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W ritten procedures can play an integral role in mitigating risks and hazards in industries 
such as petrochemical, nuclear, and aviation. However, failure to adhere to procedures has 
resulted in major incidents. While there have been multiple studies investigating procedures 
in the aviation and nuclear industries, a comprehensive study of the high-risk industries’ 
use of w ritten procedures is largely absent. This paper documents one part of a large- 
scale project tha t addresses this gap by investigating the issues w ith procedure forms, 
usage, adoption, and challenges in a wide range of high-risk industries. A grounded th e 
ory approach in qualitative data analysis was used to examine 72 interviews w ith operators 
of varying roles and experiences across 6 countries and an offshore drilling vessel. Findings 
reaffirm previous research, suggesting an explanation for the lack of use of procedures due 
to the abundance of outdated procedures and procedures plagued by information overload. 
New findings suggest tha t frequency of the task and the experience level of the worker would 
im pact workers’ procedure use. Other unintended consequences associated w ith w ritten 
procedural system s included reactive organizational behavior surrounding procedures and 
a general disconnect between the users and the writers of these documents.

© 2017 Institution of Chemical Engineers. Published by Elsevier B.V. All rights reserved.

1. Introduction

Disasters throughout the 1980s, such as Bhopal in India or the Phillips 
incident in Pasadena, Texas, demonstrate the need to establish effec
tive methods to protect the facilities, environment, and humans from 
the damage caused by systemic failures in complex systems. Given 
the complexity of these socio-technical systems, process safety regu
lations and guidelines associated with the Clean Air Act Amendments 
(CAAA) of 1990 and the Occupational Safety and Health Administration 
(OSHA) require that employers in highly hazardous chemical industries 
implement written operating procedures and written safety informa
tion (OSHA, 2000). Ostensibly, the goal of these written procedures is

to have them as an integral tool in mitigating risks and hazards in 
petrochemical industries by acting as guides for carrying out plant 
operations, address anomalies and emergencies, as well as training.

While the use of procedures is recognized as important for safety 
purposes, incidents have occurred due to procedural breakdown 
(Bullemer and Nimmo, 1994). Incidents such as the BP Texas City 
refinery report symptoms of problems with inconsistent, inappropri
ate, or voluminous procedures resulting in operator non-conformance 
and deviation from established procedures. Evidence suggests that 
procedures in complex environments are sometimes misunderstood, 
outdated, or simply not used (Bullemer and Hajdukiewicz, 2004).
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To better understand the reasoning for such behavior, there have 
been multiple studies on procedural deviations and safety violations 
(e.g., Alper and Karsh, 2009; Bates and Holroyd, 2012; Bullemer and 
Hajdukiewicz, 2004; Carim et al., 2016; Dekker, 2003; Human Factors in 
Reliability Group and Violations Sub-group, 1995; Jamieson and Miller, 
2000; Lawton, 1998; Mullen, 2004; Saurin and Gonzalez, 2013), Two 
studies in particular examined the cultural and organizational view 
and the safety—root cause—analysis perspective. The first of these 
studies (Jamieson and Miller, 2000) involved interviews and obser
vations at four petrochemical refineries in the US and Canada. The 
study focused on how the cultural and organizational issues may 
impact the effectiveness of an organization’s procedural system. They 
found that workers often did not trust their procedures because they 
were out of date or incorrect. Unfortunately, systematic barriers to 
maintaining procedures—such as the high cost of maintaining proce
dures, challenges associated with making procedures accessible given 
the large number of procedures needed, and infrequent use despite 
investment—perpetuated workers' distrust of procedural systems.

The second of these studies involved interviews and observations 
with key personnel at five different refining and chemical facilities, but 
instead focused on identifying the high frequency root causes of pro
cedural breakdowns (Bullemer and Hajdukiewicz, 2004). Bullemer and 
Hajdukiewicz’s findings support the findings of Jamieson and Miller 
regarding the extent of the problems associated with having correct 
and current procedures, but also identified other issues that may have 
more to do with the effectiveness of the written procedure themselves. 
Issues include flawed reasoning on the part of the worker; procedure 
used incorrectly; inadequate coordination of procedure activities; and 
incorrect data/facts for using the procedure. Although, these studies 
and others have provided guidance on how to mitigate both organiza
tional and procedure design issues (e.g., Human Factors in Reliability 
Group and Violations Sub-group, 1995; Mullen, 2004), companies still 
report a high rate of procedural breakdowns as one of the root causes 
of their incidents (Bates and Holroyd, 2012). This warrants a more sys
tematic examination of procedure use, in the field, by those who are 
using them. While procedures have been studied extensively in avia
tion (e.g., Carim et al., 2016; de Brito, 2002; Degani and Wiener, 1997) 
and nuclear operations (e.g., Dien, 1993; Park et al., 2013; Roth et al., 
1994; Savioja et al., 2014), there has been little scientific effort to deter
mine how these studies might apply to high-risk industrial settings 
such as petrochemical, oil and gas, and energy management. In addi
tion, the two relevant studies discussed here are relatively old and may 
not reflect potential changes to procedure use and culture in the indus
try. A systematic analysis of different individual (e.g., cognitive), task, 
cultural, organizational, and political contributors is necessary to fully 
understand the issues. This paper documents a large-scale study that 
was developed to gain further insight into the current issues concern
ing the use of procedures in process industries and to make sense of 
attitudes and behaviors in sociotechnical systems such as this. The 
results of this study will be analyzed such that aspects of these com
plex socio-technical systems that are involved in successful procedural 
systems can be discovered, and potential extant barriers can be iden
tified. This work will inform future work in creating and empirically 
testing mitigation methods to address these barriers.

2. Methods

Semi-structured interviews with operators were conducted 
at 9 different high-risk facilities, specifically refineries, up
stream drilling facilities (including an offshore drilling vessel), 
an electrical management facility, and chemical plants. These 
interviews took place across 6 countries to investigate the pro
cedure forms, usage, adoption, and challenges. The study was 
approved by Texas A&M University Institutional Review Board 
(IRB2015-0219D).

2.1. Data collection

2.1.1. Participants
Seventy-two participants (67 males and 5 females; 
M(age) = 36.7, SD(age) = 10.4) were interviewed. Average 
number of participants per facility was 8.1 (SD = 3.2). The 
participants were from chemical, drilling, or refining facilities 
of five different companies and their years of experience 
in the industry ranged from 1.5 to 40 with an average of 
10.7 (SD = 9.3). The sites were in United States, Canada, 
and Offshore in the Gulf of Mexico, Thailand, South Africa, 
Kazakhstan, and England. Participants were recruited at each 
facility according to the methodology approved by the facility. 
Table 1 below provides details on each site and the roles of 
the participants.

Facilities would follow one of two protocols to recruit par
ticipants: (1) have the researchers present an overview to the 
workers (potential participants) at a shift meeting and then 
workers would approach researchers, indicating their desire 
to participate in the study; or (2) provide the researchers with 
a list of potential participant candidates and these partici
pants would be approached by the researcher during the site 
visit at scheduled times. While this sampling method may 
lead to management-biased selection, barriers to accessibil
ity presented by these fast-paced work environments and 
busy schedules sometimes require a convenient sample based 
on availability. To address this potential bias, anonymity was 
strictly maintained. Also, the presence of negative comments 
among interview responses toward procedures and man
agement suggests participants were not necessarily selected 
according to their willingness to speak positively about the 
research topic.

2.1.2. Instrument
The interviewers used a list of questions to guide the interview. 
The list of questions was adjusted for each new site based on 
whether a topic had reached saturation or if the questions 
were relevant to that particular site. Further, the amount of 
time for the interview was sometimes limited and thus all 
the interviewers asked questions most relevant to procedure 
use during work and any problems or issues participants had 
while using procedures.

The questions on the interview guide changed subtly as the 
project progressed but generally covered the following topics: 
Understanding how workers use procedures; workers’ expe
riences with their job and with procedure use; investigating 
workers’ understanding of terms used in procedures (e.g., cau
tion, warning); types of supplemental materials workers use 
with procedures and to complete work tasks; workers percep
tions of procedure’s general effectiveness; problems workers 
have with procedures and how they can be improved; how 
using procedures affects different aspects of a worker’s expe
rience on the job; what other factors affect how a worker uses 
a procedure; and likes/dislikes of procedures, checklists, job 
aids, and other supplemental materials. While the scope of 
the interview questions did not address all types of proce
dures (e.g. standard operating, emergency), one of the research 
objectives was to investigate what is generally perceived to be 
"written procedures." Our findings are discussed in Section 
3.3.4.

2.1.3. Protocol
Five different interviewers conducted the interviews and used 
a semi-structured approach to gather information from the
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Table 1 -  Overview of sites and participant roles.

Site Type of site Ownership Location Number of 
interviewees

Job roles

1 Refinery and 
chemical plant

Large oil and gas corporation 
(Company 1; same as Site 2)

United States 9 Laboratory Technician; Instrum ent 
Technician; Maintenance 
Electrician; Process Technician 
(x2); Operations Day 
Superintendent; Console Operator; 
FAST Team Operator

2 Refinery and 
chemical plant

Large oil and gas corporation 
(Company 1; same as Site 1)

United Kingdom 2 Process Operator; Instrum ent 
Technician

3 Refinery Large energy corporation 
(Company 2; sam e as Sites 4-6)

South Africa 9 Unit Operator; Process Operator 
(x3); Process Field Operator; 
Outside Operator; Trainer (x2); 
Blending'shipping operator

4 Very large refinery Large energy corporation 
(Company 2; sam e as Sites 3,5,&6)

United States 9 Console Operator; Operator (x6); 
Outside Operator; Operations 
Training Analyst

5 Very large, onshore, 
drilling facility

Large energy corporation 
(Company 2; same as Sites 3,4,&6)

Northwest Asia 4 Oil and gas field production 
operator; Mechanical Fitter; Lead 
Instrum ent Engineer; Boiler House 
Operator

6 Onshore support for 
offshore drilling 
elements

Large energy corporation 
(Company 2; sam e as Sites 3-5)

East Asia 12 General Operator (x2); Craftsman; 
Senior Helper (x2); General Helper; 
PLE QA/QC; Crane Operator; 
Banksman and Rigger; Mooring 
Team Master; Forklift; Oversight 
Foreman

7 Chemical plant Moderate size chemical 
corporation (Company 3)

Canada 8 Operator; PE2 Operator; Operations 
Tech Leader; Operator Technician; 
Senior Panel Operator; Day Trainer; 
Extrusion Panel Operator; Field 
Operator

8 Electrical utility 
company and power 
distribution center

Large energy company (Company 
4)

United States 11 Senior Substation Operator (x3); 
Mechanic A (x4); Mechanic B

9 Offshore drilling 
vessel

Large transport and energy 
corporation (Company 5)

Gulf of Mexico 8 Crane Operator; Engine Room 
Responsible; Senior Dynamic 
Positioning Operator; Hydraulic 
Mechanic (x2); Assistant Fluid 
Drilling Operator; Floor hand; 
Able-bodied Seaman

participants about their experience with procedures and pro
cedure use. Each interviewer followed the same procedures 
(within the constraints that existed at each facility) and were 
all trained on conducting interviews and collecting qualita
tive data. For each site, the researchers would first review the 
informed consent with the participants and obtain their agree
ment to be observed and interviewed. Next, the researcher 
would observe workers perform one or more of their work 
tasks assigned for that day or they would simulate a task 
they normally perform. If allowed by the facility, participants 
were recorded using a GoPro(R) video camera attached to one 
of interviewers to record worker(s) performing the task. Dur
ing the tasks, workers would talk through their processes and 
explain what they were doing, why they were doing it, and 
the machine/paperwork they were using in their task. While 
unstructured observational notes were taken, no such data is 
reported in this paper.

After the observations, the researcher interviewed the 
worker in a private area and the interview usually lasted 1-2 h. 
These interviews were recorded and involved the researcher 
asking a list of questions designed to be prompts for dis
cussions. During these interviews, interviewers occasionally 
asked clarifying questions or asked the worker to elaborate 
on a particular point.

2.2. Analysis using a grounded theory approach

A framework in grounded theory was selected for analyzing 
the wealth of data collected during the interviewing pro
cess. A critical component of this framework in qualitative 
analysis—coding—describes the process of systematically cat
egorizing data using a Qualitative Data Analysis (QDA) tool. 
Approaches in grounded theory are often viewed as progres
sion of coding stages, and two perspectives have developed 
these stages into formal approaches, namely, the Strauss and 
Corbin approach (1990) and the Charmaz approach (2006). 
While both schemes present the coding process as a progres
sion of three coding phases (namely initial coding, focused 
coding, and theoretical coding), a variation of the Charmaz 
approach was selected for its tendency of delaying the point 
at which emerging concepts are set (Bryman, 2015). The analy
sis was conducted using the QDA software MaxQDA-12, which 
features a coding system for sorting segments of interview 
transcripts into user-defined categories, or codes, for further 
analysis. The researcher can then review coded segments and 
interpret relationships based on the information present in 
the category.
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Fig. 1 -  An example of interview responses assigned to a code regarding the impact of procedures on task time.

2.2.1. Initial coding
The first phase of analysis consisted of an initial reading 
and coding of three transcripts from each interview site. 
This process identified patterns among responses to inter
view questions and interesting tangential conversations, and 
marked them under a code category such as the code “Impact 
on Task Time” (Fig. 1). Emphasis in this phase was placed 
upon generating a wealth of descriptive, open-minded impres
sions or new ideas, and therefore codes (Bryman, 2015). Coding 
efforts here also emphasized understanding the extent to 
which code categories could be generalized across sites.

2.2.2. Focused coding
The remaining interviews were read and coded site-by-site 
exploring how personal, task, organizational, cultural, and 
environmental considerations impact participants’ interac
tions with procedures. An emphasis in this phase was placed 
on the development of sub-codes, or more specific categories 
within the initial, high-level categories. Fig. 2 demonstrates 
this process, where sub-codes in a particular site reveal cul
tural influences on problems reported with procedures.

2.2.3. Theoretical coding
The third phase, theoretical coding, develops a framework 
from relationships between codes and concepts that explain 
why the observed phenomena exists (Corbin et al., 2014). The 
descriptive nature of the coded segments from the initial and 
focused coding provides details that motivate the formation 
of theoretical frameworks. In this paper we report some of the 
identified interrelations between concepts/codes (see Table 2, 
Column 3) as well as their theoretical implications.

2.2.4. Inter-coder reliability
The researchers performed intermittent inter-coder reliability 
checks to assess the extent to which coders reached simi
lar interpretations of the interview data while coding. Tw o  
researchers, using the same code system (codebook), coded 
one site’s interviews as a team to build a reliable coding 
process, discussing and resolving interpretations as themes 
emerged. An average pairwise comparison agreement method 
was used to calculate inter-coder reliability. While the thresh
old of 90% agreement is nearly always acceptable (Lombard 
et al., 2002), the co-coding continued until the coders reached 
consensus and the two sets of codes were similar (100% agree
ment).

2.2.5. Iterative coding
An implicit understanding in QDA approaches is the itera
tive nature of inquiry, that is, data interpretations evolve as 
more information is considered over the course of a project. 
MaxQDA-12’s memo system for note-taking and logging obser
vations was utilized throughout the study to facilitate this 
process. Memos describe the complex nature of the coding

journey and the evolving thought on a project as initial obser
vations, visions or ideas change over a period of time. To this 
point, codes were added as themes emerged during the initial 
and focused coding phases.

3. Results

The initial coding process resulted in formation of 16 gener
alized topics across all sites (Table 2, Column 2). During the 
focused coding phase, these codes were grouped into higher- 
level, abstract categories (Table 2, Column 1). These abstract 
categories represent the emerging themes from the qualitative 
data and are discussed below. An important strength of qual
itative data analysis is the ability to identify and model the 
interactions between several constructs. These related topics 
generated from the interview data were documented for each 
high-level category to inform theoretical coding and future 
analysis (Table 2, column 3). The high-level categories and 
their associated concepts are discussed below.

3.1. Purpose/use for procedure

Procedures have multiple purposes, often dependent on task 
or equipment. Some examples include training, support or 
general guidance for plant operations, troubleshooting, m it
igating risks, or handling emergencies.

3.1.1. Train ing  novices
Many interviewees mentioned that procedures are used for 
training purposes, particularly for new employees. Accord
ing to interviewees, procedure use and perceived importance 
decreases gradually as the effects of learning, repetition, and 
memorization set in. On this point, some highlighted the 
important role of experienced personnel in successful training 
on how to conduct tasks and use procedures.

“If it is a procedure that has not been changed in 10-15 years 
once you are trained on it, and you look at it and you  are reading  
through it and you s ta r t doing the sam e  things over and over and  
over again, there is really no reason to go back and look at it."

“W ell-trained  people and procedures go hand-in-hand with each 
other, you know w h a t I’m  saying? Because it teaches the  upcom
ing younger guys how  to learn and how  to go about these 
guidelines and how  to w ork safely. But if you have good teach
ers, good trained people to teach the newer guys, you’re setting 
up success.”

3.1.2. Pressure from management
A majority of participants described using procedures out of 
concern for job security, or fear from organizational punish
ment. This phenomenon explains the procedure use even 
when perceived importance significantly drops as a result of 
repetition. While many find such compliance-driven usage
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Fig. 2 -  Sub-codes emerge regarding problems with a language mismatch between procedures and their users at a 
particular site.

Table 2 -  Results of initial and focused coding and modeling relationships.
Higher-Level categories Concepts/codes Related topics

Purpose/use for procedure 

Procedure change/updates

- Training novices
- Pressure from m anagem ent

- Reactive change process
- Procedure endurance
- Not changing procedure
- User removed from writing/change process
- Procedure change timing

Alternative documents, effectiveness of frequent 
tasks, infrequent/critical tasks, emergency 
procedures, near m isses/incidents 
Outdated, perceived importance, perceived 
reliability, near m iss/incidents

Attitudes towards 
procedures

- Perceived im portance for non-routine tasks
- Perceived safety
- Impact on task time
- Alternative documents
- Emergency procedures

Team interactions and deviation

Effect of environm ent - Effect of weather
- Personal protective equipm ent (PPE)

Technology, alternative access, digital medium s for 
procedure

Other reasons for deviating 
from procedures

- Outdated or excess information
- Issues w ith digital access
- Language barriers
- Impact of form at on usability

Change, im pact of format, medium  for procedure, 
digital access, m ism atch between user and writer

necessary, for many it has resulted in frustration. The culture 
of blame may also mark a division in the organizational struc
ture, which might obstruct communication pathways between 
users and supervisors, particularly involving the documenta
tion of important information.

“Everything we think of out here is, “Am I going to get fired for 
this?" And I know if I have that [procedure], I mean I don’t 
have to worry about that part of it... Ajter I’ve done it five 
times the only thing I'm looking for specifically on it is just the 
tag numbers..

"So there is that old culture, 'between me and you this is how it 
works', 'between you and me this is what you need to know’ - 
because there is that attitude of job protection. I’m trying to just 
sap all that information out of them. ..”

3.2. Procedure change/updates

Changes in tasks, equipment, teams, and operations over time 
demand procedure updates. Despite this, delivering and man
aging these needed changes may prove to be challenging in 
complex facilities.

3.2.1. Reactive change process
Many interviewees suggested procedure changes are made 
reactively after an observed error, near miss, or incident. This 
popular opinion has developed into a common saying in the 
industry (observed in two sites) that procedures are “written in

blood", demonstrating a reactive organizational behavior for 
changing, as well as creating new procedures.

“We always said it’s always procedures written in blood, so 
it's always been changed, or it’s there because something bad 
happened.”

“We'ue gotten to this point because bad things happen, and we 
write one. Ouer the years, bad things happened and we make 
procedure.”

3.2.2. Procedure endurance
Coupled with this reactive behavior is a long evolution process 
for procedures, demonstrated over years of writing and adding 
information to older procedures. This may result in feelings of 
perceived safety and reliability toward procedures with a justi
fication of procedures being tested over decades. However, the 
slow development offers another explanation for the reported 
problems of excess information, over-encumbrance of docu
ments, and outdated procedures, as writing procedures then 
attends to newer updates rather than evaluating the relevance 
of past instruction.

“There are not a whole lot of new procedures here. A lot of them 
have been around since the 1980s. They have just continually 
evolved over time with slight changes here and there."

“There are a couple that are still in circulation that need to be cre
ated, but quite simple, a procedure has been written after years 
0/ getting things wrong. I think I feel safer to have a procedure
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on it and following it. It allows you to predict who does wrong 
and w ha t’s not working.”

3.2.3. Not changing procedure
About a third of interviewees mentioned a pattern of partici
pants purposefully not changing procedures. Reasons for such 
behavior have been attributed to uncertainty regarding the 
change process and complacency with the current state of 
procedures, since practical knowledge develops as a result of 
training and experience and is viewed as more important than 
dependency on procedures.

“I mean we have procedures out there right now that we know 
are wrong... I know there’s some tha t we try to get them changed 
and redline them, but until that gets changed, we know at that 
point, well, I can’t do that or that isn’t feasible to do.”

.. the biggest problem I could blame myself for is for looking at 
the procedures now and knowing better than what the procedure 
says and not taking the time to update them - and not taking 
the tim e to have the discussion with new  hires. I know for m yself 
tha t has caused problems and I can take the blame fo r  tha t - you 
probably should have mentioned to a new operator.”

3.2.4. User rem oved fro m  writing/change
Participants commented that after noticing procedural imper
fections, the change process is often handed off to others in 
the organization. Just under half of participants identified an 
authority to whom they report directly regarding change pro
cesses. Many found the actual process of updating or writing 
new procedures to be non-transparent. After procedures were 
updated, about a third of participants expressed concern about 
an apparent gap in understanding between writers and users 
of procedures.

“I know tha t you should inform your supervisor. That’s what you 
do, but I’m not sure where it goes from there.”

. the coordinator is going to do it, the operator, the contract 
engineer, often they will go unrevised for a while until some
one takes the initiative - which is usually the operator. Usually 
somebody's got to get m ad [before they will change itj”

“Okay, someone sitting in a cubicle who wrote this, but they 
have actually no idea what it looks like whenyou’re putting 
your hands on the pieces 0/ equipment. And it makes it difficult 
sometimes.”

3.2.5. Procedure change timing
The timing for the response to a procedure change request 
varies widely depending on elements such as the perceived 
significance of the change, the facility (even unit within a 
facility), perceived task importance, and possible safety impli
cations. The variability of the timings ranged from a few days 
to up to three years—with the efficiency of the change process 
being primarily dependent on the organization or the unit.

“I wrote four of them, and it took almost a year before 
they finally got processed. Even then, by the time it got to 
the end of it, it’s not what I wrote... And yet seven people 
approved of it.”

".. I’d see it within a week or two, you know? Now if it’s 
some kind of big emergency... I’m sure they could get on 
the phones and talk to each other and get that done fast.”

3.3. Attitudes towards procedures

3.3.1. Perceived im portance fo r  non-routine ta sk s
While procedure usage decreases for frequent and routine 
tasks as discussed above, procedures for infrequent tasks 
are associated with high utilization. Participants complet
ing an infrequent task benefit from a procedure review as a 
refresher of task requirements. Some participants associated 
the decline in usage of procedures for routine tasks with com
placency.

“We do have some for routine tasks, also, but things like the non
routines, you really concentrate on those particular procedures 
more than routine, you do it over and over and over and pretty 
much know things don't change. So, non-routineprocedures usu
ally, you kind of go over a lot more.”

“I like procedures related to things that require procedures, if that 
makes any sense. If you start creating procedures for routine 
tasks that you do every single day.. we’ll become complacent 
with it...”

3.3.2. Perceived sa fe ty
Generally, those using procedures feel safer when using them 
than not using them. Due to long-term adoption of most 
procedures, users perceive procedures as safeguards against 
uncertain situations or potential dangers. Using the proce
dures as a refresher or guide also helps the user to feel safe 
when performing the tasks.

“Procedures here have been beaten and tried and tested fo r  some 
o f them  decades, so they’ve had a long time to figure out some 
of the kinks in these procedures and they haven’t changed them  
a lot.”

“.. .a procedure has been written after years of getting things 
wrong. I think I feel safer to have a procedure on it and fo llow 
ing it. It allows you to predict who does wrong and what's not 
working.”

3.3.3. Im pact on ta sk  tim e
Many participants mentioned that the task duration increases 
with procedure use. Some mentioned that this also prevents 
oversight. Task times are reported as generally longer for 
new employees but decrease as the procedure is learned. In 
addition, process sign-offs reported increasing task time sig
nificantly.

“A lot 0/ times in this field... doing something quickly can lead 
you to a m istake, taking the time to talk to someone or looking 
at the procedure, quite often slowing down is the answer to 
preventing incidents."

“It could probably slow you down a little bit, but I don’t think 
that that's necessarily a negative. Because usually it slows you 
down, it makes you think better. Helps prevent you from  making 
m istakes in oversight, getting hurt.”

3.3.4. Alternative docum ents
A variety of documents have been developed to match the 
variety of tasks conducted in high-risk work environments, 
such as checklists, field guides, ‘what if cards, and Job Safety 
Assessments (JSAs) that are considered distinct from the 
“procedures.” Alternative documents, while not framed as 
procedures, were perceived to serve the same goal of mit
igating risks and hazards in operations. The abundance of
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different documents, serving similar purposes under different 
guises, may pose complications in procedure use.

“Well, I don’t know i f  you  actually call 'em procedures, but they 
have, we used to have a database o f w ha t they call JSAs, which 
now we w ent with the handwritten JSAs. That's basically your 
job steps. With the addition 0/ your job steps, they  also have your 
hazards involved. Yeah, there's different forms, but they all tell 
you relatively the same thing, you know?"

"They invented this other idea that you should do these 'What 
1/cards’, which is kind of a procedure but not really, there is too 
much emphasis on that”

3.3.5. Em ergency procedures
Many participants claimed they do not prefer a procedure 
in emergency situations. Participants believe training, expe
rience, and review of procedures prior to work prepares 
participants for best reaction in a time-critical emergency 
situation. In addition, procedures may not exist for some 
emergency situations. Many mentioned using procedures ret
rospectively to validate decisions and in one facility they 
would review the emergency procedures for the task-at-hands 
that day to ensure they had memorized the first few steps.

“We don’t really have a procedure for each individual emergency 
scenario. [As] part of your training, we already know what’s 
going on with this. What we’re responsible for, we’re supposed 
to know.”

“.. .depends on the emergency, usually you act first and do 
most of the stuff, there could be smaller things that could 
be overlooked - so that’s where the emergency procedure 
would be good to have printed off so you can check off and 
go through and make sure you’ve done everything”

3.4. Effects of environment

Environmental factors such as weather and protective equip
ment were reported to restrict procedure usage. This finding 
saturated at a very early stage in our interview process. As 
these findings emerged, emphasis shifted to other elements 
of the interview study surrounding contextual considerations.

3.4.1. Effects o f  w ea ther
A  majority of the participants who were asked about envi
ronmental factors reported on their negative effects on use of 
procedures. In particular, wind and rain complicate the use 
of paper procedures, motivating a closer look at alternative 
mediums and access, such as digital procedures.

“.. .especially with rain, even i f  w e’re doing a procedure with a 
console, if we got our copy with rain, you can hardly read it. Rain 
m esses with our unit so much, it changes your temperatures and 
everything. Normally he’ll be having an alarm  going o ff while he’s 
trying to sign a procedure. And  that’s how you can get signatures 
missing.”

“...The rain if anything! Then I have to carry around a wet 
piece of paper.”

“Typically, i f  you w an t to take any paper to walk outside, you got 
terrible wind, it’s difficult. Now you have to turn the page. So, 
if you somehow grab onto your papers, because you get terrible 
wind..."

3.4.2. Personal protective equipment (PPE)
These environments often demand PPE use, such as gloves or 
face shields, which were reported to impair operators’ ability 
to handle procedures. Indeed, these PPE considerations, cou
pled with weather effects and requirement of in-hand paper 
procedures, create complications that lessen the intended 
effect of improving safety.

“...Rainy weather, PPE, yes. like you said they should have dif
ferent types o f  gloves. You have ceramic gloves, you [have] PVC 
gloves, you have this type o f glove, that type o f gloves, so you 
find  out that mostly when it rains, it’s not comfortable to walk 
around with a certain pair of glove or to hold on with a certain 
pair o f glove because it might be slippery.”

“Even if you’re wearing a pair of gloves and it says to wear your 
gloves, and you know, sometimes that little bulky and grim. So, 
‘all right, hold on. Let me take my glove off real quick.’ That 
happens.. .and you forget to put them back on, and still working 
without them.”

3.5. Other reasons for deviating from procedures

3.5.1. O utdated or excess inform ation
Many problems were reported with procedure use, including 
issues with accessibility, format, and too little or too much 
information made available. The most apparent of these were 
outdated procedures and information overload (both mentioned 
by about half of the participants) as a contributor to aban
donment of procedures. Indeed, the interaction between these 
symptoms as well as their mutual reinforcement may result 
in propagation of impacts. For example, sites with reactive 
procedure change cultures (discussed in Section 3.2.1) empha
sized the addition of information regarding new changes over 
evaluating the validity of past instructions.

“The length and the actual critical steps are lost in the fluff that 
keeps getting put into them by people that don’t understand."

“I got a 50-page procedure that could be 10 pages. It doesn’t 
have to be 50. It’s like they try to make sure they cover everything 
precisely. But I’ve been here so long that I know that I don't need 
them. It doesn’t need to be so long-winded or anything. It's like, 
talking to somebody that doesn’t understand it at all!”

3.5.2. Issues with digital access
Procedures are typically printed from a database that imple
ments strategies to organize and manage procedures, and are 
physically distributed, or housed, at multiple points of access. 
Technology offers additional digital formats and access, such 
as the use of handhelds for checklists in some sites. Partic
ipants at sites without technological access suggest digital 
mediums may improve accessibility. Counter-intuitively, sites 
using handhelds have reported a misuse of the technology 
that perpetuates a burden of tasks.

Sites without handhelds:

“I don’t know if it’s an issue, but maybe easier accessibility -  if I 
could pop it up on my phone quick.”

“ . . .  if there were something with a touch screen at the job site 
that you could just pop up, you know, touch the screen, this is 
what I’m looking for, and it knows how to run through a quick 
little review for you and take it apart and think it up and shows 
it to you, that would be awesome.”

Site with handhelds:
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“Yes, I love the handheld, but they use it to pile too much work on 
us.. ..Up to the operator to check every piece of equipment- some 
people can get caught up in the handheld. They need to make their 
rounds and checfe every piece of equipment instead of focus just 
on the handheld.”

“[regarding handheldJ instead of really fixing the issue at hand, 
they just throw more checklists at us to make sure we’re check
ing it. Instead of fixing the main problem. This is what we've been 
seeing over last 2 years."

3.5.3. Language barriers
A prevalent problem with procedures in some international 
sites is that English is not the primary native language. 
Procedures have been reported to include technical English 
terms that pose language barriers. Operators rely on team 
interactions and supervisors to translate the documents and 
procedure boards. Translations can be prone to misinterpre
tation and require extra time and resources (see Fig. 2).

3.5.4. Impact of format on usability
Different sites employ a variety of formats for written proce
dures. Responses have indicated that information such as key 
steps, risks, or cautions are perceived with greater importance, 
but may get lost in the symptoms of information overload. 
Making such information more salient was highly desired by 
participants. Additionally, labeling as well as pictorial realism 
(i.e., using pictures and diagrams to illustrate parts) were dis
cussed as desirable methods to improve procedures’ usability 
by some of the respondents.

"... what I’d like to do in my time we used to make [cautions] bold. 
‘This is now critical'. And then I am involved in after them... I
would like them very bold or make them even in red color code.”

"... I might read and then I don't know what that part is, but 
if you show me the picture of it, I can go to that part and be 
comfortable with it... Now, I’m not saying all of them are like 
that. Some of them do have the picture. But that... [picture] is 
like micro sized and it's in black and white.”

“If it’s something that’s fairly routine, you can take it, label the 
valves, and have a diagram where the procedures/job aid says 
‘turn valve’, 'open valve’. ..”

4. Discussion

Some of the gaps identified in the analysis presented here are 
consistent with the findings by previous similar studies (e.g., 
Bullemer and Hajdukiewicz, 2004; Jamieson and Miller, 2000), 
specifically, the challenges regarding the change process and 
the resulting distrust of procedures by workers, the need for 
having updated and accurate procedures, and procedures not 
being presented in a clear manner that facilitated their use in 
the field.

However, this study also identified new concerning ele
ments related to procedure deviation or disuse, namely: 
effects of the environment, unintended consequences of 
handhelds (digital access), changes to procedures often being 
reactive, emergency procedures not necessarily being used as 
intended, frequency of the task, and impacts of the workers’ 
native language with understanding procedures. Handhelds 
and digital access are particularly interesting here in that they 
present a possible paradigm shift away from paper written doc
uments, and possibly tackling the widespread symptoms of 
information overload and excess documentation while pro

moting use of the information databases already managing 
these procedures. These findings complement Hajdukiewicz 
and Reising (2004), who suggest limited integration of these 
mobile devices with procedures and databases. On the other 
hand, sites with handhelds reveal malfunctions in the organi
zational systems that mirror problems observed with written 
documents, namely, generating excessive information that 
can complicate, rather than streamline, plant operations. 
Future work should investigate proper integration and evalu
ation of implementing procedures via handheld technologies.

Further, the evidence suggests that procedures are some
times used merely out of fear for job security which may 
hinder one’s ability to identify or reflect on the accuracy or 
adequacy of procedures for certain context. Regardless, per
sonnel sometimes deviate from procedures within the bounds 
of their comfort, experience, and training to accomplish 
work in a setting that discourages organizational flexibility 
or seek approval from management to deviate from proce
dures. Indeed, obstacles such as outdated procedures or even 
emergency situations could benefit from an organizational 
flexibility through enabling some autonomy on the part of an 
operator to respond to situations in line with previous train
ings without fear of being punished.

Our findings are in line with the literature (e.g., Iannuzzi 
and Jamieson, 2015) in suggesting that operator experience 
level affects procedure usage. Attitudes towards procedures 
are not generally positive especially among experienced per
sonnel given their extensive training, prior knowledge, as 
well as efficient teamwork and communication. While using 
learned responses and previous experiences may promote 
safety in some time-critical contexts (Park and Jung, 2003), 
experienced personnel may not find procedures necessary or 
efficient in all cases. The emerging relationships between fre
quency of tasks, expertise level, and perceived importance 
have been discussed in Vicente and Rasmussen’s (1992) clas
sification of complex human-machine systems where it is 
suggested that the current model of having all procedures 
presented in the same format may not be the best model. 
Specifically, Vicente and Rasumussen identified 3 types of 
events: (1) unfamiliar and unanticipated events, (2) familiar 
events, and (3) unfamiliar but anticipated events. Our findings 
suggest that some operators rarely rely on procedures during 
unfamiliar and unanticipated events, instead relying on train
ing and experience to “just get the situation under control.” 
Often, they mentioned that they may refer to the procedure 
after the system had been returned to a steady state but that 
using written procedures during an abnormal or emergency 
situation was often logistically impossible. This is in line with 
Bullemer et al.’s (2011) finding that suggest the majority of 
the procedure usage failures in this domain are associated 
with abnormal situations. Unfamiliar but anticipated tasks fall 
under the domain of safety critical tasks, and our findings sug
gest participants are most likely to use procedures for these 
operations and that current formats are best suited for these 
types of events. However, this does not seem to be the case 
for familiar tasks. With familiar tasks, training, automaticity, 
and complacency are key components regarding reported pro
cedural deviation, slips, and lapses. Future research should 
focus on identifying how to best support workers’ adherence 
to standardized procedures for tasks done frequently and as 
they progress from a novice to an expert with the tasks and 
environment.

While this paper documented the results of the initial 
and focused coding phases, and identified some interrelations
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between codes and categories that informed several theories, 
the detailed documentation of new theories and their impact 
on procedure usage in petrochemical and refinery plants is the 
subject of a future publication. Work is in progress to com
pare different sites in terms of specific contextual variables 
such as cultural and organizational factors, as well as exper
tise and task frequency to inform a set of context-specific 
recommendations regarding procedures’ usage, adoption, and 
proper form. These contextual considerations will reveal the 
extent to which findings cannot be generalized across sites, 
such as those immediate opportunities for improvement in 
tackling translation issues in international sites.

5. Conclusion

A large-scale study was conducted to investigate the issues 
pertaining the use of procedures in petrochemical and refinery 
industries. A large sample of 72 operators from 5 companies 
were interviewed across 9 international sites. A rigorous cod
ing mechanism was used to understand the main constructs 
and their interrelations. This paper provides an overview of 
some of the important topics discovered. The findings of this 
study indicate that while the perception of procedures among 
operators is generally positive, there are several issues that 
contribute to deviation, disuse, or frustration. In line with 
previous findings, outdated procedures plagued by informa
tion overload contribute to deviation and abundance. Further, 
current trends show a reactive organizational behavior sur
rounding procedures, a general disconnect between users of 
these documents and those who write them, and, some sites 
using a punitive culture around procedural adherence. Inter
views suggest that experience level of the worker and the 
frequency of the task—NOT the criticality of the task—has reli
able influence on workers’ use of and perceived importance of 
the use of written procedures in their current format. Work 
is in progress to identify complex relationships between the 
identified constructs. In future reports, we will present the 
findings as well as several context-dependent variables that 
effect procedure use in petrochemical and refinery industries.
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