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Abstract—The future direction for incident prevention lies in 

using investigation methodologies as a tool that both 

integrates and compliments pre-existing processes such as 

risk management and audit. Using investigative tools to 

identify and resolve the precursors to error and learning 

from past incidents can assist organizations to gain an 

appreciation of the strengths and limitations of their safety 

systems and reduce errors that lead to incidents. The 

motivation of this paper is to narrate the event based 

methodology “Sequentially Timed Event Plotting” (STEP). 

This paper signposts the analytical approach that graphically 

depicts sequentially timed Events. All events are expressed 

with formatted building blocks composed of an Actor and 

Action. Explained by what means this method is quite useful 

to discover and analyze problems and assess mitigation 

options, in addition to performing analysis of the types and 

sequences of events that can lead to an accident. Besides the 

benefit of using Sequentially Timed Event Plotting (STEP) 

accident investigation method also been revealed. 
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I. INTRODUCTION 

Although investigators had previously used diagrams and 

charts, The Bureau of surface transportation safety of the 

national transportations safety board (NTSB) introduced 

Multilinear Event sequencing (MES) concepts in the early 

1970‟s to analyze and describe accidents. “Sequentially 

Timed Event Plotting” is the name used for multi linear 

events sequence based matrix display. It evolved from the 

1975 MES concepts but only events are displayed because 

conditions or states are changed by actions. Sequentially 

Timed Event Plotting (STEP) method was developed by 

Hendrick and Benner (1987) the matrix entire focus on the 

behaviors or actions, which produced the undesired 

outcomes and would have to be changed to improve future 

performance.  

II. ACCIDENT INVESTIGATION METHODS 

The models used in accident investigation can typically be 

grouped into three types: sequential, epidemiological, and 

systemic models. Although the sequential and 

epidemiological models have contributed to the 

understanding of accidents; they are not suitable for 

clarifying the complexities and dynamics of modern socio-

technical systems. In these systems, the interactions and 

events are connected in complicated ways, and standard 

safety engineering techniques alone are not sufficient to 

follow the accident relationship. When analyzing major 

accidents in process industries, a more systematic and 

professional model is needed than when supervisors and 

workers are investigating a normal minor accident in a 

simple setting.  

 Accident investigation methods have developed 

significantly throughout the industrial age into the “age of 

the organizational accident” (Reason, 1990). As 

technologies advanced and systems became more complex, 

many disciplines have researched the sources of human, 

machine, and organizational failures that have led to 

accidents. Engineers, economists, psychologists, 

sociologists, attorneys, insurance companies, and industry 

managers were among the most prominent disciplines to 

actively seek out causes of accidents. The realm of accident 

investigation research currently encompasses risk 

management, problem solving, decision-making, human 

error, organizational safety culture, safety systems, and 

other human, machine, and environmental interactions. As 

Kjellen (1987) remarked, “The development of the 

necessary means to reduce risk of accidents involves a 

multidisciplinary approach and a close cooperation between 

theory and practice.” The integration of disciplines has 

facilitated a broader perspective and the ability to examine 

causative factors more accurately. This collaboration will 

remain essential to the ongoing search for the understanding 

and insights into the causes of accidents. At this anecdotal 

considering to explore and study the significance of using 

Sequentially Timed Event Plotting (STEP) method for 

investigating the accidents effectively. 

III. SEQUENTIALLY TIMED EVENTS PLOTTING METHOD 

STEP provides a comprehensive framework for accident 

investigation from the description of the accident process, 

through the identification of safety problems, to the 

development of safety recommendations. The first key 

concept in STEP is the multi-linear event sequence, aimed at 

overcoming the limitations of the single linear description of 

events. This is implemented in a worksheet with a procedure 

to construct a flowchart to store and illustrate the accident 

process. The STEP worksheet is a simple matrix. The rows 

are labeled with the names of the actors on the left side.  

 The columns are labeled with marks across a time 

line. Secondly, the description of the accident is performed 

by universal events building blocks. An event is defined as 

one actor performing one action. To ensure that there is a 

clear description the events are broken down until it is 

possible to visualize the process and be able to understand 

its proper control.  

 In addition, it is necessary to compare the actual 

accident events with what was expected to happen. A third 

concept is that the events flow logically in a process. This 

concept is achieved by linking arrows to show 

proceed/follow and logical relations between events. The 

result of the third concept is a cascading flow of events 

representing the accident process from the beginning of the 

first unplanned change event to the last connected harmful 

event on the STEP worksheet. The organization of the 

events is developed and visualized as a „„mental motion 
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picture‟‟. The completeness of the sequence is validated 

with three tests. The row test verifies that there is a complete 

picture of each actor‟s actions through the accident. The 

column test verifies that the events in the individual actor 

rows are placed correctly in relation to other actors‟ actions. 

The necessary and sufficient test verifies that the early 

action was indeed sufficient to produce the later event, 

otherwise more actions are necessary.  

 The STEP worksheet is used to have a link between 

the recommended actions and the accident. The events 

represented in STEP are related to normal work and help to 

predict future risks. The safety problems are identified by 

analyzing the worksheet to find events sets that constitute 

the safety problem. The identified safety problems are 

marked as triangles in the worksheet. These problems are 

evaluated in terms of severity. Then, they are assessed as 

candidates for recommendations. A „STEP‟ change analysis 

procedure is proposed to evaluate recommendations. Five 

activities constitute this procedure. The identification of 

countermeasures to safety problems, the ranking of the 

safety effects, assessment of the trade-off involved the 

selection of the best recommendations and a quality check. 

IV. “STEP” INVESTIGATION PROCEDURE 

The principle is to identify the events that are related to the 

accident sequence. These events are arranged in a time 

sequence and associated with individual actors. The result is 

a diagram presenting the sequence in relation to different 

actors. 

 The investigation procedure has a number of 

stages. In the somewhat simplified description presented 

here, it contains: 

1) Preparation 

2) Data collection 

3) Identification of events and actors, which are 

recorded as building blocks 

4) Organizing building blocks in a STEP worksheet 

with time on one axis and actors on the other 

5) Showing the connections between the different 

events using arrows 

6) Testing the STEP worksheet 

7) Proposing improvements 

8) Summing up the results 

A. Preparation 

The investigation starts with the establishment of scope and 

aim, and resource planning. The original description 

recommends that the time limits– the beginning and end of 

the accident sequence – are defined during the preparation 

stage.  

 My view is that it is too early to do this before the 

investigation has started. Instead, preliminary time limits 

should be specified, which can be corrected later if needed. 

B. Data Collection 

Data collection is performed by interviewing witnesses, 

studying documents, etc. One part of this is to establish a list 

of actors (see below) who are relevant to the accident. 

C. Identification of Events and Actors 

An event is an action performed by an actor, which can be a 

person or an item that influences the accident process. 

Events are the basic building blocks in the investigation, and 

each event should be documented carefully. 

The documentation covers: 

 Time of the event 

 Duration 

 Actor 

 Action data 

 Source of information 

D. Organizing Building Blocks 

The building blocks are positioned on a STEP worksheet, 

which in principles a matrix with time on one axis and 

actors on the other. Figure below shows the basic layout. 

The sequence has been assumed to start at time t0, and 

should note that the time scale does not have to be linear. 

Each event is related to a specific actor, and is positioned at 

the time it occurred. The left side of the event square 

indicates the start time. 

 
Fig. 1: Organizing Building Blocks 

E. Showing the connections between the events 

Arrows are used to show how the events are related. 

According to Hendrick and Benner (1987), only direct 

(causal) relationships should be relevant. However, it is 

rather common that indirect effects are also included. 

F. Testing the STEP worksheet 

One feature of STEP is that it involves a systematic check 

on the worksheet, which can lead to additional events or 

corrections. This test stage has four parts. 

 The first is called Back STEP, which is used to 

determine what happened during a gap or time interval with 

uncertain information. The principle is to start with a block 

to the right of the diagram, and ask questions about what 

could have led to that. 

 In the row-test, the focus is on one actor at the 

time. The aim is to discover if some information might be 

missing. In doing this, the “First law of accident 

investigation” (Hendrick and Benner, 1987) is useful: 

Everyone and everything is always someplace doing 

something during an accident. 

 The column-test checks the sequence of events and 

timing by analyzing the placing of each event. To pass the 

test, the studied event must have occurred after all events to 

the left in the diagram, and before all to the right. 

Furthermore, all elements in the same column should occur 

at the same time. 

 The necessary-and-sufficient test is used to check 

couplings between the events. One question is whether an 

earlier action was sufficient to produce a later event, or 

whether other actions were also necessary. This might lead 
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to more events being needed to explain what happened. 

Another issue is whether there are too many arrows entering 

a building block, or whether unnecessary events are in the 

diagram. Hendrick and Benner (1987) state that the goal is 

for an event to be preceded only by as many events as are 

necessary. 

G. Proposing Improvements 

STEP includes a scheme for the identification of safety 

problems and the development of safety recommendations. 

This involves an inspection of all blocks and arrows in order 

to find safety problems, as revealed by the effects on later 

events. The problems are converted to statements on the 

need for corrective actions. These are marked as diamonds 

in the STEP worksheet, and refer to a separate list in which 

the suggested countermeasures are described. 

Overall Imprint 

Constructive Unattractive 

 Good, overarching and 

quick method. 

 Provides simple and 

clear picture of the 

sequence of events. 

Logical and easy to 

understand. 

 The method supports 

multiple actors and 

parallel sequences. 

 Includes quality checks. 

 Does not capture 

underlying factors, 

latent weaknesses or 

organizational 

deficiencies. 

 The method tends to be 

overly ambitious when 

few operators are 

involved. 

 

V. CONCLUSION 

For many organizations, incident investigation and analysis 

is an important step in efforts to learn from mistakes and to 

improve occupational safety and health. Organizations 

investigate incidents in order to understand not only what 

went wrong, but also why it went wrong, and what can be 

done to prevent reoccurrence. From an Occupational Safety 

and Health (OSH) management perspective the main goal 

should be to understand the causes of the incident. Blame 

and fear can seriously complicate any efforts to uncover 

what really caused an unwanted event. The period directly 

following the occurrence of a serious incident is often a time 

of great confusion. As a result the best time to develop an 

effective incident investigation procedure is before an 

incident occurs. Each Organization should consider the 

criteria for whether to investigate incidents arising from its 

operations. Ideally this decision should not only focus on the 

seriousness of the event (outcomes) but also on the potential 

for learning from the event. When an accident occurs there 

are many different methods available which can be used to 

conduct an analysis. The best safety improvements may be 

expected when the method selected allows the investigator 

to dig deep and to uncover „root causes‟ or „underlying 

causes‟ rather than just the immediately apparent causes.  

 STEP provides useful method for illustrating and 

investigating active issues. STEP, is a very practical way to 

construct a timeline and connections between actors.   The 

STEP method considered to be premium with realism, 

comprehensiveness, consistency, and ease of use, Therefore, 

principally, STEP method would be valid. The STEP 

method determined to be a method that valuable in 

organizing and collecting data at the onset of the 

investigation. Valuable in its ability to follow actors and 

events along the causal chain and illuminate breaks in the 

sequence. It also illustrated possible interactions among 

actors and graphically depicted the accident process in an 

easy to follow and updateable format.  

 The STEP method would be a powerful tool in the 

data collection/developmental stage of an investigation. 

Slightly different variant has been proposed by the 

Foundation for Scientific and Industrial Research (SINTEF) 

in Norway (Sklet, 2002). In this, a triangle is used to mark 

safety problems on the worksheet. The STEP method 

assumes situations with strict relations between cause and 

consequence, and other influences are not prominently 

included. Already at the planning stage of a STEP 

investigation, the starting point of the accident should be 

implicit. However, I think that this is hard to establish too 

early, and will be rather arbitrary. In conclusion, the choice 

of method influences the practical investigation procedures 

as well as the accident analysis and its outcomes. 
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