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o Background:
• PhD, Maritime Transportation Engineering, 

Istanbul Technical University
• Oceangoing Chief Officer

o Current Status:
• Technical Officer OpenRisk Project
• Assistant Professor Istanbul Technical 

University

o Research Areas:
• Maritime safety and transportation
• Risk, Safety & Reliability Assessments
• Human factor at sea 
• Maritime energy management and energy 

efficiency
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Functional Resonance Analysis Method—FRAM Background

• FRAM: is a qualitative tool that was developed by Erik Hollnagel in the early-to-mid 2000s as 
part of the ‘Safety-II’ ideology;

• The ‘Safety-II’ way-of-thinking is in stark contrast with ‘Safety-I’ thinking traditional risk 
assessment and accident investigation methods

Different sources of success and failure: Safety-I (a) and Safety-II (b)

Presenter
Presentation Notes
The ‘Safety-II’ way-of-thinking considers successful and unsuccessful events to stem from the same source, and treats them as consequences of system performances and variability. This is in stark contrast with ‘Safety-I’ thinking traditional risk assessment and accident investigation methods which attempt to determine the root causes of problems and identify sources or factors which lead to failures and hazards in systems and processes. In this sense, the scope of ‘Safety-II’ and tools such as FRAM is broader than that of ‘Safety-I’ and traditional risk-assessment tools: whilst the latter only focus on things that go wrong, the former also attempt to understand why things go right (which is the case most of the time in systems). For this purpose, tthe system functioning is not considered bimodal, i.e. function or malfunction, but strictly related to everyday work and subsequent performance variability, which is the real source of success as well of failures, as shown in Fig. 1.
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FRAM  Background

o FRAM uses a non-linear accident model 

o FRAM has been already used by high-risk industries such as aviation, maritime, medical and the 
nuclear sectors, they have explored the use of it in different contexts over the last decade.

Presenter
Presentation Notes
Most accident analysis methods were developed having considered that the systems we have are linear, based on the assumption that accidents are the (natural) culmination of a series of events or circumstances, which occur in a specific and recognizable order. The consequence of this thinking is the belief that accidents are prevented by finding and eliminating possible causes. Safety is ensured by improving the organization’s ability to respond, since hazardous risks are due to component failures (technical, human, and organizational), and looking for failure probabilities (event tree, PRA/HRA). The future is a ‘‘mirror’’ image of the past [6]. However, the analysis of recent catastrophic accidents has shown that we are not able to produce system outputs with the amount of energy, interconnections, interactions, people trans- ported, etc. that we need with linear systems Therefore, we really need complex systems and new methods to analyze complex.The common assumption in many accident investigation methods is that the system can be decomposed into meaningful elements (components and events), the function of each element is bimodal (true/false and work/fail), the failure probability of elements can be analyzed/described individually, the order or sequence of events is predetermined and fixed, when combinations occur they can be described as linear (tractable and non- interacting), and the influence from context//conditions is limited and quantifiable.After Perrow [1], and according to resilience engineering view, accidents are proposed as being normal occurrences, an emergent property of a complex system. Large-scale systems stretch established accident analysis methods (Domino, Root Cause, Fault Tree, etc.) to the limit, especially when human and social factors become recognized as important contributors—both to accident and safety.FRAM [6] uses a non-linear accident model based on the assumption that accidents result from unexpected combinations (resonance) of normal performance variability. According to this view accidents are prevented by monitoring and damping variability among system functions, and safety requires the ability to constantly anticipate future events. 
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FRAM-Principles

o The FRAM relies on four basic principles (Hollnagel, 2012):

FRAM 
Principles

Principle of 
equivalence 
of successes 
and failures

Principle of 
approximate 
adjustment

Principle of 
functional 
resonance 

Principle of 
emergence

Presenter
Presentation Notes
The FRAM relies on four basic principles that pervades the way of thinking when applyingthe method (Hollnagel, 2012):• The equivalence of failure and success. Meaning that the same mechanisms lead toeither the desired outcome or an accident.• The approximate adjustments. Everyday activities are always adjusted to the currentconditions. These adjustments generate performance variability.• All outcomes are to be seen as emergent instead of resultant. The latter implies thatthe outcome is a result of a reasoning based on causality.The use of functional resonance to describe relations and dependencies in a set offunctions during a specified event.
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FRAM- Process

o FRAM has 4-step process: 

 Step 1: Identification and description of system’s functions

Graphical representation of a FRAM function.

Presenter
Presentation Notes
FRAM asks to analyze the functions enabling everyday work to succeed, evolving the Standard Analysis and Design Technique (SADT). A function represents the activities required to produce a certain outcome. Six different aspects can characterize each function:•Input (I): what starts the function or what is processed or transformed by the function?•Output (O): the result of the function, it can be either an entity or a state change and serves as input to the downstream functions.•Precondition (P): mandatory conditions that must exist before carrying out the function. Preconditions do not necessarily imply the function execution.•Resource (R): what the function needs when it is carried out or consumes to produce the output.•Control (C): what controls and monitors the function, regulating its performance to match the desired Output.•Time (T): temporal requirements or constraints of the function, with regard to both duration and time of execution.Functions aim to describe daily system work, rather than the individual activities. The six aspects are traditionally at the corners of a hexagon, which represent the function itself (see Fig. 2). Graphical representation of a FRAM function.It is possible to divide functions into two classes: foreground and background. The foreground functions represent the core of the analysis, requiring a complete definition of all the six aspects, when possible. The background functions represent the components not in scope of analysis and therefore they need only one input or one output.



Introduction | 7

FRAM- Process

 Step 2: Identification of performance 
variability

 Step 3: Aggregation of variability

 Step 4: Management of variability

Presenter
Presentation Notes
Step 2: In the second step, it is necessary to characterize each function with potential and actual performance variability. This identification process must take into account both daily and abnormal variability and, especially, the output variability.Over the last years, researchers propose different ways to characterize the function variability, with different variability manifestation, the phenotypes: from the simple solution considering only two phenotypes, i.e. timing and precision, to the more elaborate ones adopting multiple phenotypes, i.e. speed, distance, sequence, object, force, duration, direction, timing (Hollnagel, 2012). Note that this paper will evaluate the original configuration, only identifying time and precision as phenotypes as they are able to describe most consequences. A natural extension to the other phenotypes, even if it could refine the analysis, does not affect the general validity of the method.Step 3: The FRAM represents the potential couplings among functions, not showing the effects of a specific scenario. This step focus instead on examining specific instantiations of the model to understand how the potential variability of each function can become resonant, leading to unexpected results, as stated by the functional resonance process. It is therefore necessary to identify the functional upstream-downstream couplings. The variability of a function results as a combination of the function variability itself and the variability deriving from the outputs of the upstream functions, depending on the function type and the linked aspects type. This paper deals in detail with this step, improving the possibility to aggregate the variability, even with respect to the damping effects of each function.Step 4: This last step consists of monitoring and managing the performance variability, identified by the functional resonance in the previous steps. Performance variability can lead both to positive and negative outcomes. The most fruitful strategy consists of amplifying the positive effects, i.e. facilitating their happening without losing control of the activities, and damping the negative effects, eliminating and preventing their happening. The dampening process may require substantial changes, even in a permanent way, involving people, organization or equipment preventing things from going wrong as well as contributing to things going right. In a more traditional way, it helps creating barriers and defenses to prevent from harmful situations (Hollnagel, 2012). Once identified the critical areas, FRAM proposes to define performance indicators to monitor ongoing processes and developments.
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FRAM-Input

o The input for a FRAM model is sourced from several  interviews and observational studies, as well 
as from the analysis of past incident reports or even work manuals, in order to obtain the aspects: 
time, control, and resource constraints that people face during different tasks, as well as an 
insight about the necessary pre-conditions.
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FRAM-Output

Presenter
Presentation Notes
The output of a FRAM model can be visualized using the FRAM visualizer. It pictorially depicts the different functions within a system or process, as well as the links between the different functions. The output is purely qualitative, and end-users can make statements about the safety or resilience of a system or process using the visual output.  
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FRAM- Strenghts and Limitations

Strenghths                                                                         Limitations         

• It promotes holistic systemic thinking;

• It helps end-users to overcome the 
issues such as blame culture, which 
are typically associated with deep 
root-cause analyses;

• It is a generic tool which can be used 
to model any conceivable activity, 
system or process.

• It requires significant expertise;

• It does not directly provide probability 
and consequence values, or any 
quantitative values for that matter –
which makes it an abstract tool for the 
purposes of risk assessment;

• It is highly sensitive to end-users’ 
perceptions, which can raise concerns 
about model validity;



Thank You!
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