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Abstract
Control room operators in the hydrocarbon industry monitor large scale process data and take corrective
actions using multifaceted control systems. Simulator training provides them an understanding of how
to accurately identify process upsets and quickly respond to process control issues before they escalate
to shut down of units. Although operator training simulators are widely used in the industry, they are
not regularly updated to latest features and become obsolete due to different stakeholder issues. The
objective of this review is to examine these attributes in the literature to identify key perceptions about
simulator training and suggest appropriate resolutions. The findings accentuate the need to develop
training simulators integrated with the actual process configuration, accurate process modelling, precise
feedback mechanism, training data analysis in conjunction with operations and continuous learning
assessment showing embedded training value to the organization. This approach of using instructional
design and pedagogical methodology can contributes for effective usage of simulators and might help
to minimize human errors in the hydrocarbon industry.
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1. INTRODUCTION
Process operators monitor, control and operate process and plant equipment by different unit
operations using Integrated Safety and Control Systems (ICSS). They are normally classified
as field operator, the person working inside the process area or field and control room operator,
the person working inside the control room. Operator jobs are considered unique and their
training is historically perceived to be beyond a cost-effective outsourced training approach.
The training of operator mostly takes place, while they are on the job, known as OJT (On the
Job Training). The ever-increasing and continually improving automation in the industry leads
to sophisticated processes that are more complex for the operators to understand. Consequently,
the sophisticated processes tend to reduce human reliability. The implementation of new control
systems and enhanced automation leads to complexity of control room operations. This brings
to fore possible acclimatization issues faced by workers who may have a high level of
familiarity with legacy systems from their experience and habitual in handling the operations
[1]. There are several challenges unique to the development of technical workers as the
workplace knowledge is outdating quickly and workers face skill obsolescence unless their
knowledge is updated in a pedagogical process. This requires competence in how to learn and
a work climate that encourages real-time learning to solve problems and the supportive work
climate depends on what employers and managers do to encourage expansion of knowledge
[2]. New generation operators are more comfortable working with advanced automation
technologies and so helping organizations to take advantage of the productivity and
performance benefits available.
Operator Training Simulator’s (OTS) are used in the hydrocarbon industry to train the
operators for both routine operations, start up, shutdown and abnormal situations related to the
process. The benefits are repeated training on rare events, process upsets, validate or test new
procedures, practice start up etc., which in turn increases confidence, enhances their
effectiveness and decreases work-related stress in executing the tasks. Although OTS exists in
https://doi.org/10.2507/IJSIMM20-4-575
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many industries, there is lack of proper usage due to various issues pertaining to availability of
competent instructors, operator’s willingness and or reluctance to participate and their interest
in OTS training, effectiveness of training sessions, updating the OTS in tandem with actual
process, management support and budget. These will play an important role to keep them in
proper working conditions to get desired results and strive for success. The abnormal situations,
in particular, during the start-up, unscheduled shut-down are subject to a very substantial part
of the significant incidents occurring in many plants. The recurring accidents in the process
industry are due to lack of learning from earlier incidents, awareness and applying the lessons
learnt from the accidental reports into the training of operators. Human errors and errors related
to human factors related to training, its effectiveness and challenges faced by different stake
holders continue to contribute to losses in the industry.
The objective of this study is to examine these attributes with literature from different
sectors and industries using training simulators for training to: Identify role of key stake
holders? Ways to prevent OTS obsolescence? How the best practices from other industries can
be used in hydrocarbon industry? How these efforts can be further enhanced by management
intervention? The aim is to improve operator competency, minimize human errors and
maximize productivity of OTS training. This review examines the key relationships between
different stake holders of the OTS, like process operators, instructor, supervisors and simulation
engineers etc.

2. LITERATURE REVIEW AND METHODOLOGY
The purpose of the study is to analyse the existing literature on the operator training simulators,
justify the investment in terms of their training efficacy, their usage in the industry as a training
tool, perception of different stake holders, how to prevent their obsolescence and increase their
usage. The literature is reviewed using the eight step Systematic Literature Review (SLR)
process. SLR is defined as a systematic, explicit and reproducible method for identifying,
evaluating, and synthesizing the existing body of completed and recorded work produced by
researchers, scholars, and practitioners [3]. First the different key phrases and words recurring
from different oil and gas literature, training industry and commonly available databases are
collected.
The primary literature review findings are analysed, papers are filtered to refine the
keywords to analyse data and further they are combined under different themes to enhance the
scope for further research. The different themes derived from the primary literature are filtered
by an online focus group discussion consisting of ten industry professionals, consisting of four
training specialists /instructors, two plant managers and three senior control room operators
along with the author in over two meetings of two hours each. Structured interview with
checklist and questionnaire is used to modulate the session [4]. Finally, six different themes for
further review of literature along with their search outlook are validated by existing literature
and are presented in Table I and role of operator training simulators with reference to these
themes is summarized in the next section.
2.1 Role of operator training simulators
Simulators are used in chemical operations and process trainings, industrial safety components
design, process modelling and testing. They are also used in areas such as commercial and
military aviation, shipping, military, and ﬁrst responder agencies etc. They provide a safe
substitute in replicating the very high-risk and often complicated scenarios. Real world
renditions of these situations are too costly and dangerous to provide opportunities for staﬀ to
repeatedly practice and be competent in the highly stressful workplace situations.
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Table I: Literature review with themes and search outlook.
Themes
Human errors in process
control [5]

Process operator training [6]

Operator training simulator
training [7]

Training effectiveness [8]

Search outlook in the literature
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓
✓

✓
Training transfer & learning
transfer [9]

✓
✓
✓
✓

Human errors in process control
Situational awareness during process control
Conditions leading to the events/accidents
Process incidents involving human errors
Operational errors during the process control
Operator competency
Training of operators in the oil & gas industry
OTS usage, limitations and modelling
Underutilization of OTS
Instructor role and responsibility
Simulation complexity
Process modelling
Effectiveness of training
Training evaluation methods
Training feed back
Competency & skills improvement
Training transfer through simulation
Training & learning transfer methods
Applying knowledge in workplace
Enhancement of the current practices

The skills of the operators can be sustained with proper training of the simulated scenarios
and practice them repeatedly using a suitable training simulator [10]. The overall goal of
training via simulation is to build conﬁdence in staﬀ in their ability to perform under adverse
conditions [11]. Further the behaviour of the operator is influenced by many external factors
like work surroundings, personal factors and environment, which necessitates human factors
should be considered while designing a simulated process [12]. Simulator training can be
further enhanced with the application of suitable learning stratagems. One can select them based
on the characteristics of the training group and theme or simulation process to be trained or
configured in the training simulator. Training is defined as the planned learning experience that
trains the employees how to perform the current and future jobs. Workplace learning improves
the profitability of different departments while cultivating more positive attitudes toward profit
orientation across an organization. Mostly the training is focused on what needs to be known,
rather than the application of skills.
The objectives of training determine the most appropriate criteria for assessing the
effectiveness of training [13]. The main goal of training is to prepare participants for the tasks
they are going to perform on their jobs [14]. Learning is the process of acquiring the ability to
respond adequately to a situation which may or may not have been previously encountered.
This means it is a change that occurs in our behaviour, more specifically in our work behaviour
because of some experience or practice. The training must focus on this change in behaviour,
which gets reflected in performance and variable-priority training led to better multitasking
performance, and a trend for a reduction in the automation complacency effect [15]. One must
be motivated and willing to engage completely in the learning process to recognize their
weaknesses in decision-making and clinical reasoning skills and to be humble enough to correct
those weaknesses with the guidance of the instructor [16]. There is a need for developing an
improved methodology to train process operators efficiently as their performance has a direct
influence on the safety, productivity, profitability, stability, and controllability of the process
[17]. With many similarities with the military, medical, transport and aviation industries, the
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simulation training effectiveness research in these sectors can be applied in the oil & gas
industry. Due to the similarity of training delivered in various businesses, like Aviation,
Automobiles, Business Chemical industry, Education, Gaming, Medical, Military, Mining,
Marine, Shipping, Nuclear, Oil & Gas, Petrochemicals and Power sectors etc. The usage of
training simulators, their training effectiveness, reduction of human errors due to training
interventions are being looked upon in the research.
The simulation literature lacks signiﬁcant research how the different elements of simulation
training can be used to create a learning environment that encourages active learning and
engagement in the workplace. The training evaluation and effectiveness on the individuals or
across operations teams is not studied in the perspective of an operator across the industry using
available models.
2.2 Methodology
Exploratory research methodology is used as the main basis of this review. Exploratory research
with literature review can add quality and insightful information to a study and allows the
researcher to be inventive and to gain insightful visualization of a particular subject. The review
of literature is carried out using Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) methodology. PRISMA is an evidence-based minimum set of items for
reporting in systematic reviews and meta-analyses. This is primarily focused on reporting of
literature reviews and evaluating the effects of interventions. This is used to gain an
understanding of primary reasons, thoughts, and inspirations among the different stake holders.
This can also be used as a basis for reporting systematic reviews of literature for further research
and with clearly defined objectives other than assessing interventions [18]. This brings structure
to the review rather than coupled with the automated reviews of data bases. The study was made
to include the most articles possible, but the present research also not to claim that the database
is also not complete. Based on the literature review of around 80 papers using systematic review
protocol and the percentage of articles related to themes from the articles are in Fig. 1 and
subsequent segregation and analysis, shown in Fig. 2.
Transfer of Learning
10%

Training
Effectiveness
12%
Transfer of
Training
12%

Human
Errors in
process
control
14%

Process
Operator
Training
22%

OTS Training
30%

Figure 1: Themes vs Percentage of articles from the literature review.

The articles during the literature review are analysed using NVivo (trail version 12),
Qualitative Data Analysis Software (QDAS) tool from QSR international. NVivo tools provide
visual connections, patterns and themes so that researchers can visualize and analyse the
connections and write in more apposite manner [19]. The word cloud in Fig. 3 shows that the
words appearing in more size, bold and highlighted, are directly correlated to usage frequency
and become small and shaded are of lowest frequency in the papers.
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Articles identified using
Themes = 150

Articles removed before
screening:
✓Duplicate removed = 25
✓Not relevant
= 10

Articles screened = 115

Articles excluded for not
related to themes = 15

Articles sought for retrieval =
100

Articles left out due to
indecisiveness = 25

Articles assessed for research
and Bibliographies = 75

Articles left out due to out of
scope of present study and is
for future research = 40

Articles referred in this
review = 35

Figure 2: Literature review of research papers via online databases.

Figure 3: World cloud showing keywords and themes to visualize literature.

The tree map output in Fig. 4 visualizes that the larger rectangle is with highest coded words
tabulated with the text representing themes and subtext (subthemes) representing relationship
with the themes. These will help us to provide guidance in interpretation and demonstrate the
coded themes and subthemes to validate findings, produce discussions with evidence. This also
help in data captured in phrases and words for revisiting for future updates and revisions.
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Figure 4: Tree map with themes and key words.

The next section summarizes main points of the thematic literature review and analysis is
in three broad subsections, namely: i) Effectiveness of OTS training, ii) OTS training phases
and its usage and iii) Role of key personnel. This is done to ensure that the relevant topics are
discussed and grouped in alignment with the objectives.

3. DISCUSSION
The training literature review shows that the four key features of effective simulator training
are accurate process modelling, precise feedback mechanism, training data analysis in
conjunction with operational errors (from the actual operations) and continuous learning
assessment of operators by the instructor. The sub themes, namely data from operational errors,
basic technical knowledge, logical relationships between different scenarios, forecasting unit
upsets and practice, technical knowledge revision along with improvements in process
modelling further validate the fact that the simulator can be used to identify the most frequent
human errors or operational errors taking place while implementing a procedure or testing a
control loop etc. This agrees with earlier findings that the procedures can be optimized to insist
on critical points, reinforce learning by repeated practice and then the chances of errors are less,
as the operators already practiced and be confident in executing the complex tasks [20]. The
confidence in simulators might be due to the fact that most research on their effectiveness has
been based on the subjective evaluation of trainees rather than on objective performance data
[21]. There is a need to develop robust training practices, which are adaptable to an ever
changing and technology incentive working environment [22]. The reduced incidences of
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accidents and resultant downtime, in the case of both personnel and equipment, means an
increase in productivity, which justifies the investment on the simulators.
3.1 Effectiveness of OTS training
To know that the training program or session effective, it needs to be well-defined in a clear
evaluation criterion and gauging its impact on specific individuals or organization. It is to be
tested and feedback is collected by using pre-defined methodology, either by manually or
automatic means, without any bias towards the topic, instructor and other organizational issues.
The key points for maximum utilization of OTS and there by its effectiveness are a) Classroom
training followed by training (25 %), b) Process models with up to date simulator (22 %),
c) Well planned training sessions with qualified instructors (19 %) and d) Support from
management (15 %) in a OTS training effectiveness survey [23]. The instructors, by virtue of
their operational background are not formally trained on evaluation techniques and assessment
tools. The effectiveness of a training program depends on how effectively the skills are
transferred to the trainee [24]. Effective learning transfer is vital to ensure that the planned
learning outcomes from training are captured during the session and transferred to workplace.
This is often questioned as most of what is learnt from training programs is not transferred to
the workplace.
Training evaluation is considered as an ongoing process, rather than done only at certain
intervals. A number of barriers exist that prevent organizations from evaluating operators at
various levels. The three major reasons to evaluate training programs are i) to improve the
program, ii) to maximize transfer of learning and achieving subsequent organizational goals
and iii) to demonstrate the value of training to the organization, which is effectiveness. In
addition to tangible benefits, most training programs will have intangible benefits and the key
challenge is to effectively identify them. There is significant change in the attitude, skill level
and knowledge due to the usage of simulation training of sea farers and Kirkpatrick’s model
found to be most suitable model for measuring the training effectiveness of different training
courses and having different sessions [25]. The ARC survey, OTS best practices revealed that
more than 80 % of the participants, consisting of top and middle management, instructors and
operators across the world, believes that simulation-based learning is viewed as a strategic
component of the overall training policy of the company [26].
3.2 OTS training phases and its usage
Although OTS are widely used across the industry for operator training, mostly the benefits are
seen in the commissioning phase of training. This is due to fact the operators are new to the
process and OTS is the only visual and hands on tool to view operating conditions along with
the graphics, which represent the actual process flow conditions. The immediate benefits to the
management and supervisors include less time to start up, optimizing operating conditions to
reach product quality and quantities as per the design. OTS is also widely used to check control
loop configuration and tuning during this phase. Once operators are accustomed to the process
conditions and able to achieve start-up of the units in a more proactive way as they already
know the different conditions in the OTS and actual plant. Sometimes modifications carried out
in the actual process on the basis of operating conditions cannot be captured. The operators are
also reluctant to go back to the OTS and practice, as they do not have more to learn and easily
demotivated to use their time for OTS refresher training.
There are three primary concerns in the initial development of training simulator. They are,
Fidelity (degree to which a simulation replicates real life), Interactivity (level of user interaction
with the simulation) and Immersion (extent to which a user is cognitively, physically, and
affectively engrossed in the simulation) [27]. As the level of fidelity, interactivity, and
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immersion in the simulator configuration increases, the cost of developing the simulator
increases. The management has to spend resources in the initial phases without thinking of
immediate return of investment as the benefits are long-term and not directly measurable in
dollar terms. The opportunity to study the modelled virtual process, structure and content of the
library of logics and algorithmic diagrams of the typical control functions is useful in a
simulating environment to test (tests such as loop tuning, acceptance of advanced control
configurations etc.) and validate before being used in the actual distributed control systems
during start up and revamp of existing facilities [28]. On the other hand, the cost of simulator
development must be weighed against the cost of acquiring actual systems for practice and/or
the cost of physical experimentation on actual equipment or in a real-life situation. One can
also calculate the recurrent cost of sending required number of operators to another site or
similar processes for training and initial investment needed for a training simulator with the
number of operators to be trained. One of the major discernments among the managers is that
a simulator is a luxury that cannot be justified in financially hard times. A simulator does not
train automatically, it has to be used by manual intervention of the instructor to extract the
benefit, yields the benefit and the desired results for the management.
One of the most productive way of configuring the simulator is to incorporate intelligence
in the initial design and rules-based functionality using technical information available at that
time [29]. What is more important than the simulator technology is that how educational
methodologies to be applied and whether it increases training effectiveness significantly or not.
This has some issues as often the simulator trainer is not properly trained to use pedagogical
tools and updated learning methodologies as he is often selected internally without any external
recruitment and most of the time he is senior most among the many control room operators
present in the organization. Even though some companies have the most modern and upscale
simulator with full scale simulation of the units along with safety shutdown systems, using it
for training and maintaining them over a period of time is a continuous effort of both the
instructor, operations and automation teams. The operations team, being the end user also have
to follow up for OTS maintenance, tracking its usage and provide necessary resources for OTS
maintenance and upkeeping.
3.3 Role of key personnel
The OTS instructors perform a variety of roles like planning, tutoring, managing trainings along
with sustaining the system ready for training all the time. They further facilitate training
materials, carryout lectures and role-plays the scenarios. The instructor can create an interactive
environment, where in instructor and students actively participate in a demonstration, using the
OTS applying theory to the real-world scenarios. The Instructor is responsible for designing
and managing an effective simulation training session. During simulation, the instructor creates
multiple learning experiences such as pre-briefing, session preparation, the actual simulation
scenario and debrieﬁng. Instructors bring knowledge, expertise, expert clinical reasoning skills,
and maturity to the environment. In the debriefing, it has to be stressed that the real time
situations have their own complexity and professional intervention is needed to control the
process/operations so that the process remains operational without any untoward incident or
loss of production [30].
The OTS Instructor can change the process parameters (variables) and simulate conditions
for unit operations as required to train the operators. The instructor must possess both content
knowledge and instructional skills for teaching in a simulated environment. Standards or
guidelines defining instructor qualifications are necessary to ensure instructional effectiveness.
The availability of fully competent instructors is limited, which also limits the number of
operators that can be trained at the same time. They are expected to maintain constant
communication with plant operations personnel in shift operations, so that they can maintain
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operational expertise and familiarization with plant procedures [31]. The simulators also allow
trainees to make actions and review the impact of their actions with the instructor. This is a
critical part of learning that is not possible using OJT activities and thereby OTS provides a
clear advantage over the other type of operator trainings. For the operators, the benefits come
from repeated training on rare events and process upsets, validating new procedures, which in
turn increases confidence, enhances effectiveness and decreases work-related stress. One
approach employs triangulation, use of multiple data sources and methods to gather data from
prospective end users and combine qualitative data (e.g., from focus groups, interviews, and
observations) with various forms of quantitative data (e.g., those from controlled study
situations, process type, with or without safety systems etc.) [32]. The root causes of many
industrial accidents and their corrective action reports in the industrial literature are linked to
the human performance and suitable training to improve the competency and performance.
Site managers are recommended to ensure that instructor training replicates the nontechnical and technical skills along with other instructional competencies required to ensure
that the instructors are able to fully support growing facility requirements and be able to
establish credibility with trainees on a continuous basis [33]. The operations, automation,
process and engineering sections have to facilitate the maintenance of OTS in tandem with
instructor. The management have to make sure this approach is similar to the actual plant
control system if both are supplied by same vendor, if not they need to work along with both
suppliers in arranging continuous support either offline or online. The supporting staff should
be accessible to the instructor and needs to be trained first before site installation. This way we
can close the gaps between the actual systems and simulator models, even carryout
modifications first in the OTS, test and validate the results before being implemented in the
actual process.
The training simulator does not guarantee a successful training unless a program based on
a systematic approach to training is used. Opinion-based surveys, questionnaires and checklists
are best used in combination with objective measurements (e.g., time, speed, error) of trainee
performance. The positive results from these methods may not guarantee that the simulator
training is effective unless one is addressing the needs of the operators in a more tangible way
such as reduction of human errors, procedural modifications proposed and implemented after
OTS training, validating start up time reduction from earlier start up and data collection for
future comparative analysis and validation. These are elaborated in terms of operational
modifications, implications to the industry, contribution to the society in the next section.

4. CONCLUSIONS AND FURTHER RESEARCH
A combination of skilled instructors, immersive simulation, cloud technologies coupled with
up-to-date high-fidelity simulators and pedagogical course material are essential for ensuring
the best possible training for the new and experienced operators in the hydrocarbon industry.
Having an integral training centre with adequate personnel and material infrastructure is helpful
to exploit both, simulators and training system [34]. The first step to show the value of a training
program is to create a program that has organizational value embedded with results. The
trainee’s capabilities, personality, motivational factors, previous work experience will affect
the learning process. Training of non-technical skills may help reduce the risk of human error
and trained personnel are more prepared to react in case of an emergency situation [35].
Maintaining the work force competences is a challenge for the organizations and simulation
training continues to be the best among the available trainings for operators. The operators are
confident in executing the complex tasks, leading to product quality, skill improvement and one
might see a reduction in human errors due to the competency-based approach. The operators
have to take objective based decisions based on real time data, strive to contribute process
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changes, and needs to be competent for the ever-changing new cyber security and automation
protocols.
The instructor role is changing due to the advent of new virtual and augmented technologies,
highly automated with objective based decisions tools. They also need to be trained to update
with the technology, which is often missing due to various organizational reasons. It was also
found that the issue of whether the OTS is asset to the organization or lying like an underutilized asset mainly depend on the Instructor. In many cases instructor’s overall technical
evaluation is considered for modifying plant operating procedures and many instructors are able
to assist with plant operation when needed in case of emergencies as often the simulators are
based in the control rooms.
Instructors may also assist in incident investigations and knowledge management, or the
preservation of knowledge that might be lost as a result of the retirement of very experienced
and competent personnel, this way they have good rapport with different operations team and
know first-hand information of each operator(s), their strength and weakness. The role of the
instructor in evaluating, executing, integrating and supporting these needs to be clearly
understood, and the appropriate support to be provided by the management. It is also important
to recognize that available technologies change quickly, and arrangements and the capability
need to be in place to ensure that these are suitably assessed, and a robust management of
change process also need compliment the OTS changes.
Training effectiveness will depend on a number of factors, such as time spent, motivation,
learning efficacy and cognitive ability. Behavioural based standard assessment of operators is
more important to mitigate the risk of human error. This needs to be integrated with the modern
simulators as a standard option, which will reduce the dependency on the instructor and same
can be applied to all training sessions using the same simulator. The training session
effectiveness may also reduce the cost to the company when the participants are able to
understand the process effectively and maintain their competence at workplace for fast/efficient
start up and limited downtime in case of a process upset or shutdown. By integrating the training
evaluation models with the OTS, customized for each process during site installation, the
instructor can easily measure each and every session without being dependent on questionnaires
and manually inferring the results. This methodology can optimize the trainings delivered and
improve future sessions.
These approaches will make them ready for next generation operations consisting of virtual,
augmented, distant and unmanned operations where automation takes the centre stage with
minimum human interference. Further research in the simulator training intervention
methodologies and efficacy is needed to 1) Identify different training models and challenges
that influence the OTS training, 2) Study the efficacy and control systems knowledge acquired
using simulator training, its economic benefits and 3) To improve the competency of operators.
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