based on the age and frequency 
of use of the equipment. The equipment manual is a document as important as the 
SOP of the equipment. The IQ/OQ/PQ of the equipment must also be noted at the 
time of purchase of equipment. In a GLP research laboratory, the equipment manual 
is given a unique identification number and treated as a controlled document. 
Mention in the logsheet where the equipment is located. Small pieces of equipment 
like pipettes, hygrometers, thermometers, etc., can be shifted from one place to the 
other, but equipment of higher levels including weighing balances should not be 
shifted often from one place to the other. If there is a need for shifting, calibrate the 
equipment before use. Mention in the logsheet where the validation and external 
calibration documents are stored. The day-to-day activities are recorded promptly in 
the appropriate columns: in the column titled “Purpose,” experiment number, proj-
ect number, calibration, preventive maintenance, repairs, etc., are entered as the 
case may be. In the column titled “Remarks,” a tick mark is added if the equipment 
is working satisfactorily, otherwise the problem encountered with the equipment is 
described.

Equipment 

Name

Manufacturer Serial 

Number

Date of 

Purchase.

Equipment 
SOP No.

Equipment 

User 

Manual 

No.

Validation 

Date and 

Validation 

Document 

Location 

(Folder No.)

Revali

dation 

Date

External 

Calibration 

Documents 

Location 

(Folder 

No.)  

Equipment
Location

Date User Name Purpose Login Time Logout 

Time

Remarksa User 

Signature

Format No Format Approving Date

Table 7.10 Equipment maintenance and operation—logsheet template

aA tick mark in Remarks column indicates the Equipment was working satisfactorily at the time 
of logout
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7.4.2  Laboratory Environmental Monitoring

Biological samples are sensitive to a change in environmental conditions in the 
laboratory. The environmental conditions, particularly temperature and humidity 
should be set to the accepted range so that sample handling, analysis, and equipment 
operation are not affected by the change in temperature and humidity. Controlling 
environmental conditions in animal house facilities is essential as a small change in 
the environmental condition may adversely affect the outcome of the study [8, 9]. 
The temperature and humidity of the analytical laboratory and animal house should 
be recorded in the logsheet. Evaluation of microbial contamination is necessary for 
the laboratories handling biological materials and in the animal house facilities. All 
the activities done in the animal house should be reflected in a logsheet (Table 7.11).

Observations Made/

Activities Carried Out

Date and Time

Recording of Room temp.& Humidity

Floor cleaning

Physical Examination

Bed change

Cage change

Drinking water bottle change

Feeding 

Watering

Mortality observed/

Carcass removed

Sacrifice

Signature

Format No Format Approving Date

Table 7.11 Animal house activities—logsheet template

√ Observation made/Activity done; × Observation not made/Activity not done
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7.4.3  Microbiology Media/Reagent

Details of the chemicals or reagents prepared should be captured in logsheets. In the 
case of preparation of media, record at least the following in the logsheet [10]:

• Date and preparer’s name
• Expiry date
• Storage condition
• Name of the medium, the lot number, and manufacturer
• Number of prepared plates, tubes, bottles, or flasks
• Assigned lot and batch numbers
• Color, consistency, and appearance
• Number of plates used for QC
• Sterility test results at 24 and 48 h
• Growth test(s)
• pH
• In the case of preparation of a reagent, record the following in the logsheet:
• Date and preparer’s name
• Expiry date
• Storage condition
• Assigned number
• Color and appearance (if applicable)

Location: Month:

Maintained by: Updated on:

Sr. No. Name of 

Chemical

Company Quantity Number

1.

2.

Personnel Involved Name Signature

Prepared by

Reviewed by

Reviewed by QA

Format No. Format Approving 

Date

Table 7.12 Chemical inventory—logsheet template
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7.4.4  Chemical Inventory

Logsheet is an essential tool for judicious use and for maintaining an inventory of 
high purity chemicals. The entries in the logsheet should be made in such a way that 
at any time point the information on the quantity of the chemicals is readily avail-
able (Table 7.12).

7.4.5  Sample (Test Item) and Reference Items

A sample is the key substance of the research; hence, it should be collected, trans-
ported, stored, prepared (formulated), and disposed of appropriately. Records of all 

Sample

(Test

Item)

Collected/

Received

by

Date of

Collection

Quantity
of
Sample
Received
(provide
units)

Describe 
Container
 in Which
Sample
Received

Storage
Condition
(Freeze, 
Refrigerate,
Room
Temperature)

Stored in
(Identification
No. of
Freezer,
Refrigerator,
Cupboard
etc)

Sample
(TI)
Disposal
(Describe
quantity
of TI 
disposed, 
Method 
of 
disposal,
Reason
for
disposal
with
signature) 

Date Issued to Quantity
Issued
(provide
units)

Opening
Stock 
(provide
units)

Balance 
Stock 
(provide 
units)

Signature

Format No. Format Approving 

Date

Table 7.13 Sample (test item) storage, issuance, and disposal—logsheet template
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these activities should be available in the logsheet. A template of logsheet for sam-
ple (Test Item) is given in Table 7.13.

7.4.6  Coding

Coding of the experiment or test item plays an important role in maintaining the 
confidentiality and avoiding bias in the research. Any coding activity done should 
be recorded in a logsheet.

7.4.7  Data Collection

Mistakes in data entry can be avoided by the use of a logsheet [11]. The data varies 
from one type of experiment to the other. Hence, a structured template may not suit 
every experiment [4]. In such cases, provisions should be given in the templates to 
record all types of data.

Serial No. Date Material1 Quantity2 Disposal 

Method3

Source4 Signature5

Format no. Format approving date

Table 7.14 Materials disposal—logsheet template

1Mention name of the material to be disposed (e.g., carcass of rats, microbiological nutrient media, 
animal house bedding material etc.)
2Mention quantity of material to be disposed
3If an inhouse method is used, mention SOP number. If handed over to an agency approved by the 
Pollution Control Board, mention so
4Mention experiment or project number, if the material is originated from it. If an expired material 
cannot be traced to an experiment or project, mention as ‘expired’ with expiry date
5The person who puts the signature must ensure that the disposal is done properly
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7.4.8  Disposal

In a research laboratory, a variety of materials are disposed. Dead animals, micro-
biological nutrient media, biological wastes, used chemicals are a few of the materi-
als regularly disposed of from a biological research facility. Storage and disposal of 
the materials should be done in a manner that is safe to the handler and the environ-
ment. The appropriate procedures should be in place to ensure that all disposal 
activities are done in an environment-friendly manner. Records of the materials 
disposed of should be maintained in a logsheet (Table 7.14).

7.4.9  Change Control of Approved Documents

A provision should be available to make changes in any approved document. This 
will provide a mechanism for continuous improvement in the procedure described 
in the document. Any change made in the approved document should be justified, 
reviewed, approved, and then implemented. The procedure to be followed to make 
a change in an approved document should be adopted for logsheet as well 
(Table 7.15).

Change Control Serial Number

Date

Document Type (SOP, Format, Study 

Plan, Others-Specify)

Document Number

Title of the Document

Change/s Proposed Existing Procedure Reason for the Change/s

Initiated by

(Name and Signature)

Laboratory Incharge

(Name and Signature)

Reviewed by QA

(Name and Signature)

Format no. Format approving date

Table 7.15 Document change control—logsheet template
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7.5  Future Directions and Clinical Implications

Irreproducibility of research has become a serious concern for scientific communi-
ties, funding agencies, and regulatory bodies. The scenario is the worst in preclini-
cal drug research. Several studies reported that a major reason for the failure of 
drugs in clinical research is the irreproducibility of preclinical research. It is impor-
tant to establish a system in research facilities to trace every activity of research. 
The usual practice is to record the activities in logsheets. Another alternative to this 
is to record electronically, and any change to electronically recorded entry should be 
traceable without obscuring the original entry.

7.6  Conclusion

Improper or no recording of activities involved in research is one of the reasons for 
the irreproducibility. Recording an activity carried out in a logsheet provides evi-
dence of that activity carried out. In today’s quality systems, including GLP, it is 
essential to record all activities in the logsheet, so that the logsheets stand as the 
evidence for the activities carried out, and also act as a tool for tracking the activities.

Acknowledgments The authors are grateful to Dr. M Baskar, Quality Assurance Department, 
International Institute of Biotechnology and Toxicology for suggestions and for providing notes on 
the maintenance of logsheets in GLP-certified facilities.
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8Instigation and Adherence to the Quality 
Assurance Program to Avoid Academic 
Conflicts

Priya Battu, Bhavya Mody, Sumit Rana, 
and Kaushal Sharma

8.1  Introduction: Quality Assurance in Academics

The terms Quality, Quality control, and Quality assurance have different connota-
tions. Quality refers to the degree of excellence of a product or process. Quality 
control is a process involving the fulfillment of quality standards [1] and quality 
assurance refers to the maintenance of the quality of any product or service by pay-
ing attention to every stage of the process. There are many instances in history 
where failure to comply with quality led to disastrous mishappenings. One such 
incident is the grounding of Boeing 737 MAX airliners after around 350 people died 
in two crashes. There was technical insufficiency and lack of transparency which 
led to the grounding of the airliner, which was the longest ban on any airliner in the 
history of aviation [2]. Another incident was the Brumadinho Dam disaster, which 
resulted in the death of nearly 300 people and many were reported to be missing. 
The dam was owned by Vale SA and the company knew that the sensors that were 
installed for keeping a check on the structural integrity of the dam had some prob-
lems. But the failure to act upon it led to the catastrophe which claimed the lives of 
hundreds of people. California wildfires were also caused due to poor quality and 
aged equipment used by the company which led to the loss of lives and property as 
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well. This also brought liability claims against the company [3]. Sometimes the 
reputation of corporate and researchers is also marred with such controversies due 
to jealousy- driven accusations [4, 5], and also falsely claiming the data where lack 
of proper documentation enhances such allegations. These are examples that show 
the importance of a quality assurance (QA) program in general to promote the trans-
parency and implementation of adequate QA in the respective domains [6]. QA in 
academics is also required to prevent the conflicts generated during the process of 
data generation, filing of grants/projects, and presentation of data in the form of 
publications and patents [6, 7]. The academic conflicts may range from the incep-
tion of research questions in form of the academic project till the outcome of the 
project including an adopted methodology and processes. There have been many 
strategies and norms laid down from time to time, at the institutional (conflict 
among research staff and faculties), national (for the public interest, industrial and 
governmental benefit), and at the global levels (for International collaboration and 
commercial benefits) which prevent these conflicts. All these come under the aegis 
of GLP (Good Lab practices). GLP can help in neutralizing and streamlining the 
various aspects of research and clinical setup during the complete research tenure 
where various academic conflicts can arise. Some of the basic protocols must be 
adopted in research labs to manage the research activities at micro/macro levels by 
preparing the MS (Master schedules), pertaining SOPs (Standard Operating 
Protocols), DRSs (Data Recording Sheets), etc. where the basic method is provided 
in a structured format. These are required to maintain the documentation of the 
process/methodology conducted during the experimentations and also to report 
deviation(s) from SOPs, if any. Similarly, the copyright of a research idea can avoid 
initial conflict among National and International collaborators, and can motivate the 
researchers by expanding the implementation of the idea at the societal and com-
mercial level. Hence, an idea must be secured from false claiming of ownership. 
Simultaneously, applying for grants/funding based on the research idea and its 
inferences including both at societal and commercial levels must also be streamline 
to avoid any probable conflicts by enhancing the transparency of the claim and 
ensuring its credibility [5]. In this case also, copyrights of an idea can further pre-
vent any conflict among the research group’s claim. Data generation, which involves 
comprehensive experimentations, is also a potential source of conflict among 
research groups (due to adopted methods and processes used). This can also involve 
data fraud and false claiming of generated data and/or generation of a novel method, 
which is not reliable or has been copied. To prevent this, preparing an MS and docu-
mentation in DRS during the experimental work (along with any deviation from 
SOP done or observed) of the project can act as a source of record (with time) and 
it can help in streamlining the activities that are to be performed in the near future 
[8]. Hence, Master Schedule (MS) should be formulated carefully under the super-
vision of the Principal Investigator. However, a Grandmaster schedule (GMS) needs 
to be followed in case of National and International collaborations to further avoid 
any conflict at any point of time in the project. SOPs are documents that should be 
followed while performing research to avoid any deviation and to increase the 
reproducibility of research. However, reporting and documentation of any deviation 
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while performing an experiment as per SOP are equally important in academics. 
Data Recording Sheets (DRS) can also aid in record keeping and act as proof of the 
experiments performed which can be matched with logbook entries of used instru-
ments and chemical logsheets to improve the back traceability of the same. 
Recording the steps of a procedure while performing experiments is another strat-
egy that can be followed to avoid conflicts in the near future. This not only acts as 
proof of the experiments being performed but also assures that procedures being 
followed are correct. Once raw data is generated, it should be entered correctly in 
the form of electronic files and should be validated timely to assess if there are any 
variability and wrong entries in the recorded data. Moreover, conflicts can be raised 
in the presentation of data i.e. in the form of publications and Patents among col-
laborators (both National and International) and the parent Institute. Such documen-
tation can serve as a foundation for the formulation of guidelines. Publication 
agreement document should contain the particulars and contribution of each author 
and all the authors must duly sign it. Similarly, for patents, the inventorship form 
should be procured from the inventors. Hence, GLP is an essential and integrative 
part of the quality assurance program in the research/academic fraternity that must 
be followed diligently to avoid any kind of associated conflicts. This chapter 
attempts to discuss the crucial points in research and associated clinical domains to 
avoid the tampering of data and false claims, if any. To achieve a better outcome, 
such norms and guidelines, one needs to impose or follow the well-established (uni-
versal and/or institutional) guidelines stringently, without any failure.

8.2  Implementation of QA in Academics

Quality assurance is important in academics because it strengthens the defensive 
party, in case there are false accusations inspired by negative competition. When 
grants are filed, only a few are accepted and others are rejected, which might be 
due to lack of merit, bias and funding agency might doubt the procedure followed. 
A grant should be extensively reviewed, preferably by adopting the double-
blinded reviewing process. Neither the applicant must know the reviewers, nor 
should the identity of the applicant be revealed at any stage till the declaration of 
result. An online tracking system may be helpful where reviewers can submit their 
comments in a timely fashion and the applicant can address them as per the exper-
tise of the PI and the co-PIs mentioned in the project. This can be done to improve 
the grant application by avoiding any biasness during the evaluation of the grant 
application at any stage. Similarly, an ethical committee consists of experts from 
wide areas of discipline who can also provide further insight about ethical aspects 
in the project, which can enhance the outcome and reproducibility with minimum 
and appropriate use of methods. An ethical committee review must also be trans-
parent and unbiased and should be done without any delay, so that the project 
outcome can be delivered on time and the career of a associated Ph.D. student is 
not affected. The ethical committee should be registered to the national body and 
should be guided for CTRI registration (Clinical Trials Registry of India) and the 
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date of start of the study. It should monitor the research activity on time to observe 
compliance, as usually after getting the approval, the researchers do not comply 
with the ethics. Multiple ethical committees within an institute (without 
Institutional Review Board, IRB) should be discouraged. Conflicts regarding the 
rationale of the study should be clearly addressed by the applicants. A clear indi-
cation of rejection should be mentioned, and further evaluation of amendments 
should be considered without much delay so that the grant application can be filed 
timely (to preserve the research question). Conflicts are also generated due to 
favoritism during recruitment for various positions, promotions, Ph.D. positions, 
postdocs, etc. Hence, the authorities should outline and follow a transparent pro-
cedure for recruitment. Each Institute or university may have different criteria 
which should be notified to the candidates when inviting them. The criteria should 
be complied to, and any deviation should be mentioned while declaring the results. 
Hence, a quality assurance program in such academic processes, implemented by 
internal and external reviewing mechanisms can enhance the auditability, and pre-
vent any false allegations. Additionally, publication of such reports (done by 
extensive QA review) in Institutional bulletins can also be published which could 
be appreciable step toward increasing the transparency and creditability of the 
processes. Similarly, for awards, a certain criteria need to be in place that should 
be followed and should not be affected by personal relations. These criteria should 
be based on the common good of the public, for example, on the basis of how the 
inventions or discoveries were done by the awardee and translation implication of 
the discoveries. Awards should be based on the applicability of the discovery 
rather than the number of publications or citations. Sometimes, the number of 
citations increases by self-citing a publication or citation by peers or collaborators 
[9–13]. Hence, the implementation of the QA program to avoid the common prac-
tice of false awarding based on self-citation, without justification, can also be 
done for the overall streamlining of the process of award scrutiny [14, 15]. 
Sometimes self-citation is also being used to self-propagate the research idea of a 
group among the scientific fraternity. However, QA could (both internal and 
external review) play important role in the evaluation of self-citation of research 
paper/idea, could also enhance the research outcome of the respective 
research group.

Business-related academic conflicts are also generated during lab testing like 
routine testing, genetic testing, etc. when the results may vary. Hence, it is better to 
run the samples in duplicates and validate the results by a third person. Equipment 
used for testing should be well calibrated, and reagents and chemicals should be of 
quality standard. Currently, India is running trials for five COVID-19 vaccine can-
didates. However, the lack of transparency in conducting and regulating such trials 
brings them under scrutiny. Usually, the information regarding such trials is updated 
on the Clinical Trials Registry of India (CTRI) . The Covishield vaccine testing by 
one of the institutes in India seemed to not provide complete information regarding 
the trials. It also seemed that the institute focused on the safety of the vaccine, rather 
than efficacy, as is expected from Phase 2 and 3 trials. It is not necessary to share 
testing protocols, but it surely increases public trust, and such steps are being taken 
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by various companies for COVID-19 vaccines. CTRI details are often not updated 
and are incomplete. Evaluation of the safety and adverse events associated with 
such trials is also required. Some scientists believe that information regarding the 
experts who review such proposals and give recommendations should also be made 
public. Hence, more transparent data sharing policies are encouraged [16].

Implementation of QA in Clinical Settings
Conflicts are also generated during clinical evaluation of the patient, diagnosis of a 
disease, and in healthcare settings. Misdiagnosis of a disease can cause a life- 
threatening situation in addition to causing wastage of resources and money. Taking 
a second opinion can prevent this. A series of clinical investigations needs to be 
followed by people with internal and external expertise in the field before conclud-
ing with a consensus opinion, to strengthen the diagnostic efficacy. For laboratory 
diagnosis, internal and external quality assessments can be done. Internal quality 
control refers to the procedures that compare the results produced within the same 
laboratory at different times/by different people [17]. External quality assessment 
refers to the comparison of results with external laboratories (to a peer lab or a refer-
ence lab) [18]. Using Quality assessments, the aspects that need to be improved in 
diagnostic methods can be found out. For example, a study conducted to determine 
the prevalence and causes of misdiagnosis of tuberculosis by microscopy using 
Ziehl–Neelson stained smears used External Quality Assessment (EQA) to compare 
the results of various laboratories to a reference laboratory. Misdiagnosed cases 
were found out using EQA, and an association with other parameters of the same 
lab such as smear quality, infrastructure, materials used, etc. was established [19]. 
Such methods can help in identifying the areas with maximum scope of improve-
ment to increase the diagnostic efficacyof the laboratory.

For quality assurance in clinical diagnosis, peer-review QA committees in vari-
ous departments of the hospitals can help in analyzing the patient care and manage-
ment, and further suggest areas of improvement. For example, a study was conducted 
for misdiagnosis of neurological cases in the Emergency Department (ED) of a 
tertiary care center. QA review committee of the department analyzed medical 
records, ED course, and interviewed the physicians. This can help in identifying the 
common errors along with the ways to avoid them [20]. In clinical settings, there are 
examples of QA being implemented in an online format also. In Harvard Medical 
School, Boston, an online QA database was developed for Radiology that allowed 
the staff to submit cases with appropriate imaging for the review. A Quality 
Management Team (QMT) was also formed that was responsible for assigning a 
reviewer for each submitted case, as well as for the final review of the case. This 
method, being computerized, enabled easier monitoring of trends in diagnostic 
errors, as compared to an offline format. Additionally, this also enabled in finding 
ways how better training and quality improvement projects can be initiated for the 
various sources of error [21].

In the case of life-threatening disorders, at least two confirmatory diagnostic 
tests should be mandatorily done and for particular disorders, certain tests should be 
considered as the gold standard like RT-PCR for COVID-19. QA implementation in 
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a diagnostic facility can also enhance the diagnostic efficacy along with developing 
an effective and precise treatment strategy based on the clinical phenotype. 
Therefore, academic implementation of QA in clinical diagnosis can enhance the 
overall image of the Institute by minimizing the chances of misdiagnosis of disease, 
increasing transparency and reproducibility of the diagnostic results.

8.3  Scientific Misconduct: A Lesson from the History

Misconduct in research is not a new topic of discussion. There have been various 
incidents in the past where misconduct in research was reported and led to dire 
consequences. One such incidence was the discovery of STAP cells by a Japanese 
researcher. She claimed that she had discovered an easy way to produce stimulus- 
triggered acquisition of pluripotency (STAP) cells that can be used to grow tissues. 
This was apparently considered a path-breaking discovery in the scientific commu-
nity. She published her discovery in an esteemed journal. Within a few days of this 
publication, allegations of fraud started emerging on social media platforms. The 
reported images had been doctored and the text in the papers also appeared to be 
plagiarized [22]. Her Professor proposed retraction of the pertaining papers and told 
her to reproduce the experiments, followed by an investigation launched by RIKEN 
to identify the misconduct and falsification of data generation. It was later found 
that the images in the paper were from her thesis work and these were two indepen-
dent scientific works. RIKEN found her guilty of scientific misconduct [23]. She 
was not able to reproduce her data and it was difficult to verify her poorly kept 
records. The publications were retracted [24, 25]. Her supervisor was so over-
whelmed by the accusation that he committed suicide. This was indeed a heart-
breaking incident that has resulted from carelessness in research.

Data fabrication is often done by students during research activities. An 
Australian researcher also had to retract her papers from esteemed journals related 
to a clinical trial of Ramipril, which is a drug for hypertension. Later, she admitted 
to the fabrication of data pertaining to records of the patients [26]. Another Professor 
working on Cancer research from the Anderson Cancer Centre, University of Texas, 
MD had to retract publications after fraud was detected in his papers related to 
Curcumin in cancer [27]. Sometimes, the researchers mislabel their research work, 
such as lanes in gels. In one of the incidents a former postdoctoral fellow at St. Jude 
Children’s Research Hospital was found to have falsified an image and mislabeled 
gels, as a result, the papers were retracted from reputed journals including the 
Journal of Cell Biology and from Molecular and Cellular Biology [28]. Sometimes, 
the researchers also steal ideas from published work and use them to publish their 
own [29]. Later on, he was found guilty and his NIH funding was stripped off.

Documentation of results in a doctored fashion is one of the major problems in 
the research fraternity. The researchers do not keep records of their experimental 
work, which is a prompt violation of the guidelines of federal research. A cancer 
researcher at Ohio State University was made to retract his work after an investiga-
tion found the falsification of the data without documentation of research data [30]. 
Consequently, such allegations on researcher/research groups could lead to a ban 
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from publication and receiving grants from funding agencies, if proven guilty. Such 
was the case of a former associate professor of Ophthalmology at Harvard University 
Medical School who was found to have fabricated the grants and publications. He 
was barred from receiving any funding from NIH for the next 10 years [31]. A sci-
entist was found to tamper the experiments to achieve desired results, like it was 
done by a former assistant professor of biomedical sciences at Iowa State University. 
Herein, he was working on an AIDS vaccine, and to achieve desirable results he 
spiked the rabbit blood with the human antibody. He, later on, agreed to all the 
charges and accepted 5 years imprisonment and returned the funding to NIH [32]. 
One astounding incident was reported in South Korea where a former professor cre-
ated fake mail IDs to peer review his own articles [33]. Importantly, compliance to 
informed consent rules may be overlooked which might have serious implications. 
Two recently published articles regarding COVID-19 that gained much importance 
when they were published had to be eventually retracted. The paper citing the effi-
cacy of hydroxychloroquine (HCQ) in treating COVID-19 was retracted from 
Lancet after the data was found non-reasonable [34]. Another paper was published 
in NEJM that refuted that those who have been taking ACE inhibitors and ARBs had 
increased mortality due toCOVID-19. This retraction was due to similar reasons 
[35]. Falsification of data, reporting the experiments that have not been done, and 
data forging are common scientific misconduct practices. Students also practice the 
fabrication of references while writing a paper. They do not read the paper but cite 
them in the bibliography to meet the demand of a certain number of references as a 
given guideline by a journal. A multicenter 5-year randomized clinical trial was 
published in NEJM in 2013, showing a Mediterranean Diet’s preventive effect on 
severe Cardiovascular events implying that the diet was solely responsible for the 
results, which gained much popularity and was later retracted on grounds of 
improper randomization among the groups [36]. An anesthesiologist, J B Carlisle 
investigated several randomized controlled trials across various journals, and he 
found problems in 5087 trials, including this study [37]. It was revised in 2018, and 
the results still showed a beneficial effect of the Mediterranean diet but not with as 
much certainty [36].

In academics, plagiarism is also being practiced while writing a paper and all 
scientific journals condemn it. Plagiarism refers to borrowing somebody’s idea 
without attribution and rephrasing it in their own words without giving proper 
citation [38, 39]. It is also defined as the theft of intellectual property. Textual 
plagiarism is one of the most common plagiarisms found in the scientific field. 
There are many ways of plagiarism, first and foremost is copying directly, copy-
ing ideas and passing it as their own, and also translation of some work which was 
reported previously in some other language. The incidence of plagiarism has 
increased in recent years and steps are being taken by academia to curb this prob-
lem. As the problem arises because of failure to cite the references, Journals rec-
ommend a particular style of citing them. There are many software which help in 
detecting it and the penalty for it varies from institution to institution. Universities 
like Stanford, Yale, U.C Berkeley, Massachusetts Institute of Technology (MIT), 
University of Cambridge, Oxford University, etc. have their own guidelines to 
handle plagiarism. It also extends to self-plagiarism where authors attempt to 
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publish at two or more different journals with the same data or publish the same 
results in different language journals. If a journal is having its own policy to curb 
plagiarism, it should be clearly stated in the author guidelines [40]. Predatory 
publishing is also on the rise and may promote plagiarism. The term “predatory” 
was first used by J. Beall, to refer to certain journals, which do not have a proper 
peer review process in place and maybe quick to publish articles in order to make 
money, by taking advantage of the open access publishing model [41]. Some of 
these journals have also been indexed in PubMed, hence, this carries a risk of cor-
rupting the quality of scientific literature, and may also promote plagiarism [42]. 
These were some examples of scientific misconduct that commonly occur in 
research. Ensuring Quality assurance at various steps of conducting research can 
prevent the conflicts generated at later stages.

8.4  Quality Assurance During Formulation 
of the Research Question

Data is considered of appropriate quality when it lacks an uncertainty and does not 
exceed the variability and uncertainty when it is considered as of inadequate quality 
[43]. Beginning from the inception of the research idea after rigorous literature 
search and further refining it with PI expertise, it is warranted to secure its integrity 
and possible conflict generation in the research field [44] During this initial stage of 
research idea genesis, it is likely that a researcher will go through an extensive lit-
erature search to explore the novelty of the research, innovation, and its translational 
implication for societal benefits along with its commercial benefits. Once a decision 
has been made regarding the novelty of the research question, it needs to be pro-
tected from any further duplication or false claim by another research group. To 
avoid it, the copyright for an idea can be attained on time by producing justifiable 
documents. It would also be useful to secure such research ideas to publish them 
online to further strengthen the research, and to avoid any future research conflict. 
Usually, to address a research question, funding is required and there are many 
funding agencies that support research, once a grant application is accepted [45]. 
However, the idea can be copied and two or more research groups can claim the idea 
as their own. It is also demanding to secure such research ideas to publish online to 
further strengthen to avoid any research conflict. Conclusively, the copyright of the 
grant can further support the credibility that the true claimants will be granted finan-
cial support from the funding organization.

8.5  Quality Assurance in Research Data Generation

Research needs a series of experiments and steps which must be followed to arrive 
at a proper conclusion. The research should strictly adhere to ethical standards. 
There are seven points to ensure that the clinical research is ethical, which are:
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 1. Research must lead to enhancement of knowledge or benefit one’s health.
 2. It should be valid scientifically.
 3. Participants’ selection should be unbiased and fair.
 4. Knowledge to society and benefits should overpower the risks.
 5. Review of the research should be done by unaffiliated individuals who may rec-

ommend to continue or terminate it.
 6. Informed consent should be taken from the subjects.
 7. Privacy and well-being of the researchers [46]

Before conducting research, it is mandatory to take ethical approval from the insti-
tute. The guidelines may vary from one institute to the other and there can be different 
committees like animal ethical, stem cell ethical, and ethical board for research on 
human subjects, which after a careful reviewing process provide the approval to the 
research study. Research also involves data collection and analysis of the data. Data is 
collected in both scientific and nonscientific studies. Surveying the population, admin-
istering questionnaires and performing experiments are ways by which data can be 
generated. Uniformity should be maintained for all types of data collection to avoid 
person-to-person variations. Master schedules help in the planning of activities and 
also in keeping a track of the experiments being performed in a lab. MS should be 
prepared carefully and should contain all the necessary information related to the 
study like the nature of the study, date of initiation of the study, current study status, 
sponsor identity, details of the study director, and the final report status. Master sched-
ules can still be modified for the suitability of the study [47]. Master schedules help in 
streamlining the activities. MS should be strictly followed and any deviation should 
be noted. Standard operating protocols are also required to prevent any deviance from 
the standard procedures. SOPs help in increasing the reproducibility of accumulated 
data. Maintenance and calibration of laboratory equipment [48] are also integrative 
parameters in the research domain to avoid the false generation of data. SOPs mainly 
help to perform the experiments in a planned and defined way. In the future, if a dis-
pute arises regarding the timeline and performance of an experiment, then records of 
SOPs, procedures and other entries can act as a protective shield to avoid false allega-
tions and worthless claiming. SOPs are documents that specify procedures that must 
be followed to assure the quality, credibility, and integrity of study data [49]. They 
also decrease person-to-person variations in the data, which can cause a conflict 
regarding the experimental outcome. Data Recording Sheets are equally beneficial to 
prevent any doubt regarding data collection and experiments. DRSs help in keeping 
data records of the experiments performed and mention the date of performing them 
(refer to Chap. 5). Appropriate steps need to be followed initially and during the whole 
process of data generation to avoid any conflicts. Data should be entered carefully in 
the electronic copies and validated from time to time. Maintaining log entries in log-
books for use of instruments, chemicals, and reagents act as evidence that the 
researcher has performed the experiments. It also helps in keeping a record of the 
material, which makes the process easier for future experimenters by providing the 
details about the usage (refer to Chap. 7). Similarly, log sheets for material purchased 
from the funding received should be maintained in labs. Log sheets might include log 
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sheets for chemicals, kits, molecular biology reagents, antibodies, plastic ware, etc. 
The logsheet format may or may not be like the one given below. It should have col-
umns for the name of the material, batch number, catalog number, date of receiving, 
expiry date, location, quantity date of opening the material followed by a log of its 
use—how much was used and how much was left, and name and signature of the 
person using it. Also, raw books can be maintained by students to keep a record of 
experiments. It should be numbered with layouts of the experiments and the date of 
performing them. A result folder can also help in keeping records and in preserving 
them if electronic data is lost. Xerox copies of thermal prints for instrument readings 
should be taken, as the ink fades away with time. In the case of a questionnaire-based 
study or a study that involves recruitment of the participants, informed consents 
should be filled properly and duly signed by the participant, researcher, principal 
investigator, and witness. It should have details of the risks and benefits of the work. 
Additionally, it should be clearly mentioned that the subject is participating volun-
tarily in the study. Participant information sheets should be given to the participants, 
and details of the study should be explained without concealing anything from them. 
It should be signed by the Principal Investigator and the researcher who recruits the 
participant. This can help in avoiding any kind of conflict which may point toward the 
wrong sample size and misleading data. This is also a proof that participants were 
informed well ahead of recruiting them in the study and that they have voluntarily 
participated in the study.

Consent of participants should be treated as of utmost importance to conduct the 
research ethically [50]. There are a variety of conflicts that arise in academics and 
research at various stages which are chiefly due to unethical practices, and not fol-
lowing good conduct during research. The case of Jesse Gelsinger is one such case 
where unethical practice led to the death of the participant. He was the first person 
to die during the clinical trial of Gene therapy. Despite the risks involved, the 
researchers did not disclose them and decided to carry on with the procedure which 
leads to this tragic incident. Later on, the university had to issue a rebuttal. There is 
no doubt that those participating in Medical research are participating for a noble 
cause and for the greater good of humanity. Hence, experiments should be con-
ducted ethically. Research malpractice is found in many Institutes, universities, and 
corporate settings. Compromising with the life of the research subjects should not 
be encouraged at any cost [51]. Also, misreporting the research data is highly unac-
ceptable. There are many instances in history where researchers/scientists adopt 
unfair means to tamper the data so it meets the standards of journals for publication. 
Later on, such publications are retracted and it often brings a bad reputation to the 
institute and the researchers.

Also, plagiarism should be kept in check and strictly avoided. This can be done 
with the help of anti-plagiarism websites like www.turnitin.com etc. Plagiarism can 
be of many types like:

• Verbatim—Using someone else’s words without acknowledging them
• Mosaic—Not copying exact words, but mixing own words with someone 

else’s ideas
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• Paraphrasing—Rephrasing someone else’s words or ideas without citing 
references

• Self-plagiarism—Publishing own prepublished data
• Cyber plagiarism—Copying and downloading research papers from the internet 

without citations
• Image plagiarism—Use of images and videos without acknowledging the 

source [52]

Many committees governing research and Journals have policies for anti- plagiarism. 
Examples include the University Grants Commission (UGC) guidelines and regula-
tions to avoid the menace of plagiarism in higher education (www.ugc.ac.in). If 
detected during the initial stages, it leads to rejection and after publishing, a retraction 
of the publication. It can also lead to serious consequences sometimes. Validation of 
data is another important step in quality assurance which must be done either by the 
internal or external validators. Validation from external expertise is mostly preferred, to 
secure additional transparency toward the absence of bias of the data and results. Once 
validation is done, the final step of ensuring quality must be followed [53].

8.6  Quality Assurance and Preventing Conflicts During 
Research Data Presentation

Data should be presented in the most intelligible form. Data is ultimately presented 
in the form of Publications and Patents [54]. Here, most conflicts arise due to dis-
crepancies between the authors and inventors. Discrepancies can be regarding own-
ership of the data, representation of the data and the contribution of each author/
inventor. To avoid such conflicts, manuscripts should be carefully written and pub-
lication agreement form should be filled simultaneously regarding authorship con-
tributions and should be signed by the contributors to avoid any conflicts (Fig. 8.1). 
There are guidelines given by International Committee of Medical Journal Editors 
(ICMJE) that must be fulfilled to become an author of a paper.

These are the four basic criteria:

 1. Contribution to design and concept of the work, acquisition analysis, and inter-
preting the data

 2. Drafting and critical revision of the work
 3. Final approval
 4. Agreement to the accountability of work regarding the integrity of the work [55]

Conflicts are also generated when the author making a major contribution is not 
named while publishing. Hence, the declaration of conflicts of interest becomes 
important. At a later stage, conflicts are generated at the time of peer review when 
the editor opines in a suspicious manner giving extremely positive reviews to be 
included in the research paper’s author list. This can be checked by transparency in 
the review process and blind reviewing which is usually done by many Journals.
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Fig. 8.1 Publication agreement form and inventorship form in a patent application must also be 
maintained and recorded in GLP compliance laboratory by QA officer with Study Director and PI
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Financial conflicts of interest also arise while conducting research. There are 
many such incidents where the investigators have fabricated the research data, 
where the investigators had considerable financial interests [56]. In the Journal 
Lancet, a study was published in 1998, which established a link between develop-
mental disorders in children and immunization with MMR vaccine which was later 
retracted in 2010, mentioning that “several elements are incorrect” [57] The anti-
vaccination movement in some countries was fueled by this research, where the 
author had undeclared financial conflicts of interest as he had received financial 
benefits from parents who had pressed charges against the vaccine manufacturer 
[58]. This example shows how fraudulent research can affect public health in gen-
eral, as many parents eventually became reluctant to get their children vaccinated. 
Hence, during a research study, financial interests should not be concealed. That is 
why it is in the journals’ policy to receive a statement where authors declare their 
conflicts if any.

8.7  Intellectual Property and Conflicts

The area of Intellectual property (IP) is most infested with conflicts and needs care-
ful consideration. Intellectual property is defined as the yield of human intellect. 
The most commonly recognized intellectual properties include copyrights, patents, 
trademarks, etc. Intellectual property rights (IPR) are defined as ideas, inventions, 
and expressions of creativity on the basis of which status of the IPR can be con-
ferred to it for a certain period of time. IPR confers exclusive rights to the creators 
of the said property so that they can gain commercial benefits from the invention. 
IPR protects the investment, money, time, and efforts of the inventor [59]. IPR is 
granted for patents, industrial designs, trademarks, and geographical indications. 
They need to satisfy certain conditions to qualify as IP, for example, a patent should 
satisfy the following conditions [60]:

• Novelty
• Industrial application
• Non-obviousness

Trademarks refer to any features of shape, pattern, configuration, or colors 
applied to a product. Trademarks may also refer to any mark name and logo. 
Trademarks are eligible for selling, buying, and licensing. Copyrights refer to 
ideas and can be applied to literary, music, drama, artist, cinematography work, 
audiotapes, and computer software. Geographical indicators help in identifying 
goods originating in a country or a territory where their origin is attributable. 
For example, India has Banaresi sarees, Italy has Parmesan as protected GI and 
a trademark [61]. In academics, copyrights and patents are more important. 
Patents are granted for a product or a process. According to the patent act of 
1970, it is granted for a period of 14 years for a product, but for a process related 
to a drug or food, it is granted for a period of 7 years. A patent can be considered 
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as a publication and also as a legal document. The procedure of filing for a pat-
ent includes filing a patent application before it is made available to the public, 
submitting the manuscript for publication and getting it published [62]. For 
economic benefits of companies, patents, and publications, it shows a reverse 
trend. There has been a decrease in the profitability of publications in the last 3 
decades. In the 1980s, the addition of one publication to the company’s stock 
increased its value by US$6,00,000. However, from 2000 to 2006 the market 
value of the company has fallen by US$500,000 for each publication. However, 
for patents, the reverse trend is observed for the company’s stock [63]. There 
has been a shift from publications to patents in large corporations as the knowl-
edge accredited to scientific research is less valued than technical knowledge 
(Patents).

The right to claim patents was given to universities in order to provide an 
incentive to the researchers to develop something resourceful from their work 
[64]. On one hand, a university or academic institution is expected to encourage 
research that aids in innovation and contributes to society’s economic and overall 
development. There have been efforts to promote this by considering patents and 
commercialization to be a factor for merit and career advancement in academic 
institutes [65]. However, on the downside, the academic community may have 
started focusing more on commercialization and profits as opposed to basic sci-
entific research [64]. Patents have to be claimed before the discoveries and 
research are revealed to the scientific community and the public, which may 
delay scientific progress, as a result. An increased incidence of conflicts is also a 
result of this. There has been a dispute regarding the patent claim of CRISPR 
genome editing system between two universities, the University of California 
and The Broad Institute of Harvard and MIT, and the companies who wish to 
develop a product out of it are not able to approach an academic institution for 
the same reason [64]. This, in turn, hampers the development of products that can 
benefit society.Patent infringements can have many repercussions as was in the 
case of Teva and Sun Pharmaceuticals against Protonix’s active ingredient panto-
prazole. The dispute originated when the above said companies launched the 
drug with pantoprazole as its active ingredient preempting the expiry date in 
2011. This led to around 60% decline in Pfizer’s sales. In 2010 Teva and Sun 
Pharma were ordered to take this drug down from the market. Their claim for the 
patent of the widely popular drug Protonix was also obviously rejected. Both the 
pharma companies were asked to settle the dispute by paying $1.6 billion and 
$550 million respectively to Pfizer [66]. Another patent infringement dispute was 
between Centocor and Abbot Laboratories (2009). It was alleged by Centocor 
that a drug called Humira marketed by Abbot Laboratories has done patent 
infringement. Their argument was that Humira resembled the Centocor drug 
called Remicade. A district court jury agreed to this and awarded Centocor com-
pensation. Although later, the decision was reversed on appeal by CAFC on the 
grounds that the language used for patenting was vague and did not meet the 
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requirements to be considered effective [66]. Steps that need to be followed when 
applying for a patent are:

• File the patent application with the government, for example, United States 
Patent and Trademark Office (USPTO)—and check whether it is novel.

• Take the assistance of an attorney to avoid any monetary and time loss.
• Ascertain which type of patent is required. For example—product, process, 

design etc.
• File a provisional patent application.
• Collect information for a final application consisting of a detailed description of 

the patent including abstract, background, details, and conclusion. It should also 
outline the scope of the patent.

• Review the application to prevent any rejections.
• Actively respond to the examiner assigned to your patent application [67].

Once the patent expires, it is no longer protected and would be available in the 
public domain. It can then be exploited, and which would not count as an infringe-
ment. Patents are territorial in nature and are applicable in the country where it was 
applied. The right to take action against those who infringe remains with the owner 
of the patent (Licensing of a patent) and is done according to TCs. The patent owner 
may give a third party right for selling, using, and making the patented invention in 
return for royalty payments. This is usually due to the absence of facilities for man-
ufacturing and reduction of the total cost. Currently, there is no universal system to 
grant patents. Hence, the patents cannot be universal [68]. But, if someone wants to 
apply patent which is applicable in different countries or worldwide, filing an inter-
national application under Patent Cooperation Treaty (PCT), administered by World 
Intellectual Property Organisation (WIPO) can be done. This can be a straightfor-
ward approach rather than filing in separate countries. However, to enhance the 
transparency and auditability of data, many agencies provide accreditation for qual-
ity assurance like the Quality Council of India (QCI). Getting an accreditation cer-
tificate from one of the constituent boards of QCI can also ensure quality. National 
Accreditation Board for Testing and Calibration Laboratories (NABL) provides 
accreditation to testing laboratories, calibration laboratories, medical laboratories, 
proficiency testing providers, and reference material providers. NABL is a signatory 
to ILAC arrangements as APAC Mutual Recognition Arrangements (MRA). 
International arrangements of such type help facilitate the acceptability of test 
results and help calibrate between countries to which MRA partners represent [69, 
70]. Hence, NABL or GLP accreditation (and following the procedure as per norms) 
and timely review by external expertise are required to enhance the authenticity, 
reproducibility, and transparency of the data. The process to get NABL accredita-
tion is outlined in Fig. 8.2.

The CAB must make all the pending payments to NABL. The accreditation is 
given for a period of 2 years. Annual surveillance is conducted by NABL after a 
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period of 1 year to check compliance with the requirements. Reassessment is done 
after 2 years. CAB is required to apply 6 months prior to the expiry of the accredita-
tion so that it can be continued [69].

Food and Drug Administration (FDA) is an agency of the United States 
Department of Health and Human Services. In addition to its health-promoting poli-
cies, it ensures the quality of a drug by an in-built system to scrutinize it at various 
stages for its safety and efficacy. Center for Drug Evaluation and Research (CDER) 
monitors this system. Drug companies who seek approval from FDA must test it 
first for safety and efficacy. Then the company sends data to CDER as evidence that 
the drug is safe and effective. A team of CDER physicians, pharmacologists, chem-
ists, statisticians, and other scientists review the data that the company provides. If 
the review is independent and unbiased, and benefits outweigh the risks, the drug is 
approved for marketing. The center itself does not test the drugs but conducts the 

Fig. 8.2 A process to get NABL accreditation of clinical laboratory. Periodic calibration and 
maintenance of records under the purview of QA is the primary foundation of the same
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research in areas of drug quality, safety, and effectiveness standard. The approval of 
any drug follows a structured framework [71]:

• Target and present treatments are analyzed.
• Risks and benefits from clinical data are assessed.
• Strategies for risk management are formulated.

A laboratory must comply with GLP to improve the reliability, back traceability, 
and credibility of the data. National GLP Compliance Monitoring authority estab-
lished by the Department of Science and Technology, Govt. of India provides GLP 
certification to Industries, test facilities, and laboratories dealing with Industrial 
chemicals, Pharmaceuticals (Human and Veterinary), Agrochemicals, Cosmetics 
Products, Food/Feed Additives, and Medical devices. India is a member of Mutual 
acceptance of data in the OECD working group, which makes data generated in 
nonclinical laboratory settings (health and safety studies complied to GLP) accept-
able in 36 OECD countries and six non-OECD countries adhering to MAD. The 
demand for GLP compliant laboratories is increasing, and to cater to this need 
NGCMA has 17 GLP inspectors from different government institutes, universities, 
and laboratories. Certification from GLP is voluntary in nature:

• Apply in the prescribed application form of NGCMA.
• Pre-inspection is done.
• Final inspection is done.
• The final decision report is sent to the chairman/GLP authority regarding GLP 

certification.
• GLP Certification is valid for 3 years and surveillance is conducted after 18 

months from the date of certification.
• Inspection for recertification is done during the 3rd year.

NGCMA also organizes workshops and training for sensitizing the research fra-
ternity for GLP [72]. The researchers should always pay utmost attention to research/
academics at every stage to maintain transparency and reproducibility of the data. 
Complying with GLP is one of the ways to ensure it [73]. Also, maintaining GLP 
with the help of QA personnel is important. QA officers can help in better manage-
ment in conducting research. This will not only help in increasing the liability of the 
research outcome but also help in smoothly conducting the research activities in an 
organized and integrative manner.

8.8  Role of Quality Assurance Officer in Ensuring Quality 
and Avoiding Conflicts in Academics

As discussed above, the huge responsibility of a QA officer is evident in all aspects of 
research activities, and it can help ensure and attain optimum quality, avoid bias 
toward the results, provide credit to the personnel for their contribution (in the form of 
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publication and owning inventorship in the patent application) in research practice. 
Following are some of the duties performed by the QA officer in a scientific laboratory.

8.8.1  At Experimental and Academic Levels

 1. Master schedules are usually submitted to a QA person who has the duty to see 
whether it has been followed.

 2. To issue the DRS timely to the researchers for smooth conduct of experiments as 
per the timeline. QA also has to ensure that the DRS is filled correctly and is 
verified by the study director, followed by submission to QA personnel. This will 
ensure the further maintenance of the records which are devoid of tampering of 
data recording and also to enhance the back traceability of the experiments, even 
in the absence of the researcher.

 3. To keep observatory records of calibration and maintenance of the laboratory 
instruments, so that experiments do not suffer and the results are reliable. QA 
can also direct the associated personnel to conduct timely calibration of an 
instrument by informing the study director.

 4. A GLP laboratory usually maintains logsheets of chemicals, reagents, and instru-
ments. A QA person can keep an observatory of records of their timely and 
proper completion. This further ensures quality in the research domain.

 5. To submit monthly reports to the study director regarding the use/disuse, expiry 
status of chemicals and reagents.

 6. To prepare a report on basic laboratory facilities, electricity and water supply and 
to submit it to the study director to take or instructions for further action, 
if needed.

Study-based inspection is also desirable from a QA officer to ensure whether the 
reported experiments (as per the MS of the respective researcher) are being per-
formed correctly and the record is being kept. At the end of the month, a QA report 
needs to be generated to make the researchers aware of the record of the work done 
and suggestions of the QA/PI for the betterment of research protocols in academics 
and also to get credit to the researchers.

8.8.2  To Secure the Inception of the Research Idea

It is a common practice in academic research to steal a research idea and to take 
credit for it. Hence, QA personnel can contribute by maintaining the records of 
the timeline of data generated by the researcher, and further conceptualization of 
the research question(s) based on the outcome of prior research. Proper docu-
mentation of experiments, publications (by maintaining publication agreement 
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form based on contribution), grant writing and their prior registration (if any), 
and getting the copyrights of an idea can promote and secure the research idea 
and prevent it from getting falsely claimed. In the case of a collaboration, ade-
quate documentation of the credit/sharing based on the amount of contribution 
must be done by the QA personnel before moving for international and national 
collaborations. Collaboration approval from the parent Institute along with con-
tribution-based credit must be well uttered and preserved as a record with QA 
personnel. Formulation and amendments in the research question must also be 
documented on time. The duties of QA personnel in a GLP laboratory are sum-
marized in Fig. 8.3.

Fig. 8.3 The duties of QA personnel in a GLP laboratory to ensure quality assurance concerning 
data generation and research
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Master schedule, DRS, and SOPs which are created and maintained merely to 
fulfill the regulatory requirements are monotonous and tiresome. If they are created 
and maintained casually, then it may lead to ineffective utilization of time and may 
burden the administration. Quality assurance should not just be considered as a 
choice but must be followed mandatorily in research to avoid any conflicts and 
maintained creatively. It not only improves the quality but also increases the reli-
ability of data. It ensures well-planned and reproducible research free from any 
conflicts.

The role of quality assurance in avoiding academic conflicts has been summa-
rized in Fig. 8.4.

8.9  Future Directions and Clinical Implications

QA in academics can play a crucial role to understand the risk, procedure, devia-
tions, and its immediate amendment in the clinical and research setup to improve 
the quality. QA’s risk assessment and fact-based remarks can provide the critical 
inputs to update and amend the established conventions, assumptions and enable 
us to prepare a framework to channelize the various procedures and activities in 
academics. Therefore, it is demanded to encourage the efforts of QA in academ-
ics and to publish those critical remarks and inputs in respective SOPs, procedure 

QUALITY ASSURANCE IN ACADEMICS

Inception of
research Idea

Copyright

Assessment and monitoring by QA personnel

Informed consents from participants

Log Books/Log sheets/Raw books

Following Standard operating
protocols

Recording experiment in data
recording sheets

Ethical Approval

Data
Generation

Data Presentation

Publications Patents

Publication / inventorship
agreement

Declaration of
conflicts

Transparent assessment of
grants

Fig. 8.4 The role of quality assurance in avoiding academic conflicts and ensuring reproducibil-
ity, reliability, back traceability, and prevention of academic misconduct
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in addition to any deviation. QA’s quality assessment in clinical research and 
nonclinical research can significantly improve the diagnostic efficacy and trans-
lation of research outcome but requires a new law that mandates GLP implemen-
tation mandatory for all research labs. Copyright conflicts, false claims, and 
fabrication of data which is imperative in active labs, can be dealt by QA in 
related clinical and research setup. This will also provide the substrate to chan-
nelize the various activities at the level of academics (collaboration, patent, or 
false allegation of recruitment procedure) and can enable us to provide the frame-
work to prepare SOPs, guidelines, and respective amendments at institutional, 
national, and international levels.

8.10  Conclusion

Quality assurance is required not only in manufacturing units and corporates but 
also in academics and research. QA helps to avoid any conflicts generated at various 
stages of research. There are many academic misconduct like fabrication of data, 
copying data, unethical research, obscuring information from the participants, 
ignoring ethical guidelines, plagiarism, non-reproducible research, financial and 
publishing disagreements, leading to academic conflicts. These are mainly due to a 
lack of proper documentation, like not following QA. Assurance of Quality at vari-
ous steps of research during the formulation of research question, during data gen-
eration, and data presentation in the form of patents and publications can prevent 
many of these conflicts. Documents like SOPs, DRSs help in increasing the repro-
ducibility of research. Validation of data and records, maintenance of log sheets, 
instrument logbooks and complying with ethical guidelines, anti-plagiarism poli-
cies, obtaining copyrights for ideas, grants, etc., providing participant information 
sheet to subjects, obtaining informed consents from subjects are equally important 
for ethical research. Publication agreement forms should be mandatorily filled 
before submission of a manuscript in the journal and all conflicts must be stated in 
a declaration statement. Following GLP which ensures the prevention of academic 
conflicts, whether accusations inspired by personal benefits or jealousy. GLP not 
only helps in defending against false accusations but also ensures quality in research, 
which can have greater applicability and can benefit mankind.
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ous aspects of QA responsibilities in academics.
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9Data Fraud and Essence of Data 
Verifiability

Parul Bali, L. V. Simhachalam Kutikuppala, Pramod Avti, 
and Bikash Medhi

9.1  History

Incidents of data misconduct and fraud have been periodic in the medical science 
and biomedical research field history. Sincerity, data integrity, and trustworthiness 
are the ground principles pertaining to any scientific research [1] toward the pro-
gression of science and the public perception of scientific results adhering to the 
basic principles is a must. Any deviation from the principles described above could 
be regarded as scientific fraud or misconduct [2].

The history of science and research is crammed with some unusual instances 
with proven or questionable misconduct in science [3]. A few giants in science have 
been found vulnerable to suspicion of ambiguous practices, including the great 
Isaac Newton, who is noted for falsifying a bit of data for making people admit 
much relatively toward his hypotheses [4]. Claudius Ptolemy, a mathematician, 
geographer, astronomer, and astrologer, wrote several scientific disquisitions sus-
pected of notifying the work concluded by others as his straight observations [5]. An 
esteemed scientist regarded as a founder of the modern science of genetics raises 
doubts about selective notification of some results and even data fabrication [6]. 
Among those mentioned and even furthermore such examples, there might be no 
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straightforward evidence of fraud generally, but just the statistical proof which 
remarks the perceived observations to be more misaligned to the actual expected 
theoretical values, whichever could be appropriate, with a probability of affecting 
the experimental actual data [7].

A researcher, who published a study notifying an association between “measles, 
mumps and rubella vaccination” with a syndrome comprising bowel disease and 
autism in 12 children on February 28, 1998, in the Lancet, after which no evidence 
of this link is established by many epidemiological studies [8]. Nevertheless, retrac-
tion of this study happened in the year 2010 after 12 long years, due to the claims 
against this study stating the children were attributed consecutively, mentioning that 
the investigations that were accepted by the local ethics committee were proven to 
be fabricated [9]. Thereby, this researcher’s unethical misconduct generated long- 
standing damage by diminishing the rates of vaccination and distrust in general 
among healthcare officials, which happened between 1998 and 2010 [10].

A Japanese anesthesiologist and researcher extensively published his clinical tri-
als by involving the agents which are used in the treatment of postoperative nausea 
and vomiting. In April 2000, attention was caught through an editorial letter to the 
Journal of Anaesthesia and Analgesia about the atypical results reported through his 
papers’ clinical trials [11]. Such results of the clinical trials were published over the 
next 12 years. He was penalized for the fabrication of most of his results in 2012, 
through a judicial statistical analysis of data published by him, which showed that 
the subjects in this study had not been randomly allocated to the different treatment 
groups as he claimed [12]. With around 190 retracted papers, he holds the current 
record for the world’s most retracted papers [13].

9.2  Types of Scientific Misconduct: Falsification, 
Fabrication, Plagiarism, and Deception

Scientific misconduct is defined as fabricating, falsifying, plagiarizing, or practicing 
any fraudulent methods that deviate seriously through the frequently acceptable 
practices within the scientific group to propose, conduct, or report research that 
does not comprise differences in interpreting or honest errors or data judgment [14].

Types of scientific misconduct [15]:

 1. Fabrication
 2. Falsification
 3. Plagiarism
 4. Deception

Falsification, Fabrication, and Plagiarism are the most frequent kinds of scien-
tific misconduct, among which the most frequent type of misconduct is Plagiarism. 
Such incidents of scientific misconduct are collectively called the “Unholy trinity of 
Scientific Writing” [16].
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Fabrication means inventing data or information, involving the creation of new 
documents of results or data. The most frequently fabricated scientific research 
records are informed consent forms and patient records [17].

For example, a researcher from Berkeley University who is a doctoral graduate 
with a political degree attempted the replication that gradually advanced to accusa-
tion and retraction of another scientist research paper from the Science journal. 
Another researcher is from UCLA, who is a political science doctoral graduate. 
With his supervising person, another researcher published a paper in “Science,” 
which found that long-term voters’ attitude influences gay marriage that can be 
identified through personal contact by gay canvassers. This researcher had also for-
warded a requisition to uSamp, the same surveying firm that another researcher used 
to collect the data for his study, and discovered that the other researcher has not at 
all worked together with uSamp. Furthermore, he fabricated the whole mailing 
communication with a representative of uSamp. Moreover, this another researcher 
had also made up the uSamp representative himself potentiating the data fabrication 
leading to scientific misconduct [18].

Falsification means altering the observed result or existing records of a scientific 
experiment, ranging from fabricating a bit of data to falsifying the entire experiment 
[19]. Falsification finally leads to omission or distortion of unwanted results or data. 
Detection of falsification could be challenging, and if identified the retrospective 
detection of scientific misconduct can even lead to the retraction of several years of 
published articles [20]. One common example of falsification can be deliberately 
intensifying sample size for increasing the reputation and credibility of the study for 
publishing quickly and easily without performing the actual study [21].

For example, “social psychology” Professor from “Tilburg University,” the 
Netherlands in 2010 holds disrepute for his work’s misconduct, indicating the study 
preparation and designs to be created in compliance with his ideas, without admin-
istering the questionnaires used for the study to the subjects. Furthermore, Stapel 
had also fabricated datasets of his own and shared them with his colleagues, intend-
ing for authorship on their papers. Later on, Stapel admitted his misconduct for 
falsifying the studies records and eventually was released from his position at 
Tilburg University [22].

Plagiarism refers to copying others’ work and then projecting the work as their 
own without proper indexing and citations. The term “plagiarism” comes from a 
Latin word, “plagiarius,” meaning kidnapper or hijacker [23]. From the World 
Association of Medical Editors’ strict definition, an article or paragraph is said to be 
plagiarized when 7–11 words overlap with a set of 30 letters or 6 consecutive words 
of a sentence are copied [24]. It is a bit difficult to detect plagiarism, which is haz-
ardous to the well-being of scientific compositions and literature. The availability of 
free or open access online journals and easy access to the internet could be chief 
sources of present-day plagiarism amongst the students, researchers, and faculty of 
every profession [25]. The knowledgeable reviewers suspect plagiarism through 
notable expertise and excellence in that specific field. Most of the editorial staff of 
Journals use electronic plagiarism checks (software) to detect plagiarism [26].
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The plagiarized words or sentences can be classified into (a) direct (partial/complete 
copy of files or text including video or audio recordings without properly acknowledging 
or recognizing the primary source); (b) self-plagiarism (copying or duplicating text of 
one’s own for their other portion of work); (c) mosaic (acquiring the opinions or ideas 
through actual sources, few phrases and words and improperly quoting those sources) [27].

For example, a person duplicates the other writer’s work for their purpose with 
no effort toward acknowledging the material. The similarity index is the degree of 
match or overlap between the author’s work compared to the other sources already 
existing, such as websites, research articles, and books that are available in the 
similarity checking tool databases.

Deception refers to deliberately concealing the conflict of inclusion or interests 
of some ambiguous sentences or statements purposefully within the research proto-
cols or proposals or any other documents related [21]. For example, suppose one of 
the authors of a research project submits their teamwork to a journal as a primary 
author without intimating to the coauthors due to some internal conflicts. In that 
case, this comes under deception through the concealment of conflicts of interest.

9.3  Types of Manipulation

The manipulation of data representation can be:

 1. Manipulation by temptation of image
Each image presented in a scientific article is a precise representation of what 

is observed actually from the results. Image quality has some implications 
depending on the care with which it was obtained and processed [28]. It has been 
assumed that the repetition of an experiment multiple times is required in order 
to obtain good quality and consistent image for representation [29]. The tempta-
tion of image manipulation may look self-convincing to perform, but if such type 
of misconduct is identified, it will deprive and puts the career and future of that 
person at stake and even of his/her colleagues [30].

For example, using a software-based manipulation tool to manipulate an 
image of research data by applying purposeful changes to those digital images 
such as double exposure, changing the brightness, etc., can be damaging.

 2. Manipulation of graphs
Graphs are the major constituents of the scientific language and literature due 

to their ability to condense and summarize large data sets. These graphs are a 
symbolic representation for displaying the experimental findings of science and 
research [31]. For example, the use of percentages as labels on a pie chart can be 
misleading to the readers when the sample size is small. Further, when the per-
centages are intentionally increased to show more impactful results, they consti-
tute manipulation of graphs.

 3. Manipulation of values
Manipulation of values refers to purposeful control over the data variables, 

commonly independent variables. The value of an independent variable that a 
study participant experiences can be manipulated by the researcher for a pur-
poseful outcome, which even helps to control the external variables [32].
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For example, when a person working on psychological stress research, manip-
ulating the participants’ stress levels intentionally to depict high impactful results 
is regarded as manipulating values.

9.4  Country-Wise Cases of Data Fraud

According to the latest literature, the article retractions from the Journals had 
increased by ten times in the last decade and the data fraud accounted for around 
60% of all those retractions. The retraction numbers increased exponentially in the 
current times due to the strict and improved editorial practices and encouragement 
to the editors by the journals to take the retractions seriously [33]. From the PubMed 
retractions data between 2008 and 2012, when authors belonging to more than 50 
countries were noted as having withdrawn papers. USA is the country to retract 
most papers followed by China to retract “most papers for plagiarism and duplicate 
publication.” Although the unethical publication procedures and practices can differ 
from one nation to the other, the duplicate publication and plagiarism rates were 
found to be the most in Finland and Italy [34].

During 1990–2019, a total of 18,603 retractions discovered from 4289 Journals are 
found to be associated with 753 publishers (or publishing organizations), and China 
ranked first amongst “top 15” countries, followed by the USA, India, Japan, and 
Germany [35].

The authors belonging to China, the USA, and India were found accountable for 
the highest number of retractions in plagiarism and duplicate publications. The global 
retraction rates differ from country to country, and foremost authors from low-income 
countries have a greater probability of retraction concerning plagiarism than the fore-
most authors from high-income countries. Looking into detail about duplicate publi-
cations and plagiarism it reflects poorly on the retraction and publishing practices of 
that country among multiple countries. Duplicate publications and plagiarism together 
account for approximately 35% of all the retractions. The incidence of fabricated pub-
lications is more common than plagiarism, resulting in more papers being withdrawn 
because of fabricated publication. Besides, many countries are having duplicate pub-
lication retractions than plagiarism retractions [36].

In general, the authors working in countries that have developed appropriate 
policies and offices to handle and enforce rules against scientific misconduct are 
likely to have fewer retractions. All the countries need to address the issues of pla-
giarism and duplication of publication in a regulated manner to ensure ethical 
research practices. Unethical behaviors among scientists manifest as a breach in 
publishing ethics and vary between different countries [37].

9.5  Misconduct in Clinical Trials

An increased incidence of misconduct in clinical trials is reported in recent years, 
and there is a chance of additional undetected or unreported cases. Probable fraud 
of data that is not recognized through routine on-site monitoring measures can be 
identified by adopting stringent clinical trial monitoring procedures, thereby 
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improving the overall data quality [38]. Few economic statistical central monitoring 
procedures must be made as part of the comprehensive data quality assurance pro-
grams for early detection of data fraud and other data-related problems and at a 
correctable point of time during the clinical trial [39].

Most of the Institutions categorize misconduct of research in the clinical trials as 
a terrible kind of misconduct due to wide-ranging implications and deleterious con-
sequences on the welfare of public and public perception and perspective [40]. Such 
scientific misconduct requires instant restorative measures. Misconduct in clinical 
trials is regarded as an offense in contrast to the good practices and ethical princi-
ples that are acceptable in the clinical and scientific environment. Procedures and 
strategies ensuring the data quality in the clinical trials, including the detection and 
treatment of data fraud are essential and critical to ensuring clinical research integ-
rity [41].

A UK-based scientist in pharmacy practice was condemned to 3-month impris-
onment against alteration of the preclinical trial data—procedures formulated in 
assistance of applications for performing the human trials. He worked on animal 
preclinical trials to assess the efficiency of recent treatment techniques alongside 
various bigger multinational drug companies, rather Aptuit has carried out the work. 
Eaton selectively reported fabricated data during his tenure at Aptuit to assess the 
working of analytical methods and the concentration of the drug in blood [42]. A 
General Practitioner from Downpatrick acted as Principal Investigator for an insom-
nia trial during 2007–2008 by Sanofi. He was jailed for falsifying drug trials in 2016 
for conducting the trial deliberately breaching the protocol and conditions of good 
clinical practices. He is also the UK’s first doctor for being condemned for falsify-
ing data deliberately under the regulations of Medicines for Human Use (Clinical 
Trials) 2004 [43].

9.6  Importance of Data Integrity

Data integrity is an ethical and professional obligation that aims to provide defini-
tive results toward the healthcare system and the governing authorities. This includes 
validation, accuracy, consistency, and quality of the data involved [44]. Data integ-
rity is the cornerstone of scientific research, which showcases the research process 
commitment and trustworthiness [45]. Members of a scientific community need to 
function together, as a team, ensuring better research findings and exchange of 
research information to innovate and flourish, upholding professional and personal 
responsibility, acknowledging and respecting the intellectual contributions by the 
other members of the community [46].

Even if it is not digital, all the research data can be predisposed to misrepresenta-
tion and error. The electronic technologies and advancements can bring in some 
sources of technical error toward the communication, storage systems, or data anal-
ysis, making problematic data very difficult to separate from irrelevant information, 
due to which the methods of research cannot be strongly enacted, and even the 
asked questions may not be adequately explained [47]. Moreover, the researchers 
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can get few benefits for structuring gathering data or research to favor a certain 
outcome, in cases such as the studies related to drugs funded by the pharmaceutical 
companies that nestle to profit across specific results. The researchers could have 
some “philosophical, political, or religious convictions” that can influence their 
work, which can also include the methods to gather and analyze data. Due to numer-
ous data departure methods across the actualities, every individual included in the 
data collection, preservation, analysis, and dissemination has a discrete responsibil-
ity for safeguarding the integrity of the data [48].

Clinical trials that are conducted by the Contract Research Organizations (CRO) 
complete up to 30% more rapidly than those trials managed internally by the pharma 
companies. This helps in cost saving to a major extent, better utilization of clinical 
trials, and likely toward a faster market launch. With on-site monitoring, the overall 
cost of clinical trials can be compromised up to 25–30%, as monitoring is com-
monly the costliest facet of clinical trials. Risk-based monitoring, which has 
emerged over the last decade, is being encouraged by the regulatory authorities to 
reduce the monitoring expense [49].

Measures for ensuring data integrity are crucial to maintaining the research data 
in the long-term, including persistent questioning, in what way various organiza-
tions ensure the large datasets are to be stored in a relevant manner, indexed and 
referenced for future. Also, funding for effective data management should be made 
available to achieve long-term assessment and data conversation. Therefore, scien-
tists and funding organizations or agencies should work on developing tools to man-
age the metadata, which could help the researchers annotate it and create required 
software. All these would help track individual pieces of data, which plays a major 
role for data-processing professionals to attain their scientific enterprise and be well 
recognized. Therefore, better education, training practices for the scientists pertain-
ing to the data stewardship issues are essential. Training described above practices 
should include better analytics of data preservation and storage, organization, its 
annotation, and appreciation of the bioinformatic tools that are currently avail-
able [50].

9.7  How to Identify Research Misconduct?

The “Office of Research Integrity (ORI)” under the “Department of Health and 
Human Services” is the organization authorized to promote and foster research 
morale and integrity within “U.S. Public Health Service.” It supervises the iden-
tification and inquiry of allegations related to research misconduct and finally 
makes resolutions on research misconduct findings accordingly. ORI also pro-
vides technical assistance if required to any of the Institutions which are 
responding to research misconduct allegations through its Rapid Response 
Technical Assistance Program. A finding of research misconduct under the fed-
eral policy requires whether the misconduct be committed knowingly or inten-
tionally or recklessly; a notable departure from the applicable research 
community’s acquired practices happened, and the allegation of research 
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misconduct is proven by a superiority of evidence. All of these three elements 
should be presented for a finding of research misconduct through a full-fledged 
investigation [51].

9.7.1  Software for Data Verifiability

Plagiarism softwares are the critical components in ensuring a scientific research 
work’s quality and data verifiability. Plagiarism detection softwares enable the 
research personnel to systematically detect and prevent plagiarism, which can 
reduce the incidence of research misconduct to some extent. This software assesses 
the similarity of content in the papers with published literature and other informa-
tion types, comparing the author’s text against the citations and abstracts in 
“PubMed/MEDLINE” with millions of Journal publications, books, and chapters 
from the leading publishers which may include “Elsevier, Lippincott, Sage, Springer, 
Ovid and Wiley Blackwell,” and many others including conference proceedings and 
varied databases such as “EBSCOHost, Gale InfoTrac, and ProQuest.” Additionally, 
the software detecting plagiarism also searches the internet for any similar content. 
A leading software program, ‘iThenticate,’ has its own web crawler that indexes 
more than “10 million web pages daily” (iThenticate, 2018). All types of docu-
ments, whether it is a manuscript, written assignment for courses, grants, theses and 
dissertations, other scholarly projects, or other types of reports, can be checked with 
the plagiarism detection software. “Turnitin,” a leading product designed to check 
the originality of student research papers, was particularly made for classroom use 
and student work review. It can also be incorporated with the other learning man-
agement systems for students to review their papers before submitting them and 
teachers then to assess those papers during review [52].

9.7.2  Internal Audits (Preclinical and Clinical Research)

Internal audit is defined as an independent and systematic evaluation of the activi-
ties and documents related to trial in determining the conduct of trial-related activi-
ties evaluation, and the data records, analysis, and accuracy notified in accordance 
to the protocol, sponsor’s Standard Operating Procedures (SOPs), practices and the 
regulatory requirements applicable. Auditing is a quality assurance function, evalu-
ating the research work’s compliance to recognize the standards, i.e., “International 
Council on Harmonization, FDA’s Code of Federal Regulations, International 
Standards Organization and Standard Operating Procedures” [53].

9.7.3  Electronic Health Record (EHR)

Electronic health records (EHR) are being implemented successfully, where there 
has been a steeper advance in secondary HER use, particularly for research. EHR is 
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being redesigned gradually to facilitate future research, and the major barriers 
toward EHR are adoption costs, acquisition, and maintenance. They provide oppor-
tunities for enhancing patient care, embedding the measures of performance in 
clinical practice, and improving the recognition and enrolment of patients and 
healthcare providers who are eligible for clinical research. EHRs on a larger scale 
can aid in the assessment of the new therapies or innovations in the healthcare deliv-
ery that can follow the enhanced outcomes or healthcare savings. EHRs can be 
potentially used in assessing study feasibility, streamline data collection, facilitate 
patient recruitment, conduct EHR-based observational solely, or comparative effec-
tiveness studies or post-marketing randomized registry studies. The sustainability of 
using EHRs toward the clinical trials registration is directly dependent on the regu-
lative acceptance of the practices and approach [54].

9.8  How to Prevent Data Misconduct?

Certain guidelines and measures should be adopted and adhered to prevent 
data misconduct as outlined below.

9.8.1  Guidelines and Measures at the Preclinical Level

9.8.1.1  Universal Code of Ethics for Scientists
The scientists’ universal code of ethics is a public declaration of the responsibilities 
and values to be practiced by scientists. For instance, the universal ethical code of 
the UK has three main aims: (1) Encouraging ethical research, (2) facilitating scien-
tists to think about the impacts and implications of their work, and (3) assisting the 
communication between the public and scientists on some of the challenging and 
complicated issues. Since this code is optional, the Institutions or scientists are 
instead encouraged to understand and think about how these guidelines can be 
related to their work [55].

The basic universal code of ethics is the bedrock of science’s integrity and cred-
ibility, which are referred to as the representatives of all scientific disciplines. 
Compliance with these principles and values is required by all the scientists and 
Institutions where the scientific research is being conducted.

A few of the core principles of this Universal ethical code include:

 1. Diligence—to present the objectives of conducting and intending research, pre-
senting the research methods and procedures, interpreting the findings, infor-
mation disclosure about possible threats, and potential applications and 
advantages anticipated in an intentional manner.

 2. Impartiality—in the approach of the presenting or problem and in sharing the 
scientific basis and knowledge with the other people.

 3. Courage—to challenge the views that contradict the scientific practices and 
knowledge that breach the fundamentals of scientific authenticity.
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 4. Objectivity—to solely interpret and conclude depending on the facts that have 
acceptable data and reasoning which can be subjected to verification, if required.

 5. Trustworthiness—to conduct and present research, a condemning approach to 
the results, apprehension with details and diligence to collect, record, and store 
the data.

 6. Resistance—toward any attempts that can exert external influence on the 
research conducted

 7. Openness—Regarding the researcher’s own scientific work during the discus-
sions or meetings with the fellow scientists, which contributes to the develop-
ment of knowledge by research findings publication and knowledge sharing 
with the community.

 8. Transparency—during the collection, the analysis, and the data interpretation, 
is decided by the empirical data storage properly and available through the 
publications.

 9. Concern—for the future generation of scientists that can be demonstrated by 
instructing the good ethical standards and norms to the students and the other 
subordinates involved

 10. Responsibility—with regard to the participants (subjects) involved in research 
and the objects that include the cultural and environmental property.

 11. Reliability—to acknowledge the fellow researchers’ scientific achievements 
by providing adequate referencing to the sources and trustworthy recognition of 
the other scientist’s contributions.

The universities, institutes, or other entities involved in research must be obliged to 
ensure that the employees of their respective organizations comply with the basic 
principles and ethics. Those Institutions are also expected to introduce and apply the 
explicit principles of good scientific practices and promote sensitivity toward ethical 
issues among their organizations [56]. Most of the countries have their own clinical 
research regulating authorities, e.g., Food and Drug Administration (FDA) for the 
United States Health Science Authority (HSA) for Singapore, Central Drug Standards 
Control Organization (CDSCO) for India, State Food and Drug Administration 
(SFDA), and Medicines and Healthcare Regulatory Agency (MHRA), etc.

9.8.1.2  Regulations and Measures to Prevent Data Misconduct
The role of Institutional Review Boards (IRBs) or Institutional Ethical Committees 
(IECs) should be strengthened to safeguard the interests of persons participating or 
conducting research [57]. There should be some internal regulatory and review pro-
cedures to monitor the ongoing studies’ ethically acceptable and quality control 
characteristics. The regulations that are already in existence must be streamlined 
and made much efficient, ensuring that all the organizations or institutes, whoever 
associated with clinical research, should have clear policies and procedures for 
operating and approaching misconduct and fraud in research [58].

The division of roles for dealing with research misconduct allegations differs 
from one country to the other. The three generic ways for handling the misconduct 
cases, in general, are:
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 1. Ad-hoc committees—Generally consist of distinguished individuals, estab-
lished for dealing with specific cases, preferably under the patronage of ethics 
committees that are already existing as university-based. The major advantage of 
this approach is the ready existence of ethics committees at various Institutions, 
as they are chiefly associated with life sciences and handling matters related to 
human experimental patients and subjects. It is difficult to ascertain if these com-
mittees can address all the research misconduct cases while these are very vital 
and essential. Extension of ethics committee directives to handle research mis-
conduct cases must be seconded by cautious analysis and alterations of already 
existing procedures and rules if required.

 2. Standing committees—Constitutes of entities or units (officers, committees, or 
offices) and procedures corresponding, at the institution level (e.g., bigger labo-
ratory/university) where the misconduct happens in research Institutions. These 
standing committees can be answerable for accepting allegations, undertaking 
them (including conduct and necessary investigations), and proposing the out-
comes. These entities are generally not autonomous, and there is an interaction 
measure with government-regulated central national bodies or authorities.

 3. “One or more dedicated committee(s)”—Selected by the countries where the 
scientific communities in their regions are small, as it could be difficult for estab-
lishing impartial scientist committees, free of conflicts of interest personally at 
the national level. In such instances, to represent a greater spectrum of applicable 
expertise, “members of the permanent national committees” can be selected [59].

9.8.1.3  Audit of Data Values
Audit of data compares the contents of the study database to a local document source 
and noting the irregularities and disparities in the discrete data elements. The available 
document source could be the clinical records on paper, i.e., medical, pharmacy 
records, and electronic laboratory reports. Audit findings are expected to be docu-
mented on a well-structured audit form paper and entered into the Excel spreadsheets 
for further analysis. The audit variables could include those that are most relevant to 
the suggested consortium studies, for example, patient demographic data, risk factors, 
anthropometric measurements, etc., and all dates associated with each measurement. 
Audit of data functions as a beneficial control measure for data quality to the data 
coordinating center (DCC) as well as the participating sites, which allows the DCC for 
identifying and resolving the weaknesses in the data submitted, thereby preventing 
incorrect data from affecting the results of the study [60].

9.8.1.4  Good Laboratory Practices for Data Integrity
The Department of the Interior (DOI), USA defines Scientific integrity as the state 
or condition that applies to a person who adheres to the appropriate scientific com-
munity’s acceptable standards, practices, and professional values [61]. Adhering to 
the acceptable standards is suggestive of ensuring clarity, fairness, utility, and 
authenticity of scholastic and scientific assessments that help in preventing scien-
tific misconduct, licensing, outside interference, and adequate assurance of infor-
mation and procedural security [62].
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GLP was first introduced in the year 1972 in Denmark and New Zealand, and 
subsequently within the USA during the year 1978 after the scandal of Industrial 
BioTest Labs, which was then succeeded by the “Organization for Economic 
Co-operation and Development (OECD) Principles of GLP” in the year 1992—set-
ting up OECD aided in propagating GLP to a large number of countries. Good 
Laboratory Practices (GLPs) are the formal regulations designed by the “U.S Food 
and Drug Administration (FDA)” in the year 1978. An “Expert Group on GLP” set 
up during 1978 built the first “Organisation for Economic Co-operation and 
Development (OECD) Principles of Good Laboratory Practice” for a special pro-
gram on controlling the use of chemicals [63]. The GLP regulations put together by 
the US FDA in the year 1976 were undertaken as “international standards” toward 
the nonclinical laboratory-based studies that are published. Eventually, other coun-
tries too started making GLP regulations in their home countries after the USA [64].

Good Laboratory Practices are defined as the principles that provide a frame-
work for planning, performing, recording, monitoring, reporting, and archiving 
laboratory studies. They offer a set of guidelines that govern the organization, pro-
cedures, processes, and conditions under which laboratory studies are conducted 
and executed, providing an assurance to the regulatory authorities regarding the data 
submitted, which will be an accurate reflection of the study results [65].

The Good Laboratory Practices (GLP) are centered around four major principles 
required for achieving good quality data. These also serve as essential functions in 
accordance to perform and monitor the safety studies. They include:

 1. Management—has the overall responsibility to implement good organization 
and science within the Institutions

 2. Quality Assurance—for assuring the management regarding personnel, facili-
ties, records and practices are strict as per the regulations for maintaining the 
blueprints of the studies, inspecting every nonclinical study at regular time-
frames to make sure about the compliance and reporting the results to manage-
ment and the study director for reviewing the report finally.

 3. Study Director—as a unique source of control for the study who must assure 
that the study protocol is acceptable and followed up accordingly, making sure 
that entire experimental data is adequately recorded and good GLPs are properly 
followed, and all the raw data, protocols, documentation, final reports, and speci-
mens are registered effectively.

 4. The National Compliance Monitoring Authority—an established body within 
a member country that should be responsible for keeping track of the good 
 laboratory practice receptivity amongst the test facilities of its various areas and 
discharging other similar purposes associated with good laboratory practices 
determined nationwide [66].

The major concerns of GLPs for effective implementation are:

Data Records System (DRS) The raw electronic information providing the prob-
ability of conducting a complete audit trail can show modifications to the data with-
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out concealing the actual data. Associating all data changes by making those changes 
to the persons through timed and dated (electronic) signatures is required, and reten-
tion of the long-term data could be tough if the software and hardware associated 
with the data are quickly changing. The procedures should be documented well, and 
the verification of its integrity must be done, wherever the system obsoleteness 
poses a requirement for transferring the raw electronic data between the two differ-
ent systems. The raw data should be transferred to the other medium where the 
migration is not practical, which is subsequently verified as an exact copy earlier to 
demolition the original electronic records, if any [67].

‘Standard Operating Procedures (SOPs)’ SOPs are the “written procedures” 
that are designed for a laboratory program, which are the “approved protocols” 
indicating the objectives and methods of a test/study. SOPs are intended toward 
ensuring the integrity and quality of data that is produced by the test facility. SOPs 
define the ways for carrying out activities specific to the protocols and are fre-
quently written as a sequential listing of the action moves. They also explain the 
process and procedures for better working principles like calibration, maintenance, 
general inspection, and testing, actions that need to be taken in cases of failure of 
equipment, defining the raw data, reporting, keeping the records, data recovery, 
and storage. Every other test facility area or unit is recommended to possess one 
currently available manual of Standard Operating Procedures at least that is rele-
vant to the activities which are being conducted therein to assure good clinical 
practices. Some special Standard Operating Procedures (SOPs) are laid down for 
the preparation, approval, and control of Standard Operating Procedures (SOPs), 
together called SOPs of SOPs. These SOPs of SOPs are applicable to prepare and 
implement all Standard Operating Procedures. Controlled Documents in SOPs 
constitute copies of mastered documents, distributed in the respective departments, 
which are stamped as Controlled Copy in Green Colour at the bottom right corner 
on each page. Uncontrolled documents are distributed to regulatory agencies, cus-
tomers, or other persons if required, stamped in red ink made from master copies/
control copies of filled documents [68].

Peer Review Reviewing the study-specified or non-study-specific data will sup-
port recognizing the corresponding findings, which assist in interpreting and influ-
encing the earlier identified microscopic findings [69].

Equipment The equipment that includes the certified computerized systems used 
for the “generation, storage, data recovery, and controlling the environmental fac-
tors” that are relevant and appropriate to the study must be located suitable and must 
be designed appropriately with an adequate capacity [70].

Records of Chemicals Used Chemicals or reagents of the lab should be labeled 
properly and appropriately to indicate the compound’s identity source concentration 
and stability. A user must make an entry whenever he/she uses it in a specific 
log sheet.
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It should also include the date of preparation, specific storage instructions, and 
the earliest expiration date [70]. The specific amount used/spent on chemicals 
should be entered as well as the remaining balance along with the user signature 
with date. This activity would help maintain the chemical usage record, which is 
essential for the tracking of the experiments as well as accountability of the chemi-
cals to avoid deficits in usage and unnecessary purchase. Quality assurance person-
nel must ensure this practice and proper compliance by the users on a monthly or 
quarterly basis.

GLP always aims to reduce the mistake occurrences via extensive and more spe-
cific labeling prerequisites. As the principles of Good Laboratory Practice (GLP) 
are developed to promote the validity and quality of test data can be applied for 
determining the chemicals and the other chemical product’s safety. These GLPs also 
protect the researcher from unfounded allegations that could even benefit the insti-
tution or the laboratory. The Food and Drug Administration (FDA) is the organiza-
tion for validation of the study to report the reflections of conduct of the study 
accurately, while the GLP regulations, that are framed to promulgate the standards 
of the laboratory. Eventually, every study is generally compared to the FDA’s expec-
tations that progress over time within the regulatory framework. The Quality control 
and the GLP rules are the process that all the laboratories try to opt for, which is the 
way forward for the “evidence-based laboratory results” based on trustworthy pro-
cedure [71].

9.8.1.5  Preclinical Guidelines (OECDs)
“Organisation for Economic Co-operation and Development (OECD)” is an interna-
tionally reputed agency working for framing better policies toward the better and finer 
lives. Their objective is to outline the policies fostering “prosperity, opportunity, 
equality, and wellbeing for all.” OECD works “together with the governments, policy-
makers, and citizens to establish evidence-based international standards and find solu-
tions that range around social, economic, and environmental challenges.” The OECD 
dispenses a distinctive knowledge and forum hub toward analyzing data, experiencing 
exchange, sharing best practices, and guiding international standard- setting and pub-
lic policies. Mutual Acceptance of Data (MAD) system, a multilateral agreement 
developed by the OECD, allows countries to participate in public policies and include 
non-members for sharing their results of various nonclinical investigations done on 
the chemicals using OECD methods and principles [72].

9.8.1.6  Checklist for Preclinical Studies for Data Verifiability
Data verifiability and irreproducibility of preclinical scientific research are the core 
principles for ensuring the quality and transparency of research and reporting. 
Hence, it is suggested for the authors to complete a checklist at the time of the 
manuscript submission. Data auditing within the preclinical settings and studies is 
the essential strategy that is extensively used as a significant way forward in identi-
fying errors, monitoring operations of the study, and ensuring superior-quality data. 
The reliability of quality data assessment can be undermined due to the absence of 
a precise definition of data quality and error measuring methods [73].
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9.8.1.7  Journal Policies
Committee on Publication Ethics (COPE) is a global organization committed to 
aiding and training the publishers, editors, and the personnel engaged in maintain-
ing the publication ethics with the aim of passing on the publishing culture where 
ethical procedures and practices turn out to be a normal routine. The approach of 
COPE is firmly along the direction of influence by educating, providing resources 
and support to the members, along with the professional debate strengthening the 
wider community. The journal’s policies are framed to maintain the research integ-
rity and the quality published in their journals. This holds the responsibility for the 
authenticity of scientific observations or findings, precision of statements of fact, 
scientific expression or other opinions, and any other published material in the jour-
nal lies solely with the article author(s). The journal policies are classified as (1). 
Editorial and Publishing policies, and (2). Peer-review policies. Editorial and pub-
lishing policies are related to submitting the manuscript, transferring the manuscript 
rights from the authors to the journal, responsibilities of the author, and data integ-
rity maintenance. Peer reviewing policies mainly run around the manuscript’s peer 
review process from the initial submission to the final decision on the document. 
These policies are laid to showcase the quality and transparency of the journal and 
its procedures [74].

9.8.1.8  Publication Ethics
Scientific research includes a lot of coordinated steps and processes, including the 
appropriate study design and execution, data collection, processing and analysis, 
and finally the publication. Every researcher should be aware of the ethical code of 
conduct that binds them and regulates them. Good ethical standards for the publica-
tion of research work exist to ensure superior-quality scientific publications and 
trust among the public in the scientific findings. The people who conducted the 
research receive credit for their ideas. An international publisher and editor’s forum 
of peer-reviewed journals, the Committee on Publication Ethics (COPE) provides 
the “best practice guidelines” and “code of conduct,” which defines the publication 
ethics and advises editors regarding the handling cases of research and publication 
misconduct. The authors should be aware of publication ethics that can help them 
consciously avoid scientific misconduct and perform honest and acceptable ethical 
research [75].

9.8.1.9  Authorship Consent Form
The authors of a manuscript transfers the rights to the publishing company or agency 
by giving their consent through a form called an Authorship consent form. This also 
includes the publication rights of nonexclusive, and the authors must assure about 
the originality of their contribution. All the authors sign the consent form as an 
acceptance of the responsibility to release the material on behalf of them and publi-
cation rights transfer covering the nonexclusive part of the rights for reproducing 
alongside the research article distribution. The protocols and scientific manuscripts 
must be seconded by a completed author consent form or cover letter during sub-
mission, that include the details such as:
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 1. A complete affirmation to the editor or relevant authoritative person regarding all 
the submissions and previous reports, if any.

 2. An affirmation on authorship, which can require a letter of submission including 
a statement about the manuscript, was read and accepted by each author of the 
article, making sure all the requirements for authorship are clearly understood.

 3. An affirmation pertaining to financial or other activities and associations that can 
direct toward a conflict of interest, when such details are not mentioned within 
the manuscript or in an authors’ form.

 4. The author’s contact information serves as an interface with the other authors 
regarding final approval or revision of the proofs when that particular informa-
tion is not included in the manuscript.

The author consent form must also notify the journal editors if there are any 
concerns or issues raised or put up (e.g., the Institutional regulatory bodies) con-
cerning the research conduct or any action required [76].

9.8.2  Guidelines and Measures at the Clinical Level

9.8.2.1  Clinical Guidelines: ICH
The “International Council for Harmonisation (ICH) of technical requirements for 
pharmaceuticals for human use (ICH)” is a global organization, which is unique at 
its work to bring the regulatory authorities and pharmaceutical industries together 
for discussing the technical and scientific aspects of registering a drug. It was set up 
in the year 1990, had its evolution progressively in response to the growing global 
overlook of drug development. Its goal is to attain harmonization to more consider-
able extent globally for ensuring effective, safe, and superior-quality medicines 
being registered and developed in a much resourceful manner. The ICH Guidelines 
development attains this harmonization through a scientific consensus process with 
industry and regulatory experts working alongside.

The topics recognized for “harmonization” by the “ICH Steering Committee” 
are picked out from the quality, safety, multidisciplinary, and efficacy affairs. 
Quality topics include pharmaceutical and chemical quality assurance (Impurity 
Testing, Stability Testing, etc.). Effectiveness topics include those associated with 
the human subject clinical studies (Good Clinical Practices, Dose-Response 
Studies, etc). Topics of safety include those related to “in vivo and in vitro pre-
clinical studies (Genotoxicity Testing, Carcinogenicity Testing,” etc. 
Interdisciplinary areas or topics include e cross-cutting topics that do not fit indi-
vidually into any of the above categories.

The ICH guidelines are classified as follows:

Carcinogenicity studies (S1A-S1C):

S1A Guidelines on the need for pharmaceuticals’ carcinogenicity studies, 
guiding studies pertaining to carcinogenicity performed for any phar-
maceutical industry.
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S1B Testing for pharmaceutical carcinogenicity, providing instructions 
regarding the need to carry out carcinogenicity studies on both rats 
and mice.

S1C(R2) Dose selection for pharmaceutical carcinogenicity studies, addressing 
criteria for selecting high dose to be used in carcinogenicity studies

S2—Genotoxicity:

S2(R1) Guidance on Genotoxicity testing and interpretation of data for the phar-
maceuticals intended for human use

S2B A standard battery for Genotoxicity testing for pharmaceuticals, address-
ing two fundamental areas pertaining to genotoxicity testing: identifica-
tion and registration of a standard set of assays

S3A-S3B toxicokinetics and pharmacokinetics:

S3A Guidance on Toxicokinetics: systemic exposure assessment in the toxicity 
studies, giving instructions on developing test strategies in toxicokinetics

S3B Pharmacokinetics: Guidance for repeated dose tissue distribution studies
S4 Chronic toxicity duration testing in animals, rodent and non-rodent toxicity testing
S5 Toxicity detection toward reproduction for medicinal products and toxicity 

to male fertility
S6 Evaluating the preclinical safety of biotechnology-derived pharmaceuticals, 

where the preclinical safety evaluation of primary goals is to identify the 
initial safe and subsequent dose in humans and potential target organs for 
toxicity and for the study of whether such toxicity is reversible and safety 
parameters for clinical monitoring.

S7A Safety pharmacological studies for human pharmaceuticals, generated 
toward protecting participants and patients of clinical trials who receive 
marketed products from the pharmaceutical’s potential adverse effects.

S7B Nonclinical evaluation of the potential by human pharmaceuticals for the 
delayed ventricular repolarization (Q.T. interval prolongation)

S8 Immunotoxicity Studies for Human Pharmaceuticals, addressing the regula-
tions and recommendations on immunosuppressant nonclinical testing.

S9 Anticancer Pharmaceuticals nonclinical evaluation, providing information 
for pharmaceuticals that are intended only to treat cancer in patients with 
advanced disease or later stage regardless of the administration route

S10 Photo safety evaluation of pharmaceuticals, addresses clinical formulation 
excipients for photodynamic therapy products and dermal applications.

S11 For safety nonclinical testing in support of pediatric medicines development 
recommend standards for the circumstances under which nonclinical juve-
nile testing of animals is considered informing

The ICH M3 (R2) guideline states that “conduct of any study related to juvenile 
animal toxicity must be taken into consideration when human safety and animal 
data are considered to be sufficient enough for supporting the pediatric studies” [77].
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9.8.2.2  Clinical Trial Registry
Clinical Trials Registry by the government is the biggest registry, accepting trials 
from all over the world, taking steps to detect and avoid probable duplicates when-
ever identified, keeping only a single version of the trial data active. The clinical 
trial registration occurs prospectively, which is a scientific and ethical imperative 
phenomenon whose critical goal is to recognize all the ongoing or already con-
ducted trials appropriate to a given topic. Duplicates of a trial can occur through 
purposeful or intentional registration of the trial by a person belonging to that trial 
or uncoordinated enrollment of trial by different people of the same trial. World 
Health Organization (WHO), through its Mexico statement, addressed the problem 
of duplicate trial registration, after which it called for “unambiguous identification” 
of every trial, directed toward the formation of the “International Clinical Trials 
Registry Platform (ICTRP)” by the WHO. WHO had also created the Universal 
Trial Number (UTN) scheme to facilitate the explicit recognition of trials by allot-
ment of a distinctive number to that trial related to the trial for its lifetime. An 
explicit identification of trials essential to prevent double or triple counting of the 
evidence in systematic reviews and meta-analyses and ensure all the registry records 
that describe each relevant trial could be identified and retrieved. Hence, the explicit 
recognition of any trial is a major step to enhance systematic reviews’ efficiency and 
effectiveness using information technology [78].

9.8.2.3  Checklist for Clinical Studies for Data Verifiability
Data verifiability and irreproducibility of clinical scientific research are the core 
principles for ensuring the quality and transparency of research and reporting. 
Hence, it is suggested for the authors to complete a checklist at the time of the 
manuscript submission. Data auditing within clinical settings and studies is the 
essential strategy that is extensively used as a major strategy in identifying errors, 
monitoring operations of the study, and ensuring superior-quality data. Nevertheless, 
the guidelines for clinical trials are not specific to the suggested frequency, nature, 
and timing of the data audits. The reliability of quality data assessment can be 
undermined due to the absence of a precise definition of data quality and error mea-
suring methods [73].

9.9  Penalty for Data Fraud or Misconduct

The research institutions or organizations can penalize the researchers, those who 
are fond of having committed scientific misconduct, through requiring supervision 
of future research activities or terminating their employment depending on the act. 
The grantee of a research project should evaluate the impact of the research out-
come on that person’s ability to continue their work on that research project when 
the grantee institution or agency finds that person guilty of misconduct in research. 
“Office of Research Integrity (ORI),” an esteemed international organization, 
imposes penalties toward research misconduct, where the liability for the miscon-
duct depends on the extremity of misconduct. The aspects that ORI can think about 
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while picking up a penalty can comprise of the extent of misconduct or committed 
knowingly, intentionally, or carelessly, any notable influence on the records and 
subjects of the research, other institutions, researchers, or public well-being. “Office 
of Research Integrity (ORI)” can even enforce various penalties if the research mis-
conduct is upheld, including Terminating or Suspending the research grant. 
Suspending or debarred from receiving federal funds in the future, or simply by 
correcting the research record or letters of reprimand. ORI will promptly refer the 
issue to an investigating body if it considers that the scientific misconduct might 
have been associated with criminal or civil fraud [79].

The regulations in India by University Grants Commission (UGC) for scientific 
misconduct are categorized based on the plagiarism of those scientific materials. 
Research publications’ misconduct is considered a least serious offence when 10% 
of a manuscript is plagiarized, while the papers containing 60% or more plagiarized 
material can be considered the most serious offence. There are no penalties levied 
on the researchers whose papers have 10% or less plagiarized material. A student 
could be removed from their course, and a researcher would be required to retract 
their paper if that paper or material is found to be in the most serious plagiarism 
category. There are also other repercussions for the researchers as they cannot 
receive a pay raise for 2 years or will not be allowed to supervise a student’s dis-
sertation for 3 years [80]. A total of 106 papers problematic papers were retracted 
from “Council of Scientific and Industrial—Research Indian Institute of Toxicology 
Research (CSIR-IITR)” in 2019, which were found listed on the Pubpeer website 
for image manipulation and duplication

9.10  False Allegation of Research Misconduct

As the incidence of scientific misconduct is documented well, the issues about inno-
cence and its establishment in the cases of false allegations are not addressed effec-
tively. Hence, the investigators must be careful enough and need to assimilate the 
procedures to protect themselves in cases of untrue allegations. Essentiality for 
proving the innocence from the false allegations by the scientific community’s peo-
ple carries a more comprehensive range of responsibilities that can even exceed the 
normal legal assumptions. Researchers and Scientists across the world must be well 
prepared to safeguard their reputation and credibility by proper organization and 
maintenance of every single original file and the datasheet that is related to their 
grant proposals and publications, which they should be in a position to put forth all 
those documents to prove their transparency at any moment when such allegations 
and concerns are put up [81].

The government regulations for these allegations about the organizational proce-
dures and policies involve two main phases, an inquiry and an investigation. A pre-
liminary evaluation into the allegation with the other details for determining the 
adequate ground to investigate further into the allegations of misconduct comes 
under the inquiry phase. At the same time, the investigation involves formal exami-
nation and evaluation of relevant information for determining the occurrence of 
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misconduct. The scientific research procedure can regularly fix the allegations or 
disagreements that may involve queries against the questionable research practices 
or scientific judgment can be regularly fixed by the procedure of the scientific 
research itself questionable research practices or scientific judgment. The proper 
management of misconduct allegations is long-standing, challenging, and even 
costly, which can divert faculty and administrative attention from other vital issues. 
Hence, the false allegations must be carefully dealt with and solved accordingly in 
a well-structured manner [82].

9.11  Future Directions and Clinical Implications

It is essential to have procedures in place for the early identification of patterns 
indicating data issues and concerns. The methods and protocols to ensure data qual-
ity in clinical trials that include data fraud identification and management must be 
progressed toward expansion and refinement if required. Central statistical monitor-
ing techniques for ensuring the data integrity of clinical trials could be used heavily 
for suggesting remedial actions during the trial. Statistical assessments for the data 
quality can be proved useful during peer review, as journal editors can request 
access to the source data more often beyond which claims can be made. Open dis-
cussions among the researchers worldwide on the data integrity aspect of clinical 
research and their regular discussions will help reduce the incidence of data fraud.

9.12  Conclusion

Each country should have an official body that investigates and judges clinical or 
basic research fraud. All the organizations involved in the preclinical and clinical 
research must have concerning authorities functioning. To carry out transparent 
policies, strategies, and Standard Operating Procedures (SOPs), that can uplift the 
misconduct disclosures. Scientific fraud must be regarded as a serious issue without 
neglecting the actual causes. Transparent communications between the research 
groups on a crucial feature of clinical research besides discussing the already hap-
pening practices and projects can help reduce the fraud and misconduct incidence.
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10.1  Introduction: Document Control and Archiving

A document control system is one of the most critical tools for ensuring compliance 
in highly regulated laboratories or industries. Document control system is an inte-
gral part of the quality management system and enables the laboratory to be in 
compliance with relevant regulatory and accreditation requirements, whether it is in 
drug discovery, drug manufacturing, clinical research, hospitals, or clinical labora-
tories. Document control is one of the key requirements of ISO standards. It is good 
to remember that there are no consequences of doing too much but of doing too 
little. The management and control of records are one of the key features of the 
Quality management system in Good Laboratory Practices (GLP) facilities. Proper 
rules, regulations and guidelines, ethical code of conduct need to be followed by 
various personnel in the GLP system. Well-documented guidelines act as a source 
of guidance for an insider as well as an outsider in the laboratory. For the prepara-
tion and generation of documents, a proper systematic approach needs to be 
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followed for authenticated data generation like DRS, SOPs, log sheets, and master 
schedule, etc. Document control is imperative for the smooth conduct of experi-
ments and retention of records in the GLP facilities. India has emphasized the need 
and importance of coding in its New Education Policy (NEP) 2020. In the previous 
years, the Government of India has changed its policies, and funding/approval agen-
cies are taking strict actions against the companies/labs that have a lack of transpar-
ency in their documentation work. In order to avoid this situation and to make the 
defense strong, it becomes all the more important to follow GDP (Good 
Documentation Practices). GDP ensures an auditable account of the work per-
formed and data integrity, thus ensuring compliance to national and international 
regulatory requirements. GDP individually and collectively must ensure documen-
tation (electronic or paper), that is secure, attributable, legible, traceable, perma-
nent, correctly recorded, original, and accurate.

Document control procedure provides a systemic process to prepare, review, 
approve, and publish a document or record. In addition, it should define the process 
for any updation or amendments and to archive the document when it is made obso-
lete. A document is not the same as a record. A document is written in the present 
and is forward-looking, whereas a record is related to the past and is back traceable. 
Both documents and records play important roles in GLP systems [1]. A document 
provides a controlled communication system within the organization. One might 
forget/misinterpret verbal instructions but written instructions mentioned in the 
document assist in better management of the Quality System.

Apart from document control, archival is also an important aspect of Good 
Documentation Practices. Archiving practices secure not only the data but also cre-
ate space for a better working environment. Archiving involves storing the data that 
is not being used currently but may be required in the future.

According to the World Health Organization (WHO), document hierarchy fol-
lows the policies, processes, and procedures in the written form as shown in 
Fig. 10.1 [1].

 1. Policy:
The Policy provides the overall outline and direction on “what needs to be 

done.” It includes the aim, objectives, and overview given by the top manage-
ment. For example, a policy statement regarding “leave from work” should 
include a policy statement headline, along with the reason and the scope of its 
implementation, e.g., for permanent employees, contract employees, etc. [1]

 2. Process:
The Process is based on the principle of input and output. It gives the direc-

tion of flow regarding “how it happens,” which involves steps for Quality man-
agement [1].

 3. Procedures:
Procedures involve detailed instructions of every step of performing a task in 

the laboratory [1, 2]. Procedures give the direction or instructions for “how to 
do” the particular task. The stepwise instructions need to be followed by the staff 
members of GLP facilities in a diligent way for quality data generation.
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According to 21 CFR 820, every controlled document must clearly state [3]:

 (a) Who generated the document?
 (b) Who evaluated or validated the document and data?
 (c) Who and when sanctioned the document?
 (d) What is the status of the documents (Original, amended, revised, revalidated, 

awaiting approval)?
 (e) The revision number of the Document.
 (f) Approval ( registered copy or official printout with signatures).

10.2  Standard Operating Procedure [4]

10.2.1  Overview

An SOP is the documented procedure of describing any operation. It provides the 
step-by-step details to deal with any task or experiment accurately and precisely. An 
SOP is usually designed for a specific task (e.g., In the management of hospital). 
SOPs can be universal. An example is “laboratory safety precautions” which 
remains the same irrespective of which laboratory is conducting the test. Other 

Fig. 10.1 The flow of 
Document control [1]
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SOPs can be laboratory specific or task specific. For example, estimation of protein 
content in the blood. Some SOPs can also be condition specific—for example, cryo-
preservation of blood in a liquid nitrogen Dewar.

10.2.2  SOP Content

An SOP should be a well-focused and concise document. For example, an SOP on 
the estimation of protein by Bradford method should include only that particular 
procedure. It is irrelevant to include details about protein estimation by the Lowri 
method or electrophoresis.

An SOP should contain the following elements:

• Introduction: Background information on the scope of work being undertaken 
should be mentioned. For example, an SOP on good laboratory practices should 
describe its importance, regulations, and standards that need to be adhered to etc.

• Purpose:. The chief aim of the SOP should be mentioned briefly and clearly. It 
should point to the detailed policy it is planned to support.

• Scope: The scope or area of the SOP involves the specific activities that it covers 
and the scenario where it applies. It should be appropriately mentioned in the SOP.

• Responsibility: Each personnel should be allocated their responsibilities and 
duties according to their respective positions in the Laboratory.

• Associated Records and Forms: Any related SOPs, standardized forms, bench-
marks, and other source documents must be enlisted. Moreover, any related 
record-keeping document should also be mentioned. Provide examples of forms 
to be utilized and mention how it needs to be accomplished.

• Materials Required: Describe the specific equipment, consumables or reagents 
that are required.

• Procedure: Clear, accurate, and stepwise instructions for procedures need to be 
followed. Furthermore, use illustrations, presentations, and images wherever 
required.

• Distribution: Maintain or register the record of the distribution of the SOP along 
with its revisions, updates, or amendments. Moreover, SOPs that are older and 
suspended versions need to be withdrawn.

• Risk Assessment: If there is any risk involved in a particular test or experiment, 
the safety provisions should be clearly mentioned to alleviate it.

• Training: Provide details regarding any type of training, if required.

10.2.3  How Should SOPs Be Used?

For the SOP to be used in a particular work area(s), it must be readily accessible 
there. The concerned personnel must also know the exact location of the document. 
Moreover, the supervisor must ensure that new appointees are trained to follow the 
SOPs related to their assigned duties.
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10.2.4  Designing an SOP

The template to design SOP is provided (Fig. 10.2).

 1. Introduction:
For the maintenance, safety, and integrity of the data archiving is an essential 

element of the Quality Management system. The systematic archiving of records 
smoothens the process and procedures of data retention and data retrieval.

 2. Purpose:
To manage the Archiving process in the laboratory

 3. Requirements:

 (a) Termite free cabinets/Almirahs
 (b) Proper coding of the Cabinets, Documents, and researchers
 (c) Fireproof or Waterproof archiving cabinets or Almirahs
 (d) Proper Safety Management, e.g., Fire extinguisher or smoke alarm
 (e) Password-protected, or Lock-and-Key-protected documented places
 (f) Confidentiality of the records
 (g) Proper handover of duties to the other researcher or staff before leaving 

the laboratory
 (h) Approval from Study Director, Quality Assurance (QA) Personnel

Title: ARCHIVING

SOP No.

AB12-YZ-34

Edition No.

01

Effective Date Review Date Document Controller

(Signature/Stamp)

Copy No.1 Date of Issue Location (Unit/Division)

STANDARD OPERATING PROCEDURE
Institute

logo/Name

Fig. 10.2 Template to design an SOP
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 4. Procedure:

 (a) Proper indexing and coding of the archiving document.
 (b) Well coded samples and proper compilation of the raw data and results of 

the study.
 (c) Proper validated data approved by the Study Director and QA.
 (d) Keeping of archiving data in termite free, rust free cabinet, Almirahs, and 

cupboards.
 (e) Archiving data kept in proper lockers with archivists.
 (f) Maintenance of data till the applicable retention period.
 (g) Retrieval of data from the archives and return back of data to archives 

should be properly reported.
 (h) Disposal of Archival data with the permission of Study Director and 

management.
 (i) Archivist must inform the Study Director when the archive procedure 

is done.

 5. Responsibility:
Personnel of the testing facility will be responsible to follow the SOP, and any 

deviation from the SOP should be intimated to Q.A.  Person and/or Study 
Director.
Status: The options include—Original   Amended    

Revised   Revalidated
The particular option is chosen according to the current status of the SOP.
Approvals: Approvals from the management, study director, and QA is required 

along with the signatures of the associated personnel.

Name Signature Date
Author
Q.A. Review
Study
Director
Management Approval

10.3  Purpose of Record Management

Documents are the key to govern any system or organization. Document control is 
the fundamental requirement in any office, institution, or lab for assuring data 
safety, security and confidentiality with an ethical code of conduct. Documents con-
sist of informative data or evidence or records which may be on paper or recorded 
into an electronic device. These documents act as a manual to follow the guidelines 
of performing the experiment or to confirm the procedure to use [5].

In the current scenario, reliability, validity, reproducibility of the test data is 
required for worldwide acceptability as well as to get grants from the government 
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and other funding agencies. GLP has the solution to all these current problems and 
is useful for future perspectives [6, 7]. The flow of the GLP personnel is shown in 
Fig. 10.3.

10.4  Best Practices for Record-Keeping and Preservation 
of Historical Records

The historical records can be preserved using the following best practices for docu-
ment control:

 1. Coding of Documents: Coding has an important role in the management of 
documents and archiving. By coding, we can find the documents easily, with-
out wasting precious working hours. Many countries and Institutions empha-
size on coding for better functioning. The current example is India, as the 
importance of coding is also highlighted in the New Education Policy (NEP) 
2020. Coding is important not only to recognize the records in the lab but 
also for archiving the records. Coding makes the archiving process conve-
nient for the students/ researchers. Coding should be done at various levels 
as follows:

Fig. 10.3 Flow of GLP-oriented laboratories
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 (a) Students Coding: In a GLP system, when a student enters the lab, then 
Quality Assurance (QA) provides him/her with a unique student code so that 
they can maintain the records according to the number, and in the end, they 
can archive their documents according to the student code so that it can be 
found easily.

 (b) Room Coding: If the lab is divided into chambers or rooms, it is essential to 
provide a room number. This ensures that the chambers/rooms can be 
located easily.

 (c) Cabinet Coding: It is also necessary to provide a number to the cabinets in 
the room(R1, R2, R3, etc.). For proper management, first, add room no. and 
then cabinet no. For example, if room no. is 5 and cabinet belongs to R1, 
then the subcabinet no. will be 5R1. This will make it easier to find the par-
ticular place without describing it.

 (d) Equipment Coding : To differentiate various equipment, its coding is nec-
essary. Equipment coding may be according to Quality Assurance (QA) such 
as A1…A99 or AA…AZ then BA…BZ.

 (e) Sample Coding: There should be well-designed coding so that the samples 
can be tracked easily. If a student with code 52 has collected the samples for 
his/her research work and the sample no. is YB-27, then the proper coding of 
the 52YB-27. This makes it easy to track the samples.

 (f) Documents Coding: There are different types and formats of documents 
used in the lab or office. There are log sheets for different equipment, 
recurring and non-recurring material, and students’ log register files. For 
example, on the cover page, the cabinet no. should be mentioned to locate 
it easily. In the equipment file, we can find the date of purchase or the cali-
bration/service date. In the equipment log sheet, the researchers should 
enter the experiment date, name of the researcher, and the experiment 
performed.

 2. Data Recording Sheets: Data recording sheets (DRS) are also very useful at the 
time of experiments. New researchers can easily perform the experiments in a 
stepwise manner, and if there is some new method required, then they can 
reschedule the step. It is very useful for future research.

10.5  Types of Documents and Their Management

 1. The Standard Operating Procedure (SOPs), Data Repository System (DRS), 
Master Schedule, Indent register, Inventory and in account section the stock reg-
ister, cash book, temperature log sheets, bill files (requisition file), reimburse-
ment bills, correspondence files, salary registers are included in the documents 
in a research setting.

 2. All the documents are approved by the Quality Assurance head (QA) and 
Personal Investigator (PI) of the Project.

 3. All approved documents need to be well organized in a binded file and available 
for the staff or students to use, and blank forms must also be available there.
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 4. These forms and documents should also be available electronically, such as on a 
server or any lab network which acts as an interlink between the members of a 
lab or an Institute.

 5. There should be an Index page that mentions about all the documents in the file, 
and it should be updated on a regular basis.

 6. There should be a similar index on the cupboard or almirah, so that anyone is 
able to locate any concerned file easily.

All the documents should be attached in an appropriate manner in SOPs (Standard 
Operating Procedures). All documents should be approved by the head of the labo-
ratories. The approved documents should be converted into electronic data and 
should be saved in the server. All forms should be bound in files. Division of the 
cabinet should be according to a unique number and the related file number. For 
example, the cabinet no. will be 5R1, if 5 is the room no., R is the whole cabinet, 
and 1 is the particular small subcabinet place.

10.6  Resources for Document Management

These include documents, email, digital imaging, softwares, record-keeping man-
agement services.

Data can be stored on paper or electronically.

 1. Paper Documents: Paper documents include study plans, SOPs, DRSs, docu-
ment files, ledger, letters, approvals, and notes on paper. It is an essential and 
commonly used process practiced everywhere by professionals. It should be well 
organized in a binded file. Electronic data hard copies are also considered as 
paper documents.

 2. Electronic Documents: A popular phrase used in research is “increased complex-
ity leads to decreased efficiency.” GLP is an extraordinary way to manage and 
simplify all documents. Data stored on paper can be damaged or lost easily. To 
avoid these issues, it is important to save a copy of all the documents into the server 
and/or other devices. Electronic data can be stored in a CTMS software [8, 9]:

CTMS Software: CTMS (Clinical Trial Management System) is a cost and 
time- effective software for clinical trials. It can track the pending tasks, database, 
and deadlines and store the information of participants. It can centralize the data 
without any delays [10].

10.7  Requirements for Electronic Data and Paper Data

Everything has its pros and cons. Electronic data is easily accessible, but sometimes 
it is very sensitive to access and store. Any defect in the system can destroy the 
whole data, hence the backups in drives are mandatory. However, both formats can 
be made compulsory. These methods of storing data are as shown (Table 10.1).
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10.8  The Role of Education and Training in Document 
Control and Archival of Records

In a GLP system, record management is a combination of various subjects. In 
a GLP-oriented lab, retention, privacy, and the archiving process should fulfil 
the mandates for GLP. All these should depend on the system and not on any 
person. In other words, document control should be system oriented and not 
person oriented. Even if the need to track a particular file arises after 20 years, 
one should be able to find it easily if the system is GLP oriented. For the proper 
record management and data archiving using GLP principles, education, and 
training are needed. In addition to this, the world is becoming digitalized. 
When everything came to a standstill due to the lockdown imposed due to the 
Covid-19 Pandemic, Technology came in as a savior. Education, business, offi-
cial work, etc., continued virtually, and this promoted sustainable develop-
ment. In the modern era, new technology is being used to manage records, 
hence being up to date becomes all the more important, for which regular train-
ing programs should be held.

10.9  Common Problems in Document Control 
and Archiving Records

As we know, document control is a complicated process without GLP management. 
Challenges can arise while managing both electronic as well as hard copy data 
(Table 10.2).

Table 10.1 Resources for document management

Paper Electronic
Requirements • Plastic files or cobra files

•  All documents should be punched 
and kept in the files

•  Space and cupboards to keep the 
records

• CD
• PD
•  Separate locked space in a 

computer

Approachability GLP system should be followed to  
find any file easily

It should be well indexed

Security •  Cupboard should be free from 
termites and insects.

•  Need Lock and Key system for 
security of the documents

•  It should be free from software 
viruses

• Well spaced
•  Documents should be protected 

with passwords

N. Kaur et al.



171

10.10  Data Recording Sheet (DRS)

The data recording sheets, popularly known as DRS, are the main requisite of GLP 
systems. DRS plays an imperative role in maintaining the authenticity of the experi-
ment. It also mentions the correct way to conduct a particular experiment sequen-
tially. DRS should mirror what has been done in that particular experiment. The 
result, any mishappening or mistake related to the failed experiments can also be 
reported. Some features of DRS are illustrated (Fig. 10.4) and explained below :

 1. Indexing: The DRS should have a proper index, and a separate file of each stu-
dent with a proper student code. The indexing facilitates the traceability of the 
particular DRS using date and sample number.

 2. Location: The DRS needs to be properly kept with the QA personnel. The main-
tenance of DRS should be done by the QA personnel with proper indexing on the 
particular cabinet, almirah, or safe so that it is easily traceable. Moreover, it 
should not disturb the arrangement of the previous records kept there. There 
needs to be interconnectivity within the different records, so that when there is 
any kind of ambiguity, it can be sorted. The QA is required to keep the records 
safe using proper lock and key or password.

 3. Issuance of DRS: The DRS are issued by the QA. There needs to be a proper 
time period for DRS issuance. Moreover, issuance of the DRS is subject to the 
return of the previously issued DRS duly signed by the study director.

Table 10.2 Common problems related to electronic and hard copy data

Common 
problems in 
document control Electronic data Hard copy paper data
Insufficient 
storage

It is a common challenge in the 
management of electronic data. 
To avoid these issues, clean the 
junk file on time and archive the 
files which are not in use

It is also a great challenge in the lab due 
to limited space

Susceptibility to 
damage

CD, Pen drives are easily 
accessible, but these items are 
susceptible to damage by water, 
fire, and dust granules

Paper data is susceptible to damage by 
water, fire, moisture, and insects

 Limitations There is a limit to the amount of 
data that can be stored in each 
drive. However, we can improve 
this after spending some funds

Insufficient Storage capacity is also a 
challenge here. Although it can be 
improved, it is very costly compared to 
electronic data management. A new 
room or cabinet also needs to be hired 
for the same
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10.11  GLP for Maintaining Records and Document Control

The responsibility to manage GLP using proper records lies with the Quality 
Assurance personnel. The Quality Assurance (QA) personnel plays a prominent 
role in the GLP system.

 1. Control of Attendance: The QA has the responsibility to maintain the atten-
dance of the research staff, hence maintaining punctuality in the research lab. 
Punctuality helps in time management and timely completion of various research 
projects.

 2. Control of Movement: In a GLP-compliant lab, it is important to control the 
movement of the research staff. It is essential to maintain the productivity of the 
work, especially in times like the COVID-19 pandemic.

 3. Meeting Minutes: A number of meetings are held in the laboratory to get 
updates on various assignments from the research staff. Therefore, noting down 
lab meeting minutes is an important process for document control. It eventually 
aids in the researchers’ growth.

 4. Prevention of Inventory Pilferage: For protection from any type of pilferage in 
the laboratory, the inventories need to be safeguarded with password-protected 
lockers or proper lock and key. The key of the inventories must be with an autho-
rized person. A proper issuance register of the keys should be maintained, which 
contains the signature of the concerned person to whom the keys were issued. 
Moreover, the responsibility of maintenance of the inventories in the laboratory 

Fig. 10.4 Features of 
Data Recording Sheets 
(DRS)
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can be distributed among the researchers. Additionally, password-protected 
doors in the lab are also helpful in inhibiting entry to outsiders in the laboratory 
environment.

 5. Monitor the Use of Resources : The resources and the infrastructure are a very 
important aspect of GLP. To check or monitor the usage of resources, different 
kit log sheets are maintained. The log sheets with Log sheet no. are used, and the 
users make an entry on a particular log sheet of the specific chemical with date, 
amount used, and balance quality.

10.12  Electronic Records and Its Management

The twenty-first century is the era of modern technology. Technology has played a 
major role in many fields, including research. There are various instruments, which 
are based on computer systems for conducting experiments and recording data, for 
e.g., RT-PCR, gradient-PCR, UV-Spectrophotometer, Nano-Doppler, Ph meters, 
and ELISA readers. The maintenance and management of electronic data is an 
important aspect of document control. Electronic data is the need of the hour. It is 
very important to control the electronic data records by preparing better backups, 
having a proper antivirus, and a computer protection with passwords. In the GLP 
system, electronic data is very important to generate and preserve so that it can be 
retrieved anytime. The physical records have some disadvantages like susceptibility 
to damage by physical factors, but electronic records may even be re-used. Electronic 
records are prepared directly on the computer system using different softwares like 
Microsoft word, Microsoft excel, Powerpoint, Adobe pdf, Google docs, etc. The 
data related to the study can be electronically recorded by the primary observations 
in the computerized systems [11].

Moreover, the storage of data in electronic records is eco-friendly. It is a requisite 
of the GLP system to maintain a proper electronic record of the pen–paper-based 
data or the data available in hard copies. It is important to note that the raw data col-
lected on paper needs to be properly converted into electronic form through proper 
computerized systems. The collection of raw data should be carried out properly 
following the GLP guidelines under the strict instructions of the study director. 
According to OECD (2018), for the maintenance of data in the form of electronic 
records, properly equipped computerized systems are required with proper plan-
ning, performing monitoring, recording, and archiving as shown in Fig. 10.5 [12].

10.12.1  Prerequisites for Electronic Data

There are some prerequisites for preparing and maintaining electronic records, 
especially when using computerized systems. These are permanence, security, 
backups, password protection with limited access to the people, and traceability. 
There should be a proper backup system available in case the present system stops 
working due to any problem. Moreover, system security is also an important issue, 
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which needs to be dealt with, as only limited people should have access to the data. 
A password-protected system helps in better document control. Data traceability is 
also a major aspect of electronic control. We should be able to trace the data when-
ever we need it, in a systematic and smooth manner [1]. For electronic management 
of the records, it is necessary that the database is organized in a logical and system-
atic manner for it to be accessible and traceable. This can be done by making a 
proper archiving folder in the computer systems with password protection. It further 
helps in tracing months or years old data with proper details like date, specimen, 
and personnel. In GLP-oriented lab facilities, if host services are being used for the 
maintenance of electronic records, then an agreement mentioning proper terms and 
conditions needs to be signed by both sides [13].

10.12.2  Precautions for Storing Electronic Data

The storage of data in electronic records has its advantages as well as disadvantages. 
However, by adopting some preventive measures, its disadvantages can be over-
come. The person who is handling or maintaining the electronic data must have 
expertise in using computerized systems. Moreover, the person also needs to have 
expertise in dealing with unfavorable situations in handling the data, for e.g., knowl-
edge of backups. The computerized systems need to be accessible only to a limited 
number of designated people [14]. The computerized systems need to be well 
equipped, validated, secure, maintained, and operated in the GLP-oriented labs. In 
the GLP-oriented labs, the whole management system assures the authenticity and 
data recording in computerized systems [14]. The whole computerized system is 
well connected with the server with a high-speed Internet connectivity. Calibration 
of hardware and upgradation of the software should be done regularly and on time. 

Fig. 10.5 The methods 
for generating electronic 
records [12]
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There should be proper indexing and coding of different folders along with a sepa-
rate archiving folder in the system.

10.13  Archival of Records

Archival is an important component of data management and helps in maintaining 
the data integrity and safety of the records. Archiving involves storing the data from 
the main working place to other safe areas in order to retain them. Data is stored in 
a secure area that is fully dedicated for archiving purposes where all types of docu-
ments can be stored which are not being currently used. The same process as previ-
ously discussed for proper management of paper data and electronic records is also 
applicable in archiving. Although there are certain differences between paper data 
and electronic data archiving, yet there are some fundamental similarities. To man-
age all types of records and materials, there should be an archivist, who is respon-
sible for archiving all the data as suggested by the study investigator or/and Quality 
assurance head in that appropriate place (Archiving place) [11].

To make the process of retrieval easier, there should be proper Indexing. It should 
also be ensured that the movement of records and archives is properly controlled [15].

10.13.1  Access to the Archive

To increase efficiency, accountability, and transparency, access to the archiving pro-
cess should be properly documented, and every visit should be recorded in a GLP 
system. The indexing should remain unchanged at that time [16].

10.13.2  Records to Be Retained

The following documents need to be retained:
Study proposal, approval of IEC, raw data (including all DRS’s SOP’S and stu-

dent raw registers, log registers, validation sheets), Old bill files, attendance regis-
ters, students registers, including all data into pen drives, all QA sheets, master 
schedules of previous years, etc.

10.13.3  Procedure to Archive

The responsibilities of an archivist have been discussed, but the study director is 
mainly responsible for data integrity. The archivist can archive the records after 
approval. The study director is responsible for ensuring that records are archived on 
time and for deciding where, when, what, how to archive [17].
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10.13.4  Format of Archiving

To make it traceable and to make the retention process easy, we should follow some 
important steps, and coding is one of them. Coding plays an important role in 
archiving the paper data. The coding of archiving rooms, cabinets, students, and 
documents is essential to make the process of tracing the documents easy. Coding 
has an important role in the management of documents and archiving, as it helps to 
find the right location without wasting precious working hours.

10.13.5  Benefits of Proper Archiving

 (a) It makes the compliance process easy.
 (b) It manages the space for proper files.
 (c) Recovery makes easier after the document control.
 (d) It assures the backup of all documents.
 (e) It secures disaster recovery.
 (f) It makes a strong connection between the Documents, so it is also helpful in 

Collaborations [17].

10.14  Electronic Data Archiving

To manage all the documents which are not being used very frequently, it is bet-
ter to convert them into electronic documents via scanning and then archive 
them into secure systems. This is called Electronic Data Management System 
(EDMS). In fact, all the essential lab paper documents can be converted into 
electronic documents and be saved into a server or any other device, so that the 
authorized personnel can retrieve them easily [18] . This also helps to lessen the 
burden of excessive paperwork. Many labs are now archiving data using elec-
tronic means. Although electronic archiving has a tremendous role in the man-
agement of data, it may also create some difficulties in tracking if not properly 
arranged. The records have to be divided into categories according to the infor-
mation or depending on the nature of the activity. Staff and students may find it 
difficult to switch to electronic archiving, so appropriate training must be pro-
vided for this [8].

10.14.1  Standard Operating Procedures of Archiving 
Electronic Records

Electronic records are easy to create but a little hard to maintain. To make the elec-
tronic data achieving process easier, some standards should be followed.

Electronic records should be safely stored in pen drives, CDs, or optical disks in 
order to physically archive these items. These records should be placed at an 
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appropriate place for electronic devices, i.e., the area should be free from magnetic 
fields and moisture.

It is necessary to have a backup of the same records in two different devices, i.e., 
in CDs and pen drives both [18–20]. If we are archiving data into the system, then 
it has to be stored in a secure place protected with passwords, so that no one can 
change or delete it.

The IT sector is rapidly advancing, so there is a need for time to time upgradation 
of the archive facilities according to modern advancements.

Remember that all the “electronic data archiving” operations should be per-
formed under the guidance of an archivist. It is important that an Archivist is well 
versed with information technology, so that he can handle every electronic opera-
tion [11]. Electronic records are very sensitive, hence there is a basic need to exam-
ine the records from time to time. If there is any missing record in any of the devices, 
it has to be copied from another device without any delay. If both electronic devices 
have lost the data, then data should be taken from the hard copies, and backup 
should be created again in the electronic devices with the help of imaging tech-
niques or scanning techniques. All these operations should be properly documented 
under the QA and/or the Study director [11, 12, 17, 18].

10.14.2  Benefits of Electronic Archiving

Electronic archiving ensures that :

 1. The data is protected and can be maintained easily.
 2. Data is easily traceable.
 3. The extra burden of paperwork is reduced.
 4. Storage and management of data are cost effective.

10.15  Future Directions and Clinical Implications

A lack of proper documentation practices is one of the most common findings dur-
ing on-site inspections [21]. The documentation should be such that an independent 
observer should be able to reconstruct the whole process using the documents [21]. 
As mentioned by FDA, Good documentation should follow the principle of ALCOA- 
attributable, legible, contemporaneous, original, and accurate [22]. According to 
ICH–GCP guidelines for clinical trials, data is saved in a Trial Master File, which is 
then archived [23]. With the advent of digitization, software-based methods of doc-
ument control and archiving have been developed. CTMS (Clinical Trial 
Management system) software are being used by pharmaceutical companies and 
CROs, but its extension to academic Institutions also can make communication and 
tracking of data easier, and improve efficiency, especially for multicenter trials, pro-
vided the privacy and security of data are taken care of [24]. For the appropriate 
management of data in the contemporary era, it is important for the person 
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managing it to be up to date with newer technology. Developing an SOP for docu-
mentation, adequate training regarding GLP and GCP, and understanding the pro-
cess of documentation can improve the documentation quality and the process as a 
whole [21].

10.16  Conclusion

In the GLP environment, document control and archiving records are the backbone 
of administration and other research-related work. It secures the data of different 
types of studies/researches and assures the retention and retrieval period having 
proper documentation practices. It prepares one to face any type of challenges their 
academic career such as allegations on research, thesis defense, warning notices by 
the funding/approval agencies in the future, even after many years. This chapter 
summarizes the role of document control and the importance of archiving records in 
management, and the use of standard operating procedures. This chapter aims to 
provide the solutions to common problems in paper data and electronic data 
archiving and management. It has evaluated all the aspects regarding data and how 
to archive it. DRSs, SOPs, the formats and methods of archiving, and best record- 
keeping practices in GLP management have also been described. This chapter will 
encourage the labs/offices to move towards electronic data management and Good 
documentation practices in the GLP system. Future directions in this digital era lie 
in the advancement of the labs to adopt the above suggestions, methods, and sys-
tems in their administrative work to improve the quality of data.
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11Academic Social Responsibility 
and Quality Assurance in the Developing 
World: A Framework for Implementation

Avijit Banik and Avik Mitra

11.1  Introduction

Corporate Social Responsibility (CSR), over the years, has become a successful 
concept for companies and industries in order to ensure their capacity for long-term 
value creation and gain in competitive markets, while this sense of responsibility 
remains mostly isolated in policies and guidelines in academic settings without 
much into practice. In developing countries, researchers and academicians are 
mostly found working in isolation, limiting their important findings and practices 
without embedding them into a larger goal for social benefits. While many times 
their groundbreaking works are made available as a piece of publication in the sci-
entific domain, they fail to connect to the common people’s need and welfare. 
Though scientists are bound by the act of “responsible conduct of research” but they 
need to rise above their limited ethical responsibilities and pursue a broader and 
larger social requirement of their body of work, termed as Scientific Social 
Responsibility or Academic Social Responsibility (ASR) [1].

Corporate Social Responsibility (CSR) is a dominant theme for decades in the 
world of business. Despite the practical dissimilarities, parallel to the corporate 
world, the scientific world also poses similar challenges such as ethical governance 
of Institutions, respecting culture and values, balancing between self and societal 
interests and justifying self and outside regulation [1]. The term Academic Social 
Responsibility (ASR) can be defined as the means of integrating social values in the 
higher academic Institutes to not confine them to learning alone but to disseminate 
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the power of learning for societal benefits. Recently, the concept is getting embed-
ded in many academic Institutes, including research establishments, as a potential 
way to sustain the progress towards value addition in the respective fields. The pur-
pose of ASR is to achieve sustainability blended with ethical responsibilities towards 
the immediate society for improved health and livelihood [2]. It is believed that the 
larger vision and mission of a teaching and research Institute should focus on how 
it can contribute to the welfare of society form where it draws funds to sustain their 
activities. Though widely deliberated and partly practiced in developed countries, 
the concept is yet to be defined within the ambit of academic Institutes, making it 
necessary to develop steps for implementing ASR in the context of an academic 
Institute in the developing world.

11.2  Role of United States in Steering Academic Social 
Responsibility (ASR)

After World War II, the United Nations in the 1948 General Assembly paved the 
way for the Universal Declaration of Human Rights, depicting liberty, security, and 
well-being of human lives through social justice of equality [3]. The Association of 
Academic Health Centers (AAHC), founded in 1969, is one of the pioneering ele-
ments in America’s health care system by educating and training next-generation 
medical practitioners towards advancing global health and well-being of the com-
munities [4]. AAHC represents a large body of member Institutions, including allied 
health, public health, dentistry, nursing, pharmacy, veterinary and graduate schools. 
Through their well-constructed campaigns, AAHC has spearheaded the nationwide 
movement to inculcate the importance of social determinants in the healthcare sys-
tem. While the value of ASR is very much at the core of medical fraternities in the 
USA, it lacked altruistic enactment due to Institutional structure, regulation, and 
accreditation. An incentivized system and the “guild mentality” of the health care 
professionals have limited AAHC’s efforts of infusing ASR into a nationwide move-
ment [5].

The “guild mentality” largely divides the health care practitioners between medi-
cine and public health. It leads to competition and duplication without considering 
the patient community as a partner. Another barrier is the larger divide within the 
health care professionals among the disciplines inside the academic Institutes. This 
inhibits the interaction between different disciplines, obstructing the collaboration 
across schools and departments. Competition within faculties and reserving skill-
sets within the departments also add to this nature of silo. Evaluation and promotion 
of the faculties are mostly based on publication and revenue records without giving 
much importance to the collaborative efforts and societal contribution [6]. 
Unfortunately, being a first-world country, the US health care system is still driven 
by profit margins with health insurance programs and does not advocate for equality 
for social well-being among different strata of economic divisions in the society [7].

Despite such challenges and limitations in the system, the value of social respon-
sibility is embodied in different public and private institutes of excellence. One such 
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study reveals how social accountability is conceptualized as a core value in a 
Nursing School of a private Institute and implemented into their curriculum. Funded 
fellowship programs focusing on leadership and social responsibility are awarded to 
deserving students. As a part of their curriculum, students are allowed to work 
closely with the underprivileged population in clinical settings. Through journaling, 
debriefing, and other collaborations, students analyze the broader social issues 
related to inequality, human rights, and poverty [8]. In fact, a recent study scored 
more than sixty thousand physicians linked to the American Medical Association 
(AMA) based on their placement in primary care settings, distribution to under-
served areas, and if they belong to the underrepresented minorities in the US medi-
cal schools. Interestingly, three historically black colleges and universities ranked 
high on this social mission score. Public and community-based medical schools 
scored higher than noncommunity private schools [9].

11.3  Global Status of ASR in the Developing World

The ISO Strategic Advisory Group, an international body, recommending and advo-
cating for social, ethical standards in world business, notes that Social Responsibility 
is “a balanced approach for organizations to address economic, social and environ-
mental issues in a way that aims to benefit people, communities and society” [10]. 
Although this definition is a benchmark targeted at the corporate world, one cannot 
deny the relative significance of these values in the academic and scientific para-
digm. In 1998, The UNESCO organized the World Conference on Higher Education 
in Paris where the committee announced “The World Declaration on Higher 
Education in the Twenty-First Century” and in the following year introduced the 
ambitious policy document called “Bologna Declaration” to make higher education 
accessible and comparable within countries across Europe. The Ministry of educa-
tion from 29 European countries adopted this declaration. Subsequently, this decla-
ration was amended several times based on the evolving needs, and in the 2009 
accord, it acknowledged the need for social responsibility in the Universities, high-
lighting it as an intrinsic factor of the higher education system [11]. Despite several 
challenges of expansion, globalization, corporatization, and political skewness 
faced by Institutes of higher education, the European Universities of eminence are 
largely imbibed by the Magna Charta Universitatum, the declaration of the Bologna 
Process to accommodate the concept of social responsibilities into higher educa-
tion [11].

Medical education is an area where ASR plays an indispensable role in dwelling 
with ethics to sustain and improve equity in the health care system. Latin American 
countries such as Mexico, Chile, and Brazil have substantially expanded economi-
cally in the recent decades, and that has led to a surge in the induction of many 
medical and health care Institutes in these countries. A qualitative analysis between 
Latin American and non-Latin American countries reveals the existence of ASR by 
principle in most of the medical schools reviewed in the study, but the implementa-
tion was poor in Latin American schools as the concept of ASR was not well 
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practiced during training [12]. There is much debate over the extent of adoption of 
the concept of social responsibilities as a part of the curriculum, but it is widely 
acknowledged that a proper framework of implementation is necessary to overcome 
the health disparities in medical schools [13, 14]. The WHO recommendations, way 
back in 1995, highlight the need for social accountability in medical schools in 
order to shape the future health system and to justify financial funding through pub-
lic taxes. WHO recognizes the four major pillars such as relevance, quality, cost- 
effectiveness, and equity in health care, for implementing social accountability in 
the Institutions [14]. The sub-Saharan countries, in particular, South Africa, has a 
long history of practicing “humanness,” in a local language called, “Ubuntu” 
encouraging societal well-being among its citizens. Likewise, medical schools in 
this region are also influenced by the “Ubuntu” effect, and over the decades, through 
several recommendations such as The 1988 Edinburgh Declaration, the 1995 Cape 
Town Declaration, implemented the elements of social responsibilities in their poli-
cies and practices [15].

11.4  ASR in India: More in Policies than in Practice?

India’s scientific community has mostly followed a prototype of western countries 
such as the Code of Nuremberg (1947) and later the Declaration of Helsinki (1964) 
as a point of reference for the responsible conduct of biomedical research. However, 
these policies have driven the scientists and researchers more towards patients’ 
safety than connecting to their larger societal benefits. The Indian Council of 
Medical Research (ICMR) has had its own Ethical Guidelines for Biomedical and 
Health Research for long but it only recently includes the importance of social value 
incorporating the sense of social responsibilities in health research among the stake-
holders [16]. There is at least a paradigm shift in the current scientific atmosphere 
in India where the scientific community and the governmental bodies are deliberat-
ing on the value of social benefits for a larger community and should not be looked 
as “leftover-benefits” from the study outcomes [17]. There are isolated reports also 
suggesting the need of implementing ASR in the framework of medical colleges in 
India by raising above the ethics of patient care [18].

In 2019, the Ministry of Science and Technology under the Indian Government 
had released a draft policy (see http://go.nature.com/32sihv2) for public consulta-
tion on Scientific Social Responsibility (SSR). It aims further consultation, discus-
sion, and debates to shorten the gaps between science and society in our ecosystem. 
The Science and Engineering Research Board (SERB), under Govt. of India, is on 
the verge of implementing this policy soon. When effective, it will require the 
researchers to spend a minimum of 10 days/year in public engagement through 
sharing their knowledge and resources to the community, and the credit for SSR 
efforts will be a part of their evaluation process. It is proposed that each institute 
will have their autonomous SSR implementation and monitoring system and would 
publish an annual report on SSR activities within the institute. The policy acknowl-
edges several social benefits out of this engagement, such as encouraging the next 
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generation for science and technology education, upbringing neighboring scientific 
community by knowledge and resource sharing, improving the productivity of 
MMSE/Startups by technical support, and empowering weaker and neglected sec-
tions of our society through scientific solutions [19, 20].

Because of the structure of the current curriculum and the condescending attitude 
of academicians, they are largely found skipping their societal responsibilities and 
community development initiatives. A recent case study on the engagement of aca-
demic scientists from a medical institute in Northern India highlights the benefit of 
their social outreach initiatives. A group of researchers has dedicated 2 hours every 
week for close to 5 years to a campus health hygiene initiative under the purview of 
the Clean India Movement (Swachh Bharat Abhiyan), a Govt. initiative to engage its 
citizens in the community sanitation drive. The efforts from this group of academi-
cians have led to improving awareness on hygienic practices among the common pub-
lic, reduced littering, and a cleaner campus. This initiative has even drawn prestigious 
awards to the Institute, as the cleanest hospital in the country [21]. This study sets an 
example of how a case of ASR in academic setting plays a significant role in not only 
transforming the community, but also in inspiring the academicians towards nation-
building [22]. This report highlights that the outcomes are prominent, and only 
Institutional remodeling is required to inculcate such practices into the curriculum 
effectively. It is imperative to mention that when the current SSR policy by SERB will 
be incorporated into the Indian academic settings, a tangible framework for imple-
mentation should be in place to materialize the beneficial outcomes of such policies.

11.5  Framework for Implementation of ASR 
in Indian Academics

While the term Corporate Social Responsibility (CSR) is not new for business orga-
nizations across the world, the term Academic Social Responsibility (ASR) is fairly 
new for academic Institutes both in developing countries as well as in India. Business 
looks at CSR from the viewpoint for value creation for its stakeholders and also 
considers it as an important pillar for building competitive advantage.

Academics, on the other hand, are yet to get a clear understanding of the implica-
tions of ASR for stakeholders like faculty, students, employees, fund providers, 
government, community, etc. Since businesses started committing itself to CSR, 
various methodologies and approaches for implementing CSR have developed over 
the years. Looking at the wide interest in CSR, the International Organization for 
Standardization (ISO) also came out with ISO26000 guidance standard on social 
responsibility. The standards helped the business to use it as a tool to integrate, 
implement and promote social responsibility through its policies and practices. 
Though there was no such guidance available for ASR, some of the implementation 
practices of CSR were found to be equally useful for ASR. These were as under:

 1. Commitment and direction setting
 2. Self-assessment or self-diagnosis
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 3. Presentation of findings
 4. Reporting and communication

Commitment is essential to direct the efforts of the academic community towards 
social responsibility. Commitment is demonstrated through the formation of a team 
comprising of members both from within the campus as well as external members. 
This team will need to work with a diverse group of stakeholders and work on the 
following:

 1. To develop a self-assessment or a self-diagnostic tool.
 2. To identify areas where ASR practices can be initiated.
 3. To suggest areas of improvement.
 4. To link academic processes with socially responsible projects.
 5. To develop an appropriate reporting and communication plan of ASR practices 

to different stakeholders through different channels like social media, web-
site, etc.

In the self-assessment or self-diagnostic phase, the aim will be to determine 
where the academic Institute stands with respect to ASR. All the team members will 
be involved in this exercise, and it can be conducted through various research meth-
ods like surveys, interviews, focus group discussions, etc. This self-assessment will 
highlight issues like how the Institute should be organized to become a socially 
responsible Institution, how it should interact with society for promoting sustain-
able human development, etc.

The presentation of the findings will include the presentation of data, sur-
vey results, interview reviews, opinions, and suggestions that will be obtained 
during the self-diagnosis phase. The findings should also include the main 
results, the selection of projects for ASR and the improvement needed in dif-
ferent areas.

Reporting is the key element of this process. The report will include results of 
self-diagnosis, actions developed, projects identified and implemented, recommen-
dations for future work, etc. The report has to be communicated to different 
stakeholders.

11.6  Steps in ASR Implementation

Every organization has to actually develop its own steps for implementation, 
which will depend on its context as determined by several internal and external 
issues like legal, financial, social, etc. However, since ASR can be considered as a 
new or change initiative, the well-formulated steps tested in CSR like, Plan-Do-
Study-Act (P-D-S-A) may be used as a framework on which activities are needed 
for ASR can be established. The P-D-S-A cycle was developed by Deming to turn 
ideas into actions and actions into learnings [23–25]. The cycle of P-D-S-A can be 
classically defined as:
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• Plan: Define the change or intervention required.
• Do: Carry out the change or intervention.
• Study: Collect and analyze the information on the change, intervention carried 

out, and the outcome.
• Act: Use this knowledge to recommend and revise the plan as necessary.

Based on the P-D-S-A phases, the implementation framework is structured in 
detail in Table 11.1.

This framework is intended to help the management of any academic Institute to 
assess its effect on society and accordingly make it a part of the decision-making 
process. It is to be understood that the ASR approach should be an integrated part of 
the strategic management process.

11.7  ASR as Part of a Strategic Planning Process

The strategic planning process (including academic Institutes) helps the organiza-
tion to develop its vision for the future. Hence, it is imperative that ASR is made part 
of the strategic planning process. This will facilitate in the following aspects:

 (a) Focusing on agreed upon activities of ASR
 (b) Improving the effectiveness of ASR outcomes
 (c) Identifying the internal changes that are required in the organization/institute

Table 11.1 Organizational phases of ASR implementation based on P-D-S-A cycle

Phases Main activities Associated tasks (indicative only)
Plan •  Decide on the aims and objectives 

of the intervention
•  Decide on the best method to 

achieve the above
•  Decide on the strategy to be 

deployed

• Form ASR team
•  Build support of all identified stakeholders 

and employees
•  Conduct an ASR assessment to define the 

change/intervention required
• Study what others are doing
•  Decide on direction, scope, roles, and 

responsibilities for ASR implementation
Do • Implement ASR

• Plan of implementation
• Conduct training for assessment
• Develop a necessary communication plan
•  Document the problems encountered and 

other unexpected outcomes
• Start the process of analysis of data
•  Measure achievement against what had been 

planned
Study • Summarize what has been learnt • Complete the data analysis

• Measure the progress achieved
•  Summarize learnings including 

recommendations
• Report the findings to all stakeholders

Act •  Act on the changes/ 
improvements needed in the Plan

•  Start implementing the next cycle of ASR 
plan
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 (d) Improving the commitment towards ASR
 (e) Increasing value creation of the institute, especially among the community 

and society
 (f) Helping in the development of sustained competitive advantage

It is, however, important to remember that each Institute has to work out its own 
strategic plan and the manner in which it wants to integrate ASR within its plan.

11.8  Integrating ASR in the Strategic Planning Process

11.8.1  Understand How the Organization Views ASR

There is a need to integrate ASR into the vision and mission of the organization. 
This is because it significantly contributes towards building a positive image and 
enhance the trust of the community. It also establishes credibility among the stake-
holders. This understanding is essential for an Institute to behave in a socially 
responsible manner.

11.8.2  Understand Stakeholders’ Strategic Needs and Desires

Any credible ASR will encourage involvement from the stakeholders. In order to 
make the ASR initiative realistic and achievable, stakeholders’ needs and desires are 
to be thoroughly understood. Ineffective stakeholders’ engagement may lead to con-
flicts later on. Not identifying what is important to your stakeholders will adversely 
impact the success of the initiative.

11.8.3  Determine How ASR Is Vital to the Organization’s Vision 
and Mission

Being a voluntary initiative, ASR may not get due importance until and unless it is 
included in the vision and mission of the Institute. The leadership team of an Institute 
must devote time and effort to determining the role of ASR in the vision and mission 
statements. The outcome of such an effort will be a steady commitment towards social 
responsibility and would facilitate changes required for implementing ASR.

11.8.4  Recognize and Utilize Quality Management Methods

To put an ASR in place, an Institute would need the following to be put in place:

 (a) A sustainable management system
 (b) A performance framework
 (c) A continuous improvement program
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The quality management principles, methods, practices, and tools will go a long 
way to achieve the above.

11.8.5  Commit to Internal Assessment Methods to Know 
the Effectiveness of Actions

The first step towards monitoring the progress of ASR is to develop and commit 
towards an internal assessment method within the organization which would be car-
ried out periodically. The assessment results will provide critical inputs to under-
stand the effectiveness of the ASR initiative.

11.8.6  Embrace a Framework or Management System Regarding 
Tactical Planning for ASR

A tactical plan will outline what each department/functional area of an Institute 
needs to achieve, how it must do so, and who has the responsibility for implementa-
tion, all with reference to ASR.  Management system refers to a set of policies, 
processes, and procedures to facilitate the achievement of a project’s objectives. A 
management system framework helps in a tactical planning process.

11.9  Need for Quality Assurance in Implementing ASR

Since P-D-S-A can be utilized for the implementation of ASR, it is important to 
develop a quality assurance plan for effective implementation. The quality assur-
ance plan, in fact, establishes the criteria, tools, and procedures for monitoring the 
processes of implementation in line with the aims and objectives, methodologies, 
timelines, budget, etc. A good quality assurance plan will define roles and responsi-
bilities, the methods to assure quality, actions necessary for the management of 
deviation from the goals, and to track and report progress [26]. Once the Institute 
decides to implement ASR, it becomes important that it addresses the quality assur-
ance requirements at the design and development phase as well as the implementa-
tion stage of ASR.  This approach will ensure community engagement and 
collaboration at every stage of ASR implementation.

11.10  Future Directions and Clinical Implications

It is understood that the Academic Social Responsibilities (ASR) or Scientific 
Social Responsibilities (SSR) are included in the policies in many countries around 
the globe, but a proper framework of implementation is widely lacking. Sometimes, 
these social values are overlooked at individual levels at the Institutes due to politi-
cal interference, profit-driven curriculum, vagueness in social vision, and conde-
scending attitudes of academicians. Therefore, all of the above contributing factors 
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must be addressed in order to implement the value of ASR in achieving a positive 
impact on the academic settings. While more studies are warranted to examine the 
relationship of the social determinants with community benefits, it is clear that 
increased openness, training, knowledge, and resource sharing in the workforce will 
induce the elements of social values in the mind of academicians. The clinical 
implications of ASR in the medical Institutes are largely associated with the health 
care system and its valued services. It is beyond doubt that a proper implementation 
of ASR into medical academics will induce long-term social benefits through a 
renewed work ethics. It should be more in practice than in policies, if the country 
thrives to develop a value-driven system rather than profit-driven corporations in 
healthcare for the upcoming generation.
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12Good Laboratory Practices: Lab 
Orientations, Meetings, and Value 
of Communication
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Jaideep Arya, and Neel Kamal Sharma

12.1  Introduction

A Research laboratory is a conventional form of vital and experiential learning, 
which is distinct from other forms of education. In general, research laboratories are 
controlled and regulated workplaces which provide facilities to conduct scientific 
research and experiments. A laboratory contains various sophisticated equipment, 
chemicals, and biomaterials that can be poisonous, flammable, explosive, radioac-
tive, carcinogenic, and may require careful handling to minimize/ avoid injury and 
other associated health risks. The good laboratory practices must safeguard the 
health of research students working in the lab. Along with safety concerns, students 
who are working in the lab must know regarding the storage conditions/ procedure 
of usage and the place of storage of chemicals to work efficiently in the lab. Working 
in a place without having proper knowledge and understanding it becomes quite 
challenging and more time-consuming as compared to working in a familiar place. 
Therefore, to make things satisfying for the personnel working in a laboratory, it is 
essential to orient them about infrastructure, equipment, instruments, chemicals, 
and basic instructions of “how to use” and “how to handle.” Seniors/ lab managers 
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who are already working and managing the lab must share this with them. Besides 
lab orientations, communication, and time-to-time meetings among all the con-
cerned persons, working, and organizing the laboratory are of supreme significance 
for improving the quality of research. To organize the laboratory and to make other 
research-related work more efficient, transparent, reproducible, and qualitative, 
some research laboratories implement Good Laboratory Practices (GLP) [1] and 
Standard Operating Procedures (SOPs) to ensure that all research activities are con-
ducted efficiently and safely [2]. In a GLP system, it is essential to know and imple-
ment the quality management system, integrity, and reliability of the experiments.

Basically, GLP is an accepted method to conduct experiments and related 
operations in non-clinical laboratories ensuring the safety and quality of research 
work with efficient working in a regulated manner. It implies to the phrase “A 
little internal honesty” followed during research and helps in maintaining the 
records by documenting it for future reproducibility, transparency, and auditabil-
ity. It not only includes the experimental part, but also defines the conditions and 
processes of organizations of how to plan, execute, monitor, record, and report 
the laboratory studies. GLP ensures that in a laboratory all the facilities are ade-
quate, including well-maintained and timely calibrated equipment, jobs of indi-
vidual personnel are well defined, and they are trained to do it, data is properly 
recorded, retained, and retrievable, all the documents, inventories, chemicals, 
instruments, and samples are properly labeled, handled, and stored in an orga-
nized manner. The GLP documents should be controlled, which means all the 
changes from the beginning till its archive should be maintained and kept prop-
erly [3]. Many new students who join the research laboratory are unfamiliar with 
this system of laboratory practices. They can be trained with periodic orientation, 
and their learning can be enhanced by encouraging them for discussions, interac-
tions, meetings, and asking questions, which are an essential part of the research 
and development process.

12.2  Lab Orientations

Orientation is a process of orienting, introducing, and directing someone about 
where they are, what they are using, and how to use it in a proper manner. An easy 
example of orientation is training given to new employees or students when they 
first enter their new office, school, college, university, or research lab [4]. To start 
working in a new place with a new idea among new people, the prime thing is to 
know your workplace well with your responsibilities. Orientations give a holdup for 
newcomers with new information, experiences from those who already know, which 
helps in the academic success, personal growth of the newcomers and builds mean-
ingful connections with others working at that place. Further, a well-planned orien-
tation includes two-way communication, and Questions and Answers give an idea 
about expectations, potentials, mindsets, and interests of novices. The most impor-
tant principle to convey during orientation is the commitment to improvement and 
continual learning by the team/supervisor.
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Orientations to beginners must contain the following important points:

• Give a proper introduction of the person who is/are giving orientation.
• Make the beginners comfortable with the building/workplace/laboratory by giv-

ing a premises tour to introduce them to the facilities of the department.
• Introduce them nicely to colleagues/supervisors, and other coworkers.
• Briefly introduce them to the work of every person if necessary.
• Emphasize that they must follow their duties honestly, whenever assigned to 

them. Advise them to follow various checklists and procedures of the laboratory 
during enrollment, experiments, presentations, meetings, conferences, and 
writing.

• Adherence to the standard operating procedure increases consistency and 
uniformity.

• Point of contact should be clearly notified to the student at the time of orienta-
tion, so that they can approach the right person in case of any difficulty and 
confusion, e.g., when and which problem is to be discussed with which member 
of the Institute, department, and laboratory.

• Introduction to code and conduct, i.e., instruction sheets/rules of different prac-
tices, is necessary to get started with new work and workers at the new place.

• Safety and biomedical waste management procedures and policies should be 
described.

• Give them a chance to ask questions.
• Ask them to give their brief introduction, know their interests, ideas, and hob-

bies. Outlining the expectations for both the student and the supervisor is neces-
sary to adhere to all standards.

• During orientation, keep asking them about their experience and take their inputs 
and suggestions for improving the next orientation and overall facilities.

• Ask them to share their feedback or overall experience.
• At the end of the orientation, tell them about the next topics that are necessary to 

orient them before starting work in the lab.

Topics of orientation can be:

• Contact Information Orientation: Names, contact numbers, and email 
addresses of colleagues, coworkers, supervisor, management, administration, 
safety, and security department should be provided.

• Rights and Responsibility Orientation: Every new person should be oriented 
about their rights and responsibilities towards work, the laboratory, and 
their duties.

• Accident/Injury Reporting Procedures and Occupational Health: Explain 
about the procedures to be followed in case of any injury or accident.

• Emergency Procedures and Preparedness: Contact info of emergency person-
nel, escaping plan, signals, sirens, and emergency exit routes, fire extinguishers, 
alarm pull boxes; location for eyewash in case of chemical spillage, fire, and gas 
leak should be explained.
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• Workplace Hazardous Material Information System (WHMIS): Explanation 
of the location, and proper labeling of hazardous substances/chemicals, hazard-
ous symbols including the location and value of material safety data sheet (MSDS).

• Personal Protective Equipment: Importance of PPE, how and when to use it 
should be demonstrated to the students. PPE is anything that can protect you 
from direct contact with infectious agents, germs, and hazardous waste. It 
includes gloves, masks, shoe covers, head masks, gowns, etc. One must take 
precautions before handling infectious fluids, blood, touching waste material, 
and meeting any patient suffering from any kind of infection.

• Hazardous Waste Removal: Hazardous waste should be removed or disposed 
from time to time and should not be stored for a longer period. This information 
should be clear to every individual, and they should know about the associ-
ated risks.

• Biosafety and Chemical Safety: MSDS contains information on all the hazards 
associated with chemicals. Labeling of all the chemicals and its contents and 
associated hazards should be done properly and explained to every person of the 
lab. Below (Fig. 12.1) is the attached format of rules and regulations to be fol-
lowed for chemical inventories.

• Fire Safety: Orientation regarding fire safety management and the use of fire 
extinguishers with a practical demonstration should be given. In laboratories, 
special care should also be taken while keeping the flammable chemicals. These 
are generally labeled red with a flammable sticker. These chemicals should 
always be stored in a flammable chemical cabinet.

• A log register for electrical items like refrigerators, ACs is good to maintain to 
avoid any failure and fire. Everyone in the laboratory must be aware of the near-
est fire alarm pull station, exit doors, evacuation plan, and Institute fire control 
department numbers.

• Following precautions should be taken into consideration while working in the 
laboratory:
 – Before operating any instrument, go through the manual once and be familiar 

with its controls and features.
 – Operate the instrument as per the manufacturer’s instructions.
 – Turn off the equipment after using and when not in use.
 – Before leaving the laboratory, duly check the equipment, ACs, refrigerators, 

and switches.
 – Do not keep flammable liquids near heat-producing equipment, flashpoints, 

and refrigerators (which are not suitable for storing flammable liquids).
 – Avoid extension cords, and if using them, do not make the cluster of wires.
 – Make different cabinets and refrigerators for flammable liquids and clearly 

label them.

A format for research laboratory safety orientation is provided (Fig. 12.2).

Record-Keeping Orientation about the importance of record archiving and differ-
ent ways to keep the records should be given. Students must be aware of the process 
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and benefits of keeping a record of everything they do. The record management 
system ensures compliance, improves efficiency and traceability of data. All the 
members of the lab get complete access to the same information when needed, 
which decreases the chances of non-verbal communication. Good record manage-
ment cuts the costs and saves the time and efforts that one may invest to store, print, 
and find once lost. Formats of an academic log sheet (Fig. 12.3) is shown, which can 
be used in a laboratory for ensuring compliance to GLP and to keep a proper record 
of chemical or other lab resources used while working in a lab.

Rules, regulations, procedures and precautions of the lab and workstation where chemicals are
used or stored:

•      Place and use procedure for hand wash and eye-wash area

•      Place and use procedure for all fire extinguishers (DO NOT use if you don't know how)

•      Place and use procedure of emergency showers

•      Place and use procedure of emergency contacts (phone numbers)

•      Place and use procedure of First Aid Kits along with contents (keep regular check for expiry date of medicine)

•      Place for getting access card/keys

•      Procedure and immediately notify (concerned authority) for reporting of lab accidents and near-misses

•      Place and list of Chemical Safety Manual (both Soft copy and Hard copy)

•      Place of spill kits, when and how to use them, whom to contact

•      Place and use procedure of MSDS, how to use them

•      Maintenance of catalogue and steps for ordering chemicals, supplies, instruments/equipment, cylinders

•      Chemical Barcodes

•      Place and use procedure of emergency alarms- fire, fume hood air flow, emergency notification system, other
       equipment-specific alarms

•      Precautions and procedure of maintaining the Fume hoods

•      Labeling of workplace/workstation

•      Records and procedure of maintaining Gas Cylinders - transferring/moving, storage precautions, health hazards and
       how to return (if rental)

•      Use procedure and precautions of maintaining the liquid nitrogen dewars, frost, cryogenic hazards

•      Precautions and health hazards of harmful reactive compounds, peroxides, oxidizers, toxic materials, corrosives, and
       amines 

•      Use procedure of labeling storing and weighing of chemicals

•      Notify the concerned lab authority for expired chemicals

•      Use and transporting of bottles & location of carriers

•      Use procedure and proper storage/use of flammables, acids, bases, etc.

•      Labeling of Fridges

•      Procedure to dispose of broken glass/sharp containers/flask

•      Contact information for experiments involving harmful/hazardous chemicals (especially when working alone)

•      Understanding of general wet lab safety rules - location and contents

�      Use of safety glasses along with storage locations,

�      Use Procedure of washing solution

Fig. 12.1 Rules, regulation, procedures, and precautions for chemical inventories
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Research laboratory Safety Orientation

I
of
of
Orientation given by

Following points should be covered during laboratory safety orientation:

No eating/drinking/smoking/gum in lab - consumption or storage as well
Avoid Cosmetic application in lab
Washing of hands at designated washing area
Lab coat should not be worn outside the lab
Use procedure of Gloves – when to use, and how to dispose
No earphones in lab
Avoid wearing loose/shorts clothes in lab
Avoid wearing jewelry
Never smell or taste chemicals.
Do not pipette by mouth.
Avoid carrying Mobile phone to workstation/Fume hoods
Wear only closed toe covered shoes in labs
Use procedure of personal protective equipment kits

Signature of PI

Date Date

Presenter’s Signature

Use procedures of respirators (needs proper training)
Security/safety – Do’s/Don’ts
Lab managers should ensure contractors/visitors must follow safety rules while entering

       into labs
Hazards of using equipment -Electrical hazards/Cord fitting
Use procedure and precautions to be taken while working with radiation and laser
Lab committee for prevention of harassment, discrimination, violence and bullying,

       inequality
Policy for working alone/or during holidays
Monthly safety inspections and Feedback /reports
Housekeeping standards
Use of lab Computer/Phone:
Role of lab managers/Seniors
Consequences for non-compliance or mismanagement

working in the capacity
under the supervision

, fully understand the following Safety

Fig. 12.2 Format for research laboratory safety orientation
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These are some very basic and important points, which should be introduced to 
a new person.

Introductory orientation is the beginning of the process of making beginners 
familiar to a new place/work. The cascade of orientation must flow throughout the 
journey until novices reach the expert state. A format checklist that can be followed 
for beginner’s orientation is shown (Fig. 12.4).

Fig. 12.3 Format of the academic log sheet
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Fig. 12.4 Orientation checklist format
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12.3  Different Models of Skill Acquisition

Any beginner, who wants to excel in a particular subject, could either flounder with 
trial-and-error method or seek aid from an expert. When it comes to laboratory 
experiments, it is always the second method that is safe and productive. A skill 
acquisition model describes how learners gain new skills by passing through many 
orientations, communication, meetings, and discussions. In 1980, two brothers, 
Stuart and Hubert Dreyfus, proposed the first model of skill acquisition in the field 
of education and operations research. This model suggested that students pass 
through five distinct stages of adroitness which are: (1) novice, (2) competence, (3) 
proficiency, (4) expertise, and (5) mastery. Each stage is a successive transformation 
of the student resulting in making him/her more intuitive and automated.

Another important point to note is that it is essential for both the learner and the 
trainer/demonstrator to understand the stages of skill development. A detailed 
understanding of skill acquisition stages is essential for the development of an effec-
tive and impactful training/ orientation.

Below is the brief introduction of each stage given by Stuart and Hubert 
Dreyfus [5]:

Stage 1: Novice
This stage of skill acquisition requires no previous experiential background or 
understanding of the laboratory situation. The educator or instructors should pro-
vide detailed step-wise instructions to accomplish a task to the novice under per-
sonal observation. The student is coached to follow the SOPs strictly. Novices have 
very limited knowledge to forecast the forthcoming situation, so the limitations and 
contraindications should be explained in length. It is observed that instructional 
feedback techniques are useful in improving the understanding of the student.

Stage 2: Competence
This is the second stage of the skill acquisition method, which comes with consider-
able experience, where the student is no more dependent on the instructions of the 
expert and has a productive pattern of working. This stage builds a new level of 
responsibility and comfort in the student at the laboratory, resulting in heightened 
experiential learning. An expert should incorporate different methods to make the 
student calm and composed during the experiments as the students in this stage 
generally rely on the SOPs and may have difficulty recognizing the variations in the 
outcomes of experiments.

Stage 3: Proficiency
Repeated practice of the experiments exposes the student to a wide range of varia-
tions in the outcomes. At this stage, the student knows how to deal with the situation 
when it is not going according to the SOPs. This stage enables the student to develop 
a greater sense of salience. In this state, the student needs to understand and respect 
the work of the colleagues, and at the same time, continue to learn more from the 
colleagues and experts.
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Stage 4: Expertise
This stage is the transitional stage on the way to mastery on the field. After gather-
ing knowledge and experience from many situations, now the student reacts intui-
tively and appropriately to the situation by not only performing the task but also 
controlling it. The previous stages were quantitatively increasing the capability of 
the performance, whereas now the student makes qualitative improvement in the 
way he/she performs in a demanding situation.

Stage 5: Mastery
Although expertise is the highest level of the mental improvement process, but mas-
tery is the state when an expert can consciously put all their energy/experience/
expertise into the performance. He/she no longer has to put effort into the process of 
his performance, can effortlessly perform the appropriate action as per the demand 
of the situation. Intuitive links develop between seeing and responding to the situa-
tion in the laboratory. This is the stage where he/she can share their knowledge with 
the novice.

There are two more steps that were not found originally in the report of Stuart 
and Hubert Dreyfus but are pivotal in good research practice.

Stage 6: Decision
This stage is an extension of mastery in which the student has now mastered the 
techniques after an experience of years. The expert can now take decisions regard-
ing the tests and, while guiding the student, is no more in need of taking help from 
the seniors or experts like before.

Stage 7: Awareness
At this point, the student can take precise decisions and perform as if it is their sec-
ond nature. At this stage, the students are allowed to guide their juniors and help 
them improve their skills.

12.4  Communication

Communication domain is a social sphere to subvert the existing standard, and bring 
in new, more productive standards by combining the inputs from interaction among 
diverse minds and become the driver of change to accommodate a new proposition 
[6]. Communication is not only a realization of one’s own actions, but it also gives 
a person new ways to execute plan of actions, if previous one is not working. 
Communication can be verbal or written, formal or informal, and with professionals 
or colleagues. Each kind of communication adds to the existing skills and its impli-
cations in a right manner. Communication among all the individuals involved in a 
particular study is of paramount importance to plan the study effectively, to address 
problems during the study, and to execute the plan as scheduled. Many problems 
associated with studies can be prevented and resolved by effective communication 
among concerned persons involved in that particular study [7].
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For multi-site studies, as well as in a laboratory, where students are helping each 
other in their work, it is imperative for everyone to know about their responsibilities 
and the status of others’ work. Lack and delay in communication can significantly 
harm both the student and investigator, which can further contribute to compro-
mised quality as well as lead to an impeded schedule and hence results.

Despite verbal communication being considered as the preferred procedure for 
discussions, sharing ideas, and troubleshooting problems, newly emerging non- 
verbal means of communication, are now more acceptable because it is an easy and 
not time-bound.

12.5  Activities to Improve Communication Skills

The main importance of communication skills is to develop communique capability 
in prospective researchers so that they can transfer thoughts, information, and ideas 
with precision and clarity. The activities mentioned below will improve a student’s 
communication skills with an emphasis on taming their oral communiqué, both in 
informal and formal situations:

 1. Writing and Reading Activities: Reading, writing, speaking, and listening 
activities should be encouraged among students for their overall development 
[8]. Consistent reading not only improves writing skills but also helps in per-
fecting oratory skills. Reading is a key component for improving both written 
and spoken communication. According to the famous essayist Francis Bacon, 
among the four skills listening, speaking, reading, and writing–reading is the 
most pivotal skill because a reader can rebel the pitfall of listening, speaking, 
and writing in terms of language and understanding. A good reader is always a 
good communicator, and every student is advised to gain good reading skills at 
the earliest [9].

 2. Discussion Activities: Every type of discussion is vital for the progress of both, 
the student and the project. Regular productive discussions with PI, colleagues, 
and coworkers keep the students focused and directed at their work. It is sug-
gested to make a discussion roster of every person in the laboratory, once or 
twice in a week, where the student can discuss about his/her problems, progress, 
ideas, and hurdles that they are facing with the PI. Along with this, they can also 
show their records, results, log sheets, and logbooks to the PI so that the PI can 
ensure GLP adherence by students in the laboratory. Regular discussion builds 
confidence and improves the skills of the students, and upgrades their way of 
thinking, which can prevent them from misunderstanding things in the future and 
excel in their field of work. The template SOP that can be followed for discus-
sion day is given (Fig. 12.5).

 3. Making an Effective Power Point Presentation: Presentation skills are much 
needed to deliver an effective and engaging presentation. Presentation skills 
include the presentation structure, design of slides, body language, good/formal 
dress up and voice tone. Below are some tips to make your slides effective:
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 (a) Effective slides are the robust module of a successful presentation, so “do 
your slides right or do not do it at all” [10].

 (b) Before making a PowerPoint presentation, prepare a story that you want to 
tell to your audience.

 (c) Remove the unnecessary part of the presentation.
 (d) Instead of sentences, lace up it with images, schematics, and structures.

Fig. 12.5 Standard operating protocol for discussion day
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 (e) Make your presentation short and precise.
 (f) In the end, give a clear and precise conclusion and a take away message.

 4. Attending and Understanding Activities: Just like swimming cannot be learnt 
just by reading and observing, in the same way, communication skills cannot be 
developed just by reading, writing, listening, and observing. Constant practice is 
necessary to develop good communication skills, but before practicing, one must 
know what to practice. To get started with the development of communication 
skills, start attending the events and understand them. Students can follow below- 
mentioned activities:

 (a) Attend orientations and other events when they join a new Institute.
 (b) Interact with colleagues and coworkers.
 (c) Actively attend discussions, lab meetings, and orientations.
 (d) Attend academic activities of the Institute, such as Journal clubs, seminars, 

and other presentations.
 (e) Deliver presentations and prepare for it by practicing more

 5. Making a Speech: Choose a topic and a person in front of whom you do not 
hesitate to speak and give a speech on your chosen topic. It prepares you for 
other formal discussions, presentations, and speeches.

 6. Group Discussion participation: Do not hesitate to put your point of view in 
any discussion. Active participation not only helps in generating new ideas, but 
also helps in upgrading knowledge, overall growth and makes discussions more 
productive.

 7. Oral Presentation: Oral presentation refers to delivering your thoughts on a 
specific topic live, in front of an audience. A well-planned and rehearsed presen-
tation gathers the audience’s attention and makes it easy for them to understand 
the message that you want to convey.

 8. Mock Interviews: A practice job interview, which is being held with a profes-
sional, is known as a mock interview. A Mock interview develops an enhanced 
confidence and interview skills [11] .

12.6  Naming and Categorization 
of a Communication Medium

Communication is the act of exchanging information from one person, organiza-
tion, place, or group to another by speaking, writing, showing signs, symbols, pic-
tures, and videos. Etymological meaning of the term “communication” is sharing or 
distributing [12] .

12.6.1  Types of Communication

Mainly communication can be divided into verbal, non-verbal, visual, and written 
communication.

12 Good Laboratory Practices: Lab Orientations, Meetings, and Value…



206

• Verbal communication is a form of communication in which the information is 
conveyed verbally by speaking to someone. The efficiency by which it is under-
stood depends upon the language in which the message is conveyed. In multi- 
linguistic laboratories, verbal communication is less efficient.

• Non-verbal communication is a non-linguistic representation of information. It 
includes body language, gestures, facial expression, and other behavioral clues. 
This medium of communication is less efficient because it contains compara-
tively less or unclear information, and what is being conveyed may not be 
received in the same way by the receiver [13] .

• Written communication refers to sending information in a written form through 
letters, emails, WhatsApp, text messages, master schedules, and log sheets. It is 
an efficient and formal way to put your point clearly

• Visual communication involves the idea of conveying messages/information 
through a visible medium in the form of pictures, videos, graphs, designs, and 
drawings [14] .

Monthly Submission of Master Schedules
Master schedule (MS) is a schedule built in anticipation for planning the work to be 
done till a specific upcoming date. Usually, a 1-month work plan is scheduled by the 
student with a target date of accomplishment and is sent to the study director for 
further modification. It includes the list of assignments, projects, and other commit-
ments. Master schedule is usually sent for a period of month, and compliance is 
assessed by lab meetings and discussions [15] .

MS of the upcoming month should be sent to the study director/PI at the end of 
the previous month. It not only puts your preferences in the notice of the PI, but also 
helps the PI to manage his time for meetings and discussions regarding the work 
schedule. MS also helps the students to accomplish the work in an organized and 
timely manner. The format that can be used to make and adhere to a monthly MS is 
shown (Fig. 12.6).

12.6.2  Categorization of Communication

Communication, i.e., exchange of information, ideas, and thoughts can be done in 
different ways as described above. Every communication between different people 
has a different significance, value, and outcome. We categorize communication and 
its importance with different individuals/committees/groups as below:

12.6.2.1  PI and Student
Experience can make complex things easier and more interesting to do. For the 
execution of a plan and then ensuring consistency, PI plays a leading role. The stu-
dent/research scholar can give a better output if they are directed on the right path 
by productive inputs/ideas and proper guidance. As the project progresses, the next 
step comes with a new milestone, and the level of difficulties also increase. If not 
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given proper guidance and encouragement, disappointments can dominate the 
vision to achieve the goal. Discussing the problems with the PI can be the easiest 
and most efficient way to keep students motivated and to give work a new pace. 
Therefore, it is recommended to never break a communication thread with the PI for 
better progress and to work efficiently.

12.6.2.2  PI and QA
Quality Assurance (QA) assures the GLP adherence, student’s progress, laborato-
ry’s condition, availability of lab resources, inventories, proper use of chemicals 
before they expire, daily/weekly investigation of instruments, and quality. QA is a 
way to impede the mistakes and enhance the quality, hence improving progress and 
outcomes. Discussion/communication between PI and QA person is foremost to 
ensure the quality and fulfill the requirements to maintain the quality of work 
in a lab.

12.6.2.3  Student and Doctoral Committee
In research Institutes, Doctoral committee (DC) consists of a group of experts cho-
sen by the Institute to give suggestions related to students’ projects, to analyze the 
progress, pace of work, scope of doing work, and orient the students in the right 
direction. Because periodic DC meetings play an important role in strategizing, 
implementing, and executing the project, the following points should be followed 
before organizing a meeting:

Fig. 12.6 Monthly master schedule format
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• Visit every member with a copy of your project and ask them for their available 
three dates for meetings.

• Take email IDs and contact numbers of every DC member.
• Keep the meeting on a date when every member is available.
• Make a notice and get it signed by every member before the meeting date.
• Send them a reminder, the venue (meeting link in case of an online meeting) one 

day before the meeting.
• Prepare your presentation well and rehearse in the lab before the meeting.
• Discuss your final slides with the PI before the final presentation.
• Take suggestions from every member and work on them.

12.6.2.4  Student and Student
Learning is the byproduct of a conversation. Whether the conversation is with 
self, internal or external dialogs, or something that we read, listen, observe, inter-
pret, or analyze—we always learn something [16]. Hearing someone else’s 
thoughts on any idea increases the understanding, memory, and observation of 
one’s own thinking. Informal, oral, and friendly conversations among students 
where their thoughts are not monitored by anyone else help in refining and solidi-
fying their thoughts.

Informal communications between lab mates over lunch or tea create a strong 
bonding between them. These communications may involve discussions over mov-
ies/ series, a healthy lifestyle, new restaurants, or news, etc. This refreshes the mind 
and body. Laughter during these hours transforms the whole scenario in the lab.

12.6.2.5  Junior and Senior Student
Senior students are always a storehouse of knowledge, experience, and ideas. 
Learning from the experiences of seniors can make things easier and less time- 
consuming. Seniors guide Junior students throughout their journey for sustainable 
growth and development.

12.7  Value of Communication

Communication at the workplace refines the goals and helps the whole team, includ-
ing coworkers, and helps in collaboration in order to work in a systematic way. This 
fundamental practice/skill establishes a fruitful workforce that can effectively 
encourage team members to work and produce results. Different mediums and cat-
egories of communication that are described in this chapter can help in achieving a 
goal in a much faster, easier, and productive manner. Effective communication at 
the workplace offers several benefits:

• Positive engagement to work
• Keeps the focus on the goal
• Shared ideas and efforts
• Proper guidance
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• Troubleshooting
• Increases the pace of work
• Proper planning and execution.

Confidentiality of Communication and Orientations “Privileged conversation” 
is delivered by one individual to another, without the involvement of a third person 
before, during and after the conversation except when a third person is required as 
the interpreter of language. Privileged conversations are confidential and build trust 
between the speaker and the listener. The principle of confidentiality is about pri-
vacy and respect. For a team to work together and grow together, maintaining con-
fidentiality is a prime factor followed in GLP.

Is Language a Barrier in Communication?
Language is a fundamental method of human communication, consisting of differ-
ent words combined in a standard and organized manner conveyed by speaking, 
writing, and using different gestures. Different countries and even different parts of 
the same country have different languages that residents use to communicate with 
each other. The difficulties experienced in communication by people from different 
regions who speak different languages are known as a linguistic barrier or a lan-
guage barrier. It becomes difficult to communicate when multi-ethnic and multina-
tional students/employees work in the same place. Students struggle to express and 
communicate when working in a laboratory where the students’ first language is not 
used as a communication language. This can also impact the mental health of the 
student and affect their propensity to learn. According to Wittgenstein, “The limits 
of our language” means the limits of our world [17]. In this situation, no-verbal and 
visual communication can act as an adjuvant to help the students adjust and learn.

To overcome the language barrier, PI should ensure that the communication 
should be in plain language, use visual method of communication, repeat the sen-
tence, provide classes to students and be respectful. It can be challenging, but work-
ing with persons from different backgrounds leads to innovation, success, and 
creativeness.

12.8  Lab Meetings

In the twenty-first century, where it is convenient to communicate over mails or 
phone, most of the laboratories across the world still conduct standard laboratory 
meetings. These meetings not only establish and cultivate a laboratory culture but 
also foster a sense of community in the laboratory. Lab meetings are also a platform 
to discuss the progress, pitfalls, problem-solving, and collaborative efforts. Many 
laboratories still follow formal laboratory meetings with one presenter, with a slide 
highlighting the overview, current updates, problems faced, and possible strategies 
to overcome the problems. Though these meetings serve as orientation meetings for 
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the freshers in the laboratory, others may find it to be monotonous and lengthier. 
Many laboratories now-a-days are opting for a more informal meeting, where the 
student brings his lab notes and images and discusses the same with the team with-
out a slide. This technique makes it less intimidating for the presenter and more 
convenient for other members as it reduces the meeting time. Either ways, the stu-
dent gains exposure to new research questions, theories, methodologies, and under-
standing of the unique strengths of the colleagues in the lab.

Laboratory meetings can be either individual meetings or team meetings. Each 
meeting has its own advantages and disadvantages. Individual meetings are generally 
short in duration and are mostly target-oriented based on weekly reports. The main aim 
of these meetings is to address the immediate concerns and allow the flow of work 
without any hindrance. Other members of the lab may not be familiar with the project, 
and as a result, the student may feel isolated in their project. On the other hand, group 
meetings are difficult to schedule as it requires everyone in the laboratory to attend 
them. Moreover, for many senior lab members, these become monotonous as men-
tioned above, while junior members look forward to these as means to learn and com-
municate. There are a few other categories of meetings, which will be discussed further.

Laboratories generally have their monthly master schedules, including group 
meetings, presentations, Journal club presentations, abstract, and poster sessions. 
Individual meetings are often not listed in the master schedule and are done to 
address immediate challenges in the lab.

12.8.1  Meetings Matter-Effects of Team Meetings on Team 
and Organizational Success

Team meetings are indispensable as they promote the success of the team members as 
well as the organization. During meetings, the expertise of individual team members 
can help in the development of new ideas, new protocols, new decisions, and sugges-
tions which can change the process and can increase the progress rate. Regular meet-
ings to discuss the progress, hurdles, work reports, and shortcomings can be organized 
in each laboratory to tap the potential and to enhance the efficacy of work and hence, 
the output. As suggested by Liker and Meier, meetings and discussions are the vitals 
of continuous progress. Knowledge of one person can be used for the growth of 
another person and vice-versa [18, 19]. There is a lot of difference between planning 
and executing, as these processes may be influenced by the availability of resources, 
guidelines, support, and many other factors. To streamline the execution and planning, 
communication acts as a bridge between the project investigator and the manager 
(usually research fellow, project assistant, research associate). Throughout the imple-
mentation stage, the knowledge level of both, the project investigator and research 
fellow changes over time as the work progresses. If both of them do not discuss about 
the changes, progress, and limitations, it becomes difficult or challenging to further 
continue and complete the project at the scheduled time points. In a similar manner, 
these communications can be turned into discussions and meetings with more experi-
enced persons, as persons who are involved in the project may not have enough 
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knowledge or ideas to continue with the work, and the other panel can give a better 
insight towards the same plan [20] . Time-to-time meetings (weekly meetings) build 
morale, identify small problems before they become large, identify good ideas earlier 
rather than later, share information and training with all the staff, communicate key 
issues and try to find solutions for them.

A key part of meeting is making “meeting minutes.” Minutes, also known as notes, 
are instant written records of a meeting, which typically describes the events and discus-
sions of meetings along with the list of attendees, absentees, statements of each indi-
vidual regarding their work, statement of the issue being considered, and related 
responses or decisions for the issue. Each minute (note) is intended to remind the readers 
of a decision that was reached and actions that should be taken as a consequence. The 
main purpose of minutes is to provide a public memory for a group and to assess their 
successive growth and record problems and progress alike. The standard operating pro-
cedure (SOP) for conducting lab meetings for assessing the progress of researchers in 
the laboratory and for planning the further progress of work is given (Fig. 12.7). This 
SOP is being used in Neuroscience Research Lab, PGIMER, Chandigarh.

12.8.2  How to Run a Successful Meeting

For a successful meeting following points should be considered before starting a 
meeting:

 1. Scheduling a Lab Meeting
Generally, lab meetings are weekly. However, it can be tailored as per the need, 

workflow, and lab experiments. The PI may have a rigid schedule on a particular 
day and time, or it can be fixed as per the convenience of the team. It is advised to 
keep meetings at a particular time of the week or month as per the need.

 2. Duration of the Meeting
One to one and a half hour seems to be an average lab meeting time, although 

some meetings may last upto 3 h depending on number of students. The first 15 min 
are to review the decisions and implications of the last meeting, the next 30–45 min 
are to review the data and updates of the project, followed by 15 min of brainstorm-
ing over the possible solutions. Generally, most of the decisions are taken at the final 
minutes of the lab meetings. It is always advised to keep the meeting shorter.

 3. Agenda of the Meeting
Setting up an agenda is a work of dexterity, keeping realistic goals and the 

time allotted for the meetings. The meeting agenda should be circulated prior to 
the meeting to all the members attending, not only to give direction to the meet-
ing but also for setting expectations for the members attending the meeting. The 
agenda should accompany the materials to be discussed. For example, if it is a 
paper presentation or a Journal club, the paper to be discussed shall be shared 
with the attendees prior to the meeting. The agenda should also assign roles to 
the attendees, including a moderator, a presenter, a timekeeper, and a note-taker. 
This helps in making the most out of meetings in a more efficient way.
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 4. During the Meeting
In lab meetings, time management should be given a high priority as most of the 

attendees might have come to participate, keeping their work aside. The meeting 
should start and continue as per the pre set agenda and end in time. The seniors or 
the PI should keep a track on the flow of the discussion and try to keep it focused in 
order to arrive at a conclusion. Everyone should participate in the final discussion.

 5. Summarizing and Sharing the Minutes
After the discussions and the decisions, the PI or senior lab members should 

summarize the discussions, decisions, and future implementations. The presenter 
may then make a “minute of the meeting” and circulate the same after getting it 
checked by the PI. Sample draft of the meeting is attached below (Fig. 12.8).

Fig. 12.7 Standard operating procedure for lab meeting
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Fig. 12.8 (a, b) Formats for making lab meeting minutes

a
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b

Fig. 12.8 (continued)
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 6. Follow-Up of the Implementation
The decisions taken in the meeting should be followed for smooth functioning 

of the laboratory and should be reviewed periodically by the senior members and 
PI. The same also can be discussed in the first 10 min of the next meeting.

12.8.3  How to Make the Most Out of a Lab Meeting

The lab meetings can help students in skill acquisition and widen their knowledge 
by introducing new theories and methodologies. The student should follow 3 P’s to 
make the most out of these as below

 1. Prepare for the Meeting
The student should go through the agenda and the materials shared for the 

meeting and accordingly read the background of the study, recent research 
papers and articles. He/she should make a list of questions and additional infor-
mation regarding the topic. If given the role of a moderate or a note-taker, the 
student should also be prepared for the same.

 2. Participate in the Discussions
The student should try to make the most out of the meeting by participating in 

the discussions, asking questions, sharing their knowledge based on the prepara-
tion done prior to the meetings. A healthy discussion regarding the topic being 
discussed is always rewarding. He/she should always try to contribute to the 
meeting, instead of just sitting and observing.

 3. Present or Moderate a Meeting
Presenting in laboratory meetings gives a platform to gain confidence for pre-

senting in workshops and conferences. Moderating a meeting also requires a lot 
of preparation and understanding of the subject. The more a student takes these 
roles, the stronger his/her public speaking qualities become.

12.8.4  Importance of Lab Meetings

The purpose of lab meetings is to establish a lab culture that infuses accountability 
to lab activities and share new ideas. It is a good platform to practice communica-
tion skills, enhance decision making and problem-solving besides maximizing the 
success of all projects together, sharpen critical thinking, and to celebrate the 
achievements of the lab. Lab meetings play a key role in developing enthusiasm, 
working spirit, new ideas, and new knowledge not only in the students’ particular 
fields, but also in the relative fields in which other students are working. In meetings 
students should not hesitate to ask anytime, “I did not understand it, can you please 
explain again?”.

Problem-solving interaction and action planning are significantly more satisfac-
tory when discussed with the other members and especially with the expert in that 
particular field in their meetings. Better meetings are associated with a higher team 
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productivity, hence greater results, and better efficiency. Therefore, regular meet-
ings and discussions shape both the team and the organizational outcomes by add-
ing more value to the quality of work [21]. During the meetings, students self-evaluate 
themselves and also evaluate the other person (in case of a one-to-one meeting) or 
persons (in case of group meetings) on the basis of previous meeting minutes.

12.9  Challenges and Opportunities in Operationalizing 
Periodic Lab Communication Activities

Problems of communication are quite common in multinational and multi-lingual 
international labs, especially when students or workers come from different regions 
with different nationalities and have different training, qualifications, or knowledge 
levels. Operationalizing GLP and its vital component—communication, becomes a 
hurdle and a matter of concern in such laboratories due to the above-mentioned fac-
tors, and these hurdles are further compounded as GLP is not widely practiced in 
other laboratories. Even in the laboratories which do not follow GLP regulations, 
these hurdles can be overcome by implementing scheduled, formal, informal meet-
ings, orientations, and discussions within and without laboratories and also between 
the principal investigator and the research fellows. In addition to these hurdles, dys-
functional communication such as complaining, criticizing others, and tattling 
impart a negative effect on growth and act as an adjuvant for further barricades in 
progress, which should be avoided.

12.10  Interactions That Help in Training the Students 
to Practice Their Skills

12.10.1  Formal Presentations

A presentation represents how we perceive and process the information. Presentations 
give new students an opportunity to receive suggestions and new insights. Presenting 
data clearly and efficiently sometimes becomes quite challenging for students. We dis-
cuss some essential points for effectively presenting the data. The presentation should 
be understandable and well-structured and should be delivered in the given time slot.

Every presentation should start with a title page containing the name of the topic, 
the presenter’s name as well as the date on which the presentation has been given. 
Headers and footers should be included as appropriate. The presented information 
should focus on the main agenda and should be presented point by point rather than 
in a paragraph. The presentation should include images and flow charts for ease of 
understanding. The presentation should focus on and cover major areas related to 
methodology, results, discussions (can include result gaps, ongoing clinical trials (If 
any), successful clinical trials, If any, and conclusion. Other data such as calculations 
and raw data should be presented in the back-up slides (shown when requested). The 
use of study-related audios and videos in the presentation makes up for better 
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understanding. For the sake of improving the quality, peers, and the supervisor 
should review the final presentation, and the comments should be addressed appro-
priately before sharing the presentation with the attendees. The pre- knowledge, pres-
ent scenario and the foreseen outcomes should also be clear from the presentation.

12.10.2  Abstract/Poster Session

An Abstract and Poster session is the best way to represent your work and yourself 
to the peer scientists and leaders. The visual presentation should include only rele-
vant and organized text, fine pictorial quality pictures, and a clear background. The 
visual impact of the poster should be imperishable.

The information should be presented in a fluent, clear, and rhythmic manner. The 
information flow should be logical and facilitate interpretation. During the presenta-
tion, the use of gestures by the speaker plays a pivotal role in engaging the listeners 
and should be used as often as possible. Presentations during conferences can be 
rehearsed in front of the lab mates in order to feel more confident and to overcome 
nervousness. Group discussions and constructive criticism always improve the per-
formance of the students. A successful presentation requires collaboration and 
inputs shared by the teammates. The unique ideas exchanged between labmates can 
encourage brainstorming.

12.10.3  Journal Clubs

In order to keep one’s knowledge updated, the role of Journals clubs is of immense 
importance. The publications based on recent researches in various parts of the world 
should be discussed. It will encourage the new students to lay a firm foot in presenting 
their own innovations and researches to the other colleagues in the lab. It will not only 
help in implementing new ideas, but will encourage others to achieve more.

12.10.4  Progress Update

For continuous performance and, eventually, success, the “4A” rule can be fol-
lowed, which is :

 1. Action
 2. Activity
 3. Accomplishment
 4. Advancement

The weekly report must include the “4A” rule as a weekly planner. The real-time 
weekly progress report helps meet the deadlines and increases the output of the lab. 
It also helps in knowing what is going on and where one can need help in his/her 
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work. The weekly update turns the actions into accomplishments. Preparing a 
weekly report is one of the successful habits for many research labs. It will also help 
in the preparation of experiments planned for the progress of the work. Further, hav-
ing knowledge and information regarding lab mates’ work, experiments having the 
same material and method (RT-PCR, Gel Electrophoresis, etc.) can be planned and 
can be run together to save time and chemicals. This will also help in the timely 
analysis and compilation of the experiments.

12.11  Role of Yoga in Better Understanding 
and Communication

Yoga helps in better understanding and communication, because it has an immense 
power to relax the mind, increase body awareness and relieve stress. It focuses on the 
anatomy of the body psychologically and physiologically [22]. A positive attitude, 
organized thinking, and logical approach come naturally to a yoga learner. Yoga 
practiced daily gives one a disciplined approach towards work and life. To inculcate 
Yoga and meditation into the students’ routine by a practical approach will help in 
better understanding, self-regulation, mindfulness, stress reduction, communication 
and will improve their academic performance. The Yoga protocols must be consid-
ered in orientation programs for new students in order for them to have peace from 
within and to help them lead a stress-free life even with a busy laboratory schedule. 
Many studies have reported that Yoga helps in focusing and in improving communi-
cations skills, performance, sleep quality, and stress reduction in the students who 
practice Yoga every day [23]. Some stretching and loosening exercises can be prac-
ticed during work. For relaxation, a small meditation break can be done. Practicing 
Yoga together provides synchronization and team experience. Practicing yoga 
together teaches teamwork ability to manage stress, patience, and adaptability.

12.12  Future Directions and Clinical Implications

This chapter explains how the communication barriers between students and the PI 
can be overcome by implementing GLP in research laboratories. Orientations, 
meetings, and communication strategies have been described in a systematic way in 
this chapter, which may be used as a template to administer in new laboratories or 
in already established laboratories to train new students and employees so that the 
clinical translation can be successful.

12.13  Conclusion

Well-defined communications, well-explained orientations, and regular lab meet-
ings play a pivotal in building the GLP in a research laboratory. These ensure the 
management, progress, and success of the lab and keep the researchers’ morale up. 
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From time-to-time, supervising officials and guides help in establishing and main-
taining a cordial relationship with others at work. All the seminars, workshops, ori-
entation programs, refresher courses, poster presentations help in exchanging novel 
ideas between the lab mates, and the timely appreciation of the result-oriented 
researches induces the zeal to work more efficiently.

Orientation and meetings are important tools to make a beginner understand 
about work and the workplace, in which lab meetings and communications act as 
catalysts to keep a student oriented about their goals. Therefore, time-to-time orien-
tations, regular lab meetings, and continuous communication collectively serve as 
paramount factors of GLP. This will make great development in improving the stu-
dent’s learning experience.
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13Role of Data Digitization on Data 
Integrity

Kanupriya Sharma, Vyas M. Shingatgeri, and Surinder Pal

13.1  Introduction

Data integrity is defined as the form of data in which it is accurate, complete, con-
sistent, trustworthy, traceable, permanent, and available throughout its lifecycle. 
Data integrity provides confidence and assurance that the data is generated in com-
pliance with applicable dynamic standards. Data integrity includes prompt, diligent, 
and legible data recording, which allows data to be valid and accurate. Inadequate 
records can develop difficulty in generating project outcomes, cause rejections in 
research publications, and delay the patent filing process. Adopting quality systems 
in research will motivate one to follow GLP (Good Lab Practices) principles which 
are the virtues of good science. As stated by NIH that “Good science requires good 
record keeping which promotes both accountability and integrity in research” [1]. 
Data integrity, the most essential and critical component of the quality system, can 
only be ensured by a mechanism in which the scientific data is captured promptly, 
diligently, and appropriately documented, stored, witnessed, and archived safely 
and securely.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-16-3074-3_13&domain=pdf
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A survey by Nature in 2016 reported that in biology alone, over 70% of the 
researchers were unable to reproduce studies of other scientists, and about 60% 
were not able to reproduce their own findings [2]. One of the major drawbacks 
of lack of research reproducibility is the insufficiency of access to raw data, 
methodological details, and research material [3]. The reasons attributed to this 
could be improper documentation, not following the standard operating proce-
dures (SOPs), either due to lack of it or for insecurity induced by competition. 
However, it should be noted that this can be avoided only if the organization sets 
in good quality systems rather than depending on individuals. Certainly, the 
scientific knowledge is of immense importance but if the same is not docu-
mented as per the quality systems, then this will lead to the repeatability of the 
similar experiments that were done and standardized by the previous research-
ers and would lead to the failure as mentioned above. Hence, the quality of data 
certainly depends on the systems adopted. Thus, GLP principles, if followed in 
a research lab or made obligatory, will certainly minimize data integrity issues, 
and data can be handled efficiently by following various mechanisms to identify 
and eliminate the age-old practices that have affected this. Therefore, this neces-
sitates a GLP system wherein all the studies/research are performed in an orga-
nized fashion with thorough planning, with a diligent and prompt recording, 
appropriately reporting with the amendments made or deviation with proper 
documentation, and securely archived or stored.

GLP for non-clinical labs has been developed with guidelines set by the OECD 
and the FDA in federal regulations [4]. GLP refers to a management system to 
ensure that experiments and operations provide reliable, consistent, and reproduc-
ible results under safe conditions. Implementation of GLP in research labs would be 
a great initiative as one of the fundamental purposes of GLP is to promote the qual-
ity and integrity of data in experiments and research by encompassing who, what, 
when, how, and where of a research experiment.

With the advancement of information technology, the integration of digitaliza-
tion into the laboratory is also flourishing. Data digitization can be defined as the 
processes which are required to manage the data into digital format, whether the 
digitally generated data, i.e., acquired directly (e.g., email, word doc, excel spread-
sheet, e forms, etc.) or has been transformed from hardcopy (e.g., scanned docu-
ments). Data digitization can improve the efficiency of processes involved in 
maintaining data integrity like capturing documents and data at the point of origin, 
eliminating transcription errors, implementation of electronic workflow processes, 
creation of audit trials, implementation of security protocols, creation of one source 
of data for each document, improvement of accessibility of information and also the 
integration of quality systems from top to bottom. The primary purpose of 
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digitization is to ensure a solution that would bring significant improvements in 
productivity and quality. Of course, regular monitoring of the processes and systems 
goes without saying.

This chapter discusses integrating the quality system (GLP) with a special refer-
ence to data digitization in academic research through the data management tools 
that maintain data integrity.

13.2  Data in a GLP Lab

Studies or experiments can be invalidated solely on the laboratory’s deficiency to 
adequately and honestly document experimental studie’s conduct. This makes it 
necessary to operate a laboratory under GLP regulatory requirements to ensure 
quality by adequately identifying, recording, and retaining the data to ensure integ-
rity. As an old thumb rule says, “if you did not write it down, you could not claim to 
have measured it,” which applies to how, where, and what is required to be written 
down to claim to have measured it. In other words, “if you have not documented, 
then you have not done”/OR “If there is no documentation, things have not 
happened.”

Enormous data is being generated in any research laboratory. Hence, it becomes 
an essential task to manage the same for a meaningful outcome, and this is possible 
only when the data set is consistent, accurate, and appropriately documented to 
provide confidence and ensure repeatability and reproducibility. Thus, if the research 
labs are also operated under GLP, the raw data and the metadata generated will be 
trustworthy, dependable, and reliable. This is because the documented data covers 
all the processes, not limited to the record of the chemical receipt or to the usage of 
the instruments at the time of the experiment. Following GLP principles ensures 
every step’s documentation, right from planning to the performance, that encom-
passes recording, reporting, monitoring, and archiving. Every step in the process is 
defined so that the amendments are made on a scientific basis or otherwise, and if 
the deviations occur, these are recorded with reason and impact, if any, on the out-
come. Thus, GLP encourages researchers to organize their work and perform in a 
way that promotes the good quality, science, and validity of the data generated. 
Therefore, it requires every researcher to be responsible/accountable for the organi-
zation and the work undertaken and the data generated in compliance with GLP so 
that the data generated is reliable, repeatable, auditable, and recognized globally by 
the scientific community. Figure 13.1 provides a schematic of what and how data is 
recorded in a GLP compliant lab.
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13.3  Life Cycle of Data

Data is the most valuable resource and hence an asset of research. The various 
sequence of stages from the initial generation to its archival defines the life cycle of 
data, Fig. 13.2 shows the various stages of the life cycle of data. The cycle starts 
with the generation of data, followed by data collection, not all the data created is 
collected defining a filter on the data that we generate, this is a real challenge as 
huge data is generated and organized, and analyzed to arrive at a logical conclusion 
which requires efficient data management. In the process of data generation, there 
is every chance of losing an important aspect of the data, and, therefore, data integ-
rity, being an essential component of the quality system, ensures reliability. The 
data collected is then processed, including several steps from cleaning, formatting, 
data compression for efficient storage, data translation for the conversion of  paper/

Experimental raw
data eg spreadsheets,

analysis sheets etc.

Standard Operating
Procedures of each

experiment and
record keeping

Data Recording Sheets
to document the entire

experiment

Data in a
GLP lab

Archived records

Records and
reports data

Chemical reagent
and equipment

receipt and
shipment records

Equipment manuals
and their calibration

records

Chemical
inventories, logs of

each chemical MSDS
of chemical and

Reagents

Fig. 13.1 Type of data generated in a GLP compliant lab. Maintenance of data in this format 
allows easier and convenient workflow in a laboratory. GLP documentation practices also generate 
enough evidence of the data to ensure its integrity and reliability. GLP, good lab practices
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document data into digital form, and data encryption for security. After processing, 
the same needs to be stored and organized; storage is made as bits of data converted 
into memory for efficient retrieval. After storage data has to be managed into differ-
ent data types, depending on its heterogeneity, increase the ability to access and 
modify data for subsequent analysis, including the statistical techniques or algo-
rithms applied to interpret inferences from the data. A scientist could make a new 
discovery; a new policy could be developed for the community’s future. These 
inferences could help in the advancement of research and development. After the 
inferences being drawn from it, it must be archived to ensure its integrity and repli-
cability. Each phase of the data lifecycle is crucial for data integrity. Most research 
labs do not have a stringent rule for maintaining data, which questions the data 
generated and published by these labs. Following GLP guidelines in research labs 
would ensure the reliability of the data generation process, and this would also pre-
vent data falsification and manipulation practices at any stage of the data life cycle.

Data
generationData archive

Data analysis Data
collection

Data
Processing

Data
management

Data
storage

Fig. 13.2 Life cycle of data in an academic research lab

13 Role of Data Digitization on Data Integrity



226

The entire lifecycle of data highlights the importance of using data responsibly, 
addressing privacy and ethical concerns. Loss of data and data integrity infringe-
ment may occur during the data life cycle due to the following conditions:

• Human error
• Usage of a non-validated computer system to acquire and process data
• Lack of adequate review of original records and data
• GLP-based principles are required to be followed to overcome these shortcom-

ings of data

13.4  Principles of Data Integrity

Good Documentation Practices are essential to ensure data integrity, a fundamental 
component of GLP compliant research lab [5]. The fundamental principles for 
maintaining data, either electronic or paper-based, are summarized by the acronym 
ALCOA and ALCOA+. Table 13.1 summarizes the ALCOA and ALCOA+ acro-
nyms [6]:

ISO (International Organization for Standardization) based recommendations on 
digitization of data: ISO/TR 13028:2010 [7] in the year 2010 recommended guide-
lines for digitizing records for establishing standard maintaining records digitally, 
which were developed to be used by all the organizations to undertake digitization 
process for record management purposes.

ISO 13008:2012 [8] in the year 2012 ISO specified the planning issues, require-
ments, and procedure for converting and migration of digital records keeping the 
authenticity, reliability, integrity, and usability of the documents, which guides to 
convert records from hardware to software configuration.

Table 13.1 Tabular representation of principles of data integrity ALCOA and ALCOA+ as pro-
posed by FDA

Principle Meaning
Attributable The source data is identifiable: who/when created a record and who/

when/ why changed a record
Legible Information is clear and readable
Contemporaneous Data is recorded at the time of data generation and/or event
Original/True copy Availability of source information in its original and true form
Accurate No errors and editing without documented amendments

ALCOA+ Meaning
Complete Data is recorded, including repeat and reanalysis performed
Available Availability and accessibility of the data at any time for review or audit 

and for the lifetime of the data
Consistent Constant application of harmonized documentation
Enduring Retrievability of data during its entire lifetime
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13.5  Need of Digital Transformation

Researchers’ fundamental obligation is to ensure data integrity by maintaining the 
verifiable accuracy of data, analyses, and conclusions. It has been surveyed that 
many of the researchers and academicians fail to provide the complete raw data of 
their findings when asked for [9]. This clearly indicates either the data has not 
been generated or is not available, and this brings in the credibility of the research-
ers and highlights the integrity of the data generated in academic research. Thus, 
it brings a pertinent point of appropriate training of the researchers and under-
stands the importance of the quality systems in academic research to improve 
credibility and acceptance. It is agreed that every researcher has great in-depth 
scientific knowledge but fails to understand that GLP brings in good science in 
whatever efforts and hard work in academic research. Though good documenta-
tion practices are considered a burden, it is an essential component of GLP as it 
brings in greater transparency and helps one introspect and identify the exact 
reason behind the failure to achieve the objectives despite sincere efforts. Such 
training can be digitally facilitated by a learning management system that trains 
and qualifies every researcher on their standard operating procedures and the daily 
routine. This also ensures when a refresher training needs to be carried out with 
attending amendments and deviations. GLP system is well established in the com-
mercial labs and a few national test labs, but it is yet to be installed and accepted 
in research labs and academia. The voluntary establishment of the GLP system in 
the research lab can bring responsibility and accountability and generate authen-
tic, reliable, consistent, and auditable data, thereby increasing acceptance by the 
global community. Once the research lab commits to be a GLP system, it will 
establish the systems and processes that will remain when people move and make 
things easier to follow to enhance productivity.

Current practices in most laboratories include manual entry or paper data, and 
hence documentation of such massive data by people can bring in a lot of tran-
scription errors and generate a lot of documents that include all the records right 
from planning to archiving. Such data is now being converted into electronic data 
by scanning and storing both physical paper data forms and electronic format. 
Handling and maintaining documents in a GLP compliant system can be made 
more comfortable with the implementation of information technology as with the 
development of cloud computing or similar systems wherein the data can be col-
lected, easily handled, and stored, maintaining its integrity ensuring data security 
[10]. Digital data also provides easier access to manage and eases its verification, 
discovery, and evidence generation. However, digitization also combines the chal-
lenge of massive data generated, especially in a laboratory where everything is in 
electronic format and the digital systems directly acquire all the data. This is 
because the analysis of such data is a huge task and mind-boggling, and needs 
software that helps make the logical conclusion of the data generated. Addressing 
these big data analysis issues would also require the regular on-site validation of 
this software.
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13.6  Efficient Digital Data Management Infrastructure

The development of efficient data management infrastructure is an essential aspect 
of digitization in research. Customized standard procedures need to be developed to 
digitize different categories of data generated in research, enabling researchers to 
streamline their research work alongside maintaining the fidelity and quality of 
research by maintaining data integrity. Below we provide an array of data manage-
ment infrastructure that constitute the GLP system, and we also discuss the merits 
of their digitization:

Chemical Log Sheets and Inventory Digitization Inventory maintenance is one 
of the essential things to run a research lab smoothly. Monitoring the supply of 
reagents, consumables, lab equipment, and instruments can help check a record of 
lab requirements, thus increasing productivity and reducing costs.

Figure 13.3 depicts a representation of a log sheet developed for a particular 
chemical/reagent which is commonly used in research labs.

Merits of Inventory Digitization With all the information about the location, 
expiry date, lot number, and details about the consumption of reagents and chemi-
cals in an organized system makes it easier to retrieve, restock, and maintain a 
record of details of consumption of reagents, Fig. 13.4 represents a reference of 
manual inventory update. Digitized log sheets and inventories on the server, which 
are accessible to the lab members, allow accessibility to find the product with its 
location in the defined inventory. Digital update of the inventories allows the user to 
keep a track of stocking the level and locations of organizing the burden of inven-
tory management.

Temperature Mapping of Ultra-Freezers Preservation of biospecimens in ultra- 
freezers is considered critical for reliable and reproducible results in genomics, pro-
teomics, and other assays, but their quality can deteriorate with temperature 
variability within the storage units. Hence ultra-freezers require a daily record of 
temperature to ensure no temperature variability. However, most of the laboratories 
use data loggers that provide a good source of information, and all of these are 
either connected to a building management system that sends alarms to the security 
officers, the researchers on their cell phone if there in case of emergency.

Merits of Digital Temperature Logs A calibrated digital temperature logger will 
generate more accurate, useful, and reliable temperature recordings than manual, 
along with saving time and resources.

e-Lab Notebooks (Electronic Lab Notebooks) Documentation of experiments and 
their details in the lab is critical and essential for data generation in research. In most of 
the labs, this is performed on paper notebooks. With digital advancement, e-Lab note-
books have been introduced and currently in use in many GLP laboratories.
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Merits of e-Lab Notebooks e-Lab notebooks would provide advanced data 
sharing, flexible lab data organization with easier search through keyword 
search. Data presentation will also be easier to be understood in the e-Lab note-
book format.

Fig. 13.3 Transcript of log sheet developed for a GLP compliant research lab
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Fig. 13.4 The manual inventory update followed in a GLP compliant research lab. In a research 
lab, inventories can be managed by students by performing the role of the store in charge for the 
smooth functioning of the lab. Regular updates and management of inventory are required to be 
done with review by QA and Management
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Camera Recordings Video recordings provide the origin of data, which otherwise 
cannot be ensured as it is only known to the user present at the time of experiment 
and knows about the source of data.

Merits of Camera Recordings Camera surveillance with equipment/instrument 
accompanying the primary data validates the data origin process, which could be an 
alternative to manual inspection.

Master Schedule Master schedule is the planning of tasks and experiments into 
scheduled charts and details. Anticipated planning of the tasks allows smooth work-
flow and is also a guide for the laboratory in charge or the supervisor who has access 
to this to evaluate the workload and understand how much can be achieved in a 
given period and what needs to be done to provide help if deemed essential. This 
becomes handy for the researchers to promptly complete the task and allows them 
to document the reasons if things are pending and are not completed.

Merits of Digital Master Schedule Digital master schedule would allow the lab 
members to access other lab members’ master schedules and plan their work in an 
extremely convenient manner allowing the experiments to be completed smoothly 
in a planned program. Digital access to other lab member’s master schedule allows 
planning to be more precise as this would avoid overlap of timings for equipment 
usage. For example, if one lab member has planned his/her experiment on the use of 
the florescent microscope for a particular date and time, others in the lab can plan 
their work as per this schedule so that there is no overlap of timings and interruption 
at that time.

Master Coding Master codes are like a barcode of a document, specimen, or sam-
ple. They are developed to identify the location of the sample/ document, sample 
disease, personnel responsible for that document/ sample. They are actually consid-
ered a sample characterization document and provide all the relevant and useful data 
for the researchers. Figure 13.5 depicts a sample master coding as a reference for a 
research lab.

Merits of Digital Master Coding A standard digital interface of the master coding 
format would allow the lab members to identify a coded sample or document with-
out going through the pages of documents to scroll down its identity. It also helps in 
using the right model for an appropriate experiment and its identification.

Chemical/Reagent/Equipment Receipt and Shipment Record A record of 
receipt and shipment must be maintained to verify the goods’ receipt and ascertain 
its shelf life. They can be placed at their desired locations in order Logbook and log 
sheets are developed as is applicable for resources utilized in the laboratory, includ-
ing the equipment, machinery, pipettes, etc.
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MASTER CODING

Form of Disease

TYPE OF SAMPLE

Species

Disease/Sample Type (Human)

1.   HUMAN
2.   MICE
      STRAIN
3.   RAT
      STRAIN
4.   MONKEY

01.   PARKINSON'S DISEASE
02.   ARMD
03.   ALS
04.   STROKE
05.   ALZHEIMER DISEASE
06.   ATAXIA'S
07.   MUSCULAR DYSTROPHY
08.   TUBERCULOSIS MENINGITIS
09.   NEUROCYSTICERCOSIS
10.   RETINAL DEGENERATION
11.   SPINO MUSCULAR DYSTROPHY
12.   FAMILIAL HEMIPLEGIC MIGRAINE
13.   LEUKODYSTROPHY
14.   DOPA RESPONSIVE DYSTONIA
15.   FRONTOTEMPORAL DEMENTIA
16.   PICK'S DISEASE
17.   CORTICO-BASAL DEGENERATION
18.   PROGRESSIVE SUPRANUCLEAR PALSY
19.   NEUROFIBROMATOSIS TYPE 1 & 2
20.   MENTAL RETARDATION 1
21.   WILSON DISEASE
22.   X-LINKED MENTAL RETARDATION AND MICPCH
23.   FRAGILE X SYNDROME AND MANTEL RETARDATION
24.   CHARCOT-MARIE-TOOTH DISEASE
25.   DYSLEXIA
26.   EPILEPSY
27.   ANEUPLOIDY 
28.   PRENATAL MICRO DELETION SYNDROME
29.   ANTERIOR CRUCIATE LIGAMENT (ACL)
30.   HUNTINGTON DISEASE
31.   YOGA
32.   SPINAL CORD INJURY
33.   PRE DAIBETIC
34.   ORAL CANCER

FOR EXAMPLE
JUVENILE: α
YOUNG:β
ADULT ONSET: ϕ
LATE ONSET:$
SPORADIC: *
FAMILIAL: #

Patient/ Sample Number
001-999
Follow Up Sample Number
F001-F999

01: PLASMA
02: SERUM
03: LYMPHOCYTES
04: DNA
05: RNA
06: PCR PRODUCTS
07: cDNA
08: CSF SAMPLE
09: BIOPSY SAMPLES
10: AUTOPSY SAMPLES
11: VITEROUS
12. HOMOGENATE
13. CELL LINE

ALIQUOTS
A,B,C,D

SCHOLARS
01: ABC
02: DEF
03: GHI

Disease MODEL (ANIMAL)

GLOBAL                  01
MCAO                      02
NMDA                      03
LASER                     05
6-OHDA                    06
MEMORY-AB           07
PPA                          08
OPTIC NERVE CRUSH            09

Categories in animal/human sample
Human sample:
A- TEST (A1=PRE; A2=POST),
B -NORMAL CONTROL,
C- NEUROLOGICAL CONTROL;
Animal sample:

A- CONTROL
B- DISEASE
C- DISEASE+ VEHICLE

D- DISEASE+ TREATMENT

E- SHAM CONTROL
F- PER SE

Fig. 13.5 A sample of master coding of various kinds of samples being used in a research lab
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Merits of Digital Receipt and Shipment Record A digital record of lab 
 consumables provides access and updates to each of the lab members about every 
new chemical’s receipt and location. Digital record-keeping of every minor use of 
chemicals/reagents is also maintained digitally on a more manageable platform. 
This is mainly for resource-starved labs.

13.7  Paper to Bits: Conversion of Paper Documents 
into Digital

Digitization is a digital transformation process where data can be recorded into 
discrete binary units of bits and can be accessed through computers without much 
hindrance. The handling and storage of paper and documents manually are difficult 
and is more prone to damage! Translation of paper documents into digital format 
needs to follow some standards and steps to ensure the integrity of documents dur-
ing their digital transformation.

Steps of digitization processes for paper documents:

• Selection and preparation of documents for digitization: Documents are first 
selected and separated with documents for their specified folders. Records can be 
images, videos, papers, camera recordings, etc.

• Conversion of information in digital format: After the selection, the document 
has to be converted into the digital format using a scanner using any computer or 
mobile scanner to ensure the visibility and readability of the information on the 
documents.

• Editing, transition, and storage of digitized documents: The documents to be 
stored have to be saved with the names with which these can be easily identified. 
Depending upon the format in which the document has to be stored, it should be 
converted and saved in that format, e.g., pdf, jpeg, tiff, zip files. Folders and files 
have to be specified for each document with a proper name and storage path.

• Archiving and coding the documents: Archiving is done to ensure the record- 
keeping for a more extended period. Digital archiving is an essential task in 
preserving data and thus requires appropriate technical measures to be followed. 
The archive data should be coded and archived to ensure data privacy.

• QA (Quality Assurance) and validation: Meticulous QA and verification are 
required to ensure the data’s standard.

• Organization of digital data into files and folders: Separate files and folders with 
the distinction of names and types of data being stored in each file should be 
maintained. The data has to be organized systematically.

• Access and maintenance: Access to the data can be limited or restricted to the 
concerned person or depending upon the data type. To ensure data privacy, the 
folders can be password protected with access provided to authorized individu-
als only.
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As per CGMP guidelines for record-keeping of electronic records, it has to be 
decided in advance which documents have to be kept in digital or paper format. 
Based on the decision, it has to be documented either in the form of a Standard 
Operating Procedure (SOP) or a specified document [11].

13.8  Steps of Digital Transformation

Digital transformation refers to digital documentation and data archive. Both digital 
and paper form of data has to undergo specific steps for its change into the digital 
library or storage. These steps have to be followed to keep the data integrity intact.

For a lab to transmute into the digital platform, the data is stored at different 
places and sites have to be collected at the common repository keeping the data 
integrity in place. A stepwise procedure has to be developed as discussed below to 
transform into a digital lab:

Below we discuss the various steps involved in the digital data transformation; 
Fig. 13.6 represents a flowchart representation of steps involved in the digitization 
of data:

• Planning: The plan needs to cover the following details: level of scanning 
required, discrete data that has to be extracted, storage of physical data after digi-
tization, and also the management of scanning of documents.

Steps of data digitization

Planning: About the extraction of data from
different computer systems

Data translation into required format

Paper to bits: Paper data into digital storage

Resourcing: Scanners and workspace required
for digital transformation

Document preparation: To ensure clean scan

Scanning and data capture 

Resourcing: Web resources required for data translation 

Data Validation: to ensure that the information is translated in the correct format

Digital document upload: Document upload in the required repository

Day forward scanning: Ongoing digitization of new data

Archival storage: Archive of the data in a format that it can be accessed when required

Planning: about the scanning and organization
of paper into documents

Bits to Bits: Digital data to digital storage

Fig. 13.6 Flowchart representation of data digitization, digitization of both digital data and paper 
or document-based data
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• Resourcing: Workspace, scanners, and other web resources are required.
• Document preparation: Preparation of documents to ensure clean scans of the 

documents.
• Scanning and data capture: Capture images and discrete data.
• Data validation: Validation of data after conversion would ensure the correct and 

accurate data transformation procedure.
• Digital document upload: Loading of documents into the required repository 

of choice.
• Archival storage: Return of digital documents to active storage or deposition 

when required.
• Day forward scanning: Ongoing digitization of new documents to keep compli-

ance with digital record-keeping.
• Data must be generated to reconstruct proper validation and use of the computer-

ized system. Data must have a risk assessment, supplier assessment, service level 
agreements, requirement specifications, test records, personnel and user training, 
change, and configuration records. Documentation and records of validation and 
use of the specific computerized system should be available as long as the data 
generated with the system have to be archived as per applicable regulations. As 
per OECD guidelines for the application of GLP systems to a computerized sys-
tem, for the documentation of the usage of automated systems for record- keeping 
and document records, SOP’s should be developed which should cover the fol-
lowing points [12]:
 – Procedure for operation of computerized system and responsibilities of per-

sonnel involved.
 – Procedure for security measures to detect and prevent unauthorized access.
 – Procedure for periodic testing for the correct functioning of the com-

plete system.
 – Procedure for preventive maintenance and fault repair.
 – Back up procedures.
 – Procedures for archival and retrieval of all documents, software, and com-

puter data.
 – Monitoring and auditing of computerized system.

13.9  Digitization Systems/Equipment’s/Components

As digital equivalents replace traditional data saving methods, various systems and 
equipment have been developed for this purpose; Fig. 13.7 represents server-based 
GLP system for data handling and data maintenance. The choice of storage solution 
needs to account for the following points:

Redundancy Data backup must be ensured so that it allows access to the data in 
any case of system breakdown.
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Persistence and Preservation Data needs to be tested periodically and fixed if a 
problem arises as data might get corrupted on the local storage devices, e.g., hard 
disks become demagnetized rendering it for data disruption.

Transformation With regular advancement in the data storage systems, it should 
be allowed to migrate data to the latest technological requirements, ensuring that 
data is not semantically modified or lost while being transformed.

Various digital systems can be used in digitization to establish data integrity by 
assuring data storage, safety, and security:

• Barcode: Barcode recognition can help in the conversion of batches of paper docu-
ments into electronic format. Barcodes are inserted at the beginning of each group 
of files which acts as a guide for recognizing each group of documents. Document 
management system reads the information in the barcode and manages the batch 
by establishing an automated system, indexing it, identifying the document type, 
converting the format, assigning a specific path within the repository, etc.

• Server: Server is a computer hardware or software that provides functionality to 
different computers or clients. These provide functionalities such as sharing data 
or resources among multiple clients or to perform the computation for a client.

• Web Repository: Web repositories are available to access the documents on 
remote web servers. The documents are made available through content manage-
ment resources which allows the documents to be indexed and searched. Once 
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Fig. 13.7 Representation of a server system in a GLP compliant research lab for data handling 
and data maintenance
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the indexing of the documents is done, it can be assessed through search or 
browsing taxonomies.

• Lab Management Software (LMS) [13]: LMS is designed to support the man-
agement of data related to biology labs, clinical trials, etc. LMS supports labora-
tory operations, including management of workflow, data tracking support, data 
exchange interface, and many more. Additional features provided by LMS 
include sample management, data exchange, audit management, barcode han-
dling, compliance (following regulatory standards), document management, a 
record of instrument calibration, inventory management, quality assurance, and 
traceability of samples and audit trails.

• Inventory control management system [14] provides the stock details in a 
web-based repository management system that manages the stock usage or bal-
ance of chemicals and reagents based on barcodes and QR codes that are linked 
to the database. By scanning the QR code or barcode, automatic update with the 
name of the student or person who used the chemical is updated on the online 
inventory. This eases the process of audit for auditors to generate track of the 
used and stock chemicals and reagents.

Digital Risks
Adoption of digital technologies can have new and unexpected consequences. 
Below discussed are some of the risks associated with the digital transforma-
tion [15]:

• Risk of cybersecurity: Cyberattacks are done with the objective to access infor-
mation. Cyberattacks make the data prone to loss and misuse.

• Skill shortage: Shortage of skills among the lab members to use the digital 
interface.

• Compliance risk: Standards of GLP which are followed manually might not be 
followed with the digital transformation.

• Resilience risk: Risk of negative events occurring at the time of switching to 
digital technology can lead to data loss.

Mitigation of Digital Risks

• Limited access to the digital repository and blocking of the domains and IP 
addresses using firewalls, proxy, or perimeter controls.

• Training to the lab individuals about the usage of the digital interface should be 
provided before joining into the digital system.

• QA personnel should be well informed about the usage and importance of digital 
systems. QA should ensure compliance with the GLP standards by making regu-
lar audit trails.

In case of negative events or breakdown of the system, data backup acts as the 
raw data resource.
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13.10  Data Security

In the digital age, digital security is essential for the maintenance of data security as 
digital data is prone to malware. Data encryption, the firewall is data classification 
systems that provide data security provision.

• Data Encryption: With encryption, data can be translated into a code called 
ciphertext. Only authorized users with private decryption keys are allowed to 
decrypt the encrypted data.

• Use of Original Software: The use of pirated software is likely to have serious 
viruses, damaging the computer system, and the data can be lost. The use of 
pirated software can also be a risk for data security. Illegal usage of pirated soft-
ware is also against copyright infringement law. Hence, to ensure data security 
use of original software is mandatory.

• Firewall Security: The firewall establishes a predetermined security system 
that monitors and controls the incoming and outgoing network traffic. It cre-
ates a barrier between the internal network from external internet sources. 
Firewall analyze incoming network based on pre-established rules and filter 
traffic coming from unsecured or suspicious sources. Network-based firewalls 
can be positioned between LAN (Local Area Network) or WAN (Wide Area 
Network). Through LAN, data can be accessed by the local IP addresses, and 
through WAN, it allows distant network zones to access through the server. 
Through a firewall, accessibility to the server can be restricted to identified IP 
addresses.

• Cloud Data Storage: Cloud data storage is a user-friendly, low expenditure 
method for data storage. This does not occupy any hardware space. Cloud data 
storage provides outsourcing of data storage, which minimizes data loss as the 
data storage administrator offers security and storage responsibility. At the time 
of processing the data, a private key is used to retrieve the stored data. Files and 
folders can be password protected in a cloud-based data storage system. Data 
auditing can be done through the multi-level tree algorithm. For an internal GLP 
protocol, a high-security cloud-based system can be installed which provides 
data security, storage, and retrieval at the time of need.

13.11  Expenses in Digitization Process

The initial digital transformation would incur cost investments to leverage a combi-
nation of data, computing, and connecting technologies. With all the advantages of 
digital transformation and cost investments, its benefits cannot be ignored. 
Understanding the amount of the data generated, handling the same, and carrying 
out the operating processes in a laboratory would either require hiring the resources 
or do many things and may end up with the data that cannot be analyzed consis-
tently. Therefore, adapting to digitization is the only answer to acquire and capture 
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the data enabling the research laboratory to generate accountable and consis-
tent data.

Connecting a lab to a digital data management system is more dependable in the 
long term, but initial investments are required. However, the expenses curve falls 
after the initial installation, and the data integrity curve rises.

Below listed include a few expenses but not limited to be considered in the digi-
tization procedure:

• Installation of system which can be a common digitization platform with secure 
access to the allowed lab members.

• Installation of high-resolution cameras for video recording at the site of data 
generation.

• Scanners and printers linked with LAN to allow limited and secure access.
• Barcode inventory management software installation.
• Biometric/ fingerprint scan to digitize the use of an instrument while performing 

any experiment.

While the improvised process would incur cost but it is worthwhile as it would 
add value to the systems and process, and in long run, it not only provides credibil-
ity but also improves efficiency and lowers the overall cost. Moreover, the cost can 
be spread for a year or 2, depending on the priority, and with proper care and plan-
ning, the entire cost can be recovered with what the research lab will achieve with 
the digitized quality system. Further, the cost incurred will allow the digitized sys-
tem as a tool for the management to monitor the resources more effectively and take 
an appropriate action either to amend certain activities that are not yielding results 
and are still incurring cost or divert the resources as deemed essential. Digital trans-
formation would certainly involve investments, but if done at the right time, by tak-
ing a calculated risk of the resources versus the quality, it would help be beneficial. 
While installation of the equipment’s for direct data capture is useful, a few dedi-
cated to transforming the existing data to the digital format can be planned in a 
prudent manner. Digital transformation can be initiated in processes by following 
digitization activities like document capture through scanning, document capture 
through e forms, the capture of metadata, identifying printed characters using pho-
toelectric devices and computer software to avoid data entry (personal errors as a 
result of data entry) to systems, creating workflow functions to automate control 
process by providing authorization and creating the audit trails, using learning man-
agement systems to recognize the versions and control of the versions, emailing 
attachments using electronic signatures/encrypting and eliminating the security 
issues can be considered to merge in a best possible way to avoid repetitions.

These things help to reduce unnecessary repetitions, which are done manually. 
The goal of transforming to digital data capture and reporting method is to avoid the 
transcription errors, and the huge errors committed while making manual entry and 
reduce the amendments and deviations as well as objection from auditors and regu-
lators. Further, this ensures seamless access of data to research scientists working in 
the laboratory who otherwise tend to rely on their memory. Digitization brings 
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challenges in terms of cost, training, huge data analysis, it can be effectively imple-
mented by proper planning and implementation in order to bring value addition and 
efficiency in the organization and effectively reducing the overall costs in the 
long run.

13.12  Data Integrity Through Data Auditing

Data integrity is the completeness, consistency, and accuracy of data assuring that 
the data is attributable, legible, contemporaneously recorded, original, or a true 
copy and accurate. Inspections and audits are required to be carried out to identify 
the facts rather than faults, and hence every scientist should encourage audits for 
self-improvement. Scientists should bear in mind that it is not a fault-finding mis-
sion but rather a corrective and preventive measure that would improve the self and, 
consequently, the adopted systems and processes. Thus, it becomes helpful to the 
researcher to monitor/audit the laboratory in charge to own the laboratory’s respon-
sibility. While internal and external audits might help in the initial stages, it would 
be essential to develop a robust system that would allow the internal auditor to do a 
better and honest job as it is an effort to improvise the laboratory systems and not 
individual credibility. Data auditing procedures include many things but are not 
limited to the following, like examining laboratory notebooks and worksheets upon 
which research publications are based [16]. The auditing of digital data is altogether 
a different procedure and would require effective training with expertise for differ-
ent software. While the digital systems can help the researchers understand their 
own mistakes as the systems have the audit trails, this helps them either investigate 
the impact on the results generated and take a call whether the experiments required 
to be repeated with appropriate documentation and authorization. Over the last 
decade, the advancement in the information technology Computer Assisted Auditing 
Techniques (CAAT) has been developed to reduce the manual auditing procedures. 
CAAT helps auditors analyze data to explore and study distinct data sets in auditing 
processes [17].

13.13  Digital Data Archive and Data Backup

Data backup and archive system should be installed for retention, reconstruction, 
and disaster recovery. SOPs for data archiving have been generated at various plat-
forms. Data archiving requires specific procedures to be followed concerning the 
content of the data. The data should be stored, maintaining confidentiality, and it 
should be stored such that it is traceable. Data archiving comprises of management 
of electronic records by providing security, authenticity, and integrity for long-term 
preservation and access. Data archiving feature is offered by various data manage-
ment systems, which involves storing files in standard file format (.PDF, TIFF, 
JPEG, ASCII text). This can be easily migrated to a new platform when required 
without any loss of data and any further costs incurrence to the archive.
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Roles and responsibilities of various personnel involved in the process of 
archiving have been discussed in OECD guidelines for establishment and control of 
archives in compliance with principles of GLP [12, 18]:

• Study director: The study director has to ensure that all records and data related 
to the study are transferred to the archive immediately after completion of a study.

• Principal Investigator: Principal Investigator ensures that the records for which 
he/she is responsible are sent to the study director latest upon completion of 
the study.

• Archivist: The archivist is responsible for the management, operations, and pro-
cedures for archiving following established SOP’s and GLP principles.

Archivist ensures the control over access to archive by:

• Orderly storage and retrieval of records.
• Documentation of movement of records in and out of the archive.
• Quality Assurance (QA) personnel: QA person ensures the compliance of GLP 

principles with all the aspects of archiving.

For the archiving procedures, the following SOPs should be developed:

• Access to archive
• Indexing procedures, including electronic records
• Coding procedure for the archive of the data
• Retention period
• Disposal of archived records and material
• Disaster recovery
• Periodic refreshing of electronic records

Some additional features have to be ensured for the archive of electronic records, 
which includes the following:

• Retention period: With the rapid development of computer technology, the 
devices used for data storage today may not be available in the future (e.g., 
diminished usage of floppy disks with time). Hence, the electronic records must 
be stored in a format that is readable for the duration of the applicable record 
retention period.

• Defined Archive Area on a Computerized System: The computer system or the 
archive data storage system must have a discrete archive area, with limited access 
to archivist. The system must be locked so that the data cannot be altered or 
deleted without detection.

• Maintenance and Preservation of Electronic Data: Electronic records are at risk 
without a preservation process. Procedures should be there to ensure the retention of 
complete and retrievable information throughout the retention period of the data.
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• Data migration: Data migration is defined as the transfer of data from one sys-
tem to another system. If the data migration is necessary, the procedure of migra-
tion should be fully documented, ensuring complete and accurate migration of 
data before it is lost or disposed.

In order to ensure the retention of electronic data, duplication of electronic 
records can be considered as a part of the archive preservation plan.

Data backup is the copy of the original data which can be used to reproduce the 
raw data and data sets and for that record of all the experiments performed on the 
data and all the changes done and is required to be submitted for that the data must 
be exact, complete, and secure from alteration, inadvertent erasure or loss [19]. The 
backup file should contain the data in the original format or in a format that is com-
patible with the original format. Data backup provides a backup to the data in case 
of loss of original data [20].

Data archive and data backup provide support for the replication of scientific 
experiments using the same methodology, equipment, and protocols based on which 
scientific claims are evaluated. It is evident that when replication or reproduction of 
a study has failed, questions arise on how data has arisen. In that case, the traceabil-
ity and associated documentation provided the required support and digitized 
archiving of the study documents, which can be easily accessed even after years of 
the actual study or experiments.

Implementation of a digital GLP-based system in a research lab would develop a 
systematic data security system with a systematic procedure of data generation, data 
archive, and data backup; this system would assist authentic data generation with a 
smooth workflow.

13.14  Challenges in Data Collection, Digitization, 
and Maintaining Data Integrity

Data digitization is a reliable method for data integrity and credibility for a long 
term but implementing this procedure has its own challenges.

• Cameras to witness the data generation at the site of experiments should be high 
focused and high resolution to ensure enough coverage to witness the experiment 
being performed. This incurs high-cost investments.

• Its quite likely that data may be lost while the same is being transferred from one 
equipment to another.

• Digitization of data is prone to transcription errors if manually entered from 
paper to digital system, hence, there is a need for verification at the time of data 
transfer.

• Regular update and validation of the software being used for digitization have to 
be ensured in order to avoid data loss and to ensure compliance to GLP.

• Software and systems are required at the time of acquiring data, storing, and 
archiving of data. Initial training is required for training in respect of the opera-
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tion of the software. Hence digitization procedure is not as much cost-effective 
to switch over immediately.

• Data legibility which can be defined as the ease to read the data, it has to be 
ensured while data digitization to maintain its readability and the process of digi-
tization has to be validated, ensuring data’s legibility.

• Security procedures should be documented to protect the data from corruption 
and unauthorized modification or loss. Physical and logical methods like the use 
of keys, pass cards, personal codes with passwords, biometrics, or restricted 
access to the computer to ensure the security of the data [12].

With all the challenges, a GLP-based system allows data integrity with the assur-
ance of authenticity and reliability of data generation preventing research frauds and 
resulting in true research being published.

13.15  Implementation of Data Digitization in a GLP Research 
Lab to Ensure Data Integrity

Digitization is being employed in the IT sector and companies for the storage of 
their data. Data digitization offers many benefits like it saves time and money in the 
long run, provides easier access, easy search, and most importantly increases the 
security of the data.

In science, experimental observations must be shown to be reproducible in order 
to be creditable. For generating creditability, the integrity of data should be assured. 
Digitization offers an easier platform for researchers to improvise new techniques to 
ensure data integrity, but it also offers easier data manipulating and data falsification 
techniques.

In order for research and experiments to be credible a GLP-based lab generates 
enough documents and records to create evidence of the data’s integrity. Maintenance 
of data integrity with GLP guidelines ensures documentation of the entire life cycle 
of the data. To understand the importance of data integrity, GLP training could help 
provide the lab members about the need of GLP and implementation of GLP in the 
research lab, documentation of this training is also essential as per GLP rules.

After the training, for installation of GLP-based computerized systems in a pre- 
planned manner should be carried out. Documentation is an essential purpose of 
GLP as it involves documentation of management policies, validation, planning, 
risk assessment, traceability, archivability, security, and record management. As per 
GLP guidelines, the documentation of the entire life cycle of all the phases should 
be done, and this may include purchase, specification, design, development and 
validation, implementation, operation, etc. The computerized system used for GLP 
should be developed, validated, and operationalised in accordance with appropriate 
quality management system to ensure that the system is functioning and being used 
correctly [12].

With the implementation of GLP practices in research lab, not only the records 
and documentation of data are regulated but this also develops a work system which 
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makes the workflow easier and systematic. Digitization of GLP-based documents 
generates data integrity of the research data with easier maintenance of the data 
providing easier sources of data integrity. Data digitization in a GLP-based labora-
tory would make the documentation and record-keeping of the entire experiments 
intact and accurate, keeping steer clarity from data misrepresentation.

13.16  Building the Lab of the Future

A future research lab with the implementation of e data generation is the reach of 
digital data integrity. A lab that holds the usage and record of instrument use with 
barcode or biometric face readers, direct transfer of data generated into servers, 
automated equipment, e-notebooks, voice powered lab assistant for data digitization 
and many more such features of digital advancement may one day help scientists set 
up hypothesis and design experimental protocols by comparing and contrasting 
studies available on databases. Advancement in technologies and digitization can 
offer researchers data accuracy and data integrity which has never existed before.

13.17  Future Directions and Clinical Implications

Integration of GLP compliant digitization system in research can radically trans-
form the practice of scientific research with an increasing ability to automate scien-
tific discovery processes and can also help regulate and manage the workflow in a 
systematic and correct manner. Adoption of GLP-based digitization system in 
research labs can make management productive preventing academic fraud, and this 
would have direct implications on the clinical research by improving clinical data 
collection, translation, and record-keeping.

13.18  Conclusion

Adopting GLP principles and adhering to them by research laboratories is the only 
alternative to bring in quality and data acceptability while avoiding the issues that 
have been associated with fraudulent practices or data falsification, which is evident 
once the data is sent for publication to the Journals of repute where in some aspect of 
auditing or restructuring remotely is being done. GLP is mandatory for the toxicologi-
cal studies that are required to be submitted for the regulatory approvals as they form 
the basis for clinical studies and marketing authorization, and hence ensuring safety 
becomes a key criterion. If the research labs adopt the GLP principles, it must be 
ensured that all the activities are planned and performed with adherence to a set of 
formal national and international agreed guidelines established by the said regulatory 
authorities. In such case, the data generated from a GLP-based research lab will cer-
tainly be accountable, auditable and will provide better traceability and reproducibil-
ity and thus global acceptability. If the research laboratories adopt the digitization 
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process, it will not only improve the quality and acceptability across the globe but will 
also help the lab to manage the data efficiently and cost- effectively. Adopting GLP in 
the research laboratories are yet to be initiated by organizations, the thought process 
must be initiated in order to gear up for the adoption of GLP principles. Research 
laboratories can voluntarily adopt to implement GLP modules on a digital interface in 
their labs which would ensure data integrity, promote high-quality safety and consis-
tency in the processes and thereby increase efficiency.
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