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Functional Resonance Analysis Method 

• FRAM is a method to analyze and model complex sociotechnical systems, in which functions are 

distributed over human operators, organizations and technology. The method focuses on the 

concept of  performance variability and ways in which systems manage and monitor potential and 

actual variability.



FRAM Overview
Principles of  the FRAM 
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• FRAM: is a qualitative tool that was developed by Erik 

Hollnagel in the early-to-mid 2000s as part of  the ‘Safety-II’ 

ideology;

• FRAM is not a risk assessment method, but it can be primarily 

used for the ‘Risk Identification’ stage of  the risk assessment 

process;

• 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.



How FRAM works?

While typical risk assessment tools break-down systems by components, FRAM describes systems through 
functions – i.e. – an activity or a task that is conducted in order to fulfill a specific aim. Each function can 
be described using 6 aspects: 

Aspect Description

Input (I) Conventional input and/or a signal that activates the function, is used or transformed by the 

function (requires change of  state for the function to start)

Output (O) Result of  what the function does, represents a change of  the system’s state or output parameters 

Precondition 

(P)

Conditions that need to be fulfilled before the function can be carried out

Control (C) What supervises or regulates the function so that it derives the desired output

Time (T) Aspects of  time that affect the way the function is carried ou

Resource (R) Material or matter that are consumed, or executive conditions, that need to be present, while the 

function is active 
The six aspects which describe functions in FRAM. Source: Praetorius et al. (2016).



However, by creating and describing links between the different functions, it is possible to qualitatively 
assess the coupling and complexity within a system, in order to provide an insight about the criticality 
of the various functions and the overall system.

How FRAM works?



For what we can use FRAM?
FRAM can be primarily used for the ‘Risk Identification’ stage of the risk assessment process, it can be used for:

• Oil/chemical risk assessments;
• Evaluation of new technologies including unmanned/autonomus vessels ;
• Assess the fuel and propulsion systems;
• Identify targeted risk-control measures.

An example of the use of FRAM in maritime domain

Source: Praetorius (2014). 



Input

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.



Process

Hollnagel (2004; 2012; 2016c) describes the FRAM model to be done in 

four-step process:

1. Identify the different functions (and the links between them) in a 

system or process using the 6 different aspects;

2. Check the completeness and validity of  the model based on 

stakeholder feedback;

3. Identify variations between functions and links by comparing them 

using qualitative descriptors and statements;

4. Identify solutions to mitigate variations that lead to unsuccessful

events, and amplify variations that lead to successful events.



Output

The Output of  the FRAM model can be visualized through the 

software «FRAM visualizer» where it can be downloaded freely from 

the FRAM website: 

http://functionalresonance.com/FMV/index.html

http://functionalresonance.com/FMV/index.html


How the FRAM have been used for the Baltic Sea Case Study 



Second Baltic Sea case of  study

Function Input Output Precondition Resource Control Time

F1 Cargo Tern Sailing Carried sugar from Cuba Saling to Latvia N/A Sugar Master 29/03/2001

Collision

F2 Collision with the 

Baltic Carrier

Collision The bulb of  the cargo struck sharply 

the tanker number 6

N/A N/A N/A 00:30 (LT)

F3 Oil Tanker "Baltic 

Carrier" Sailing

Carried FO from Estonia Sailing to Sweden N/A Carrying 30.000 Tons of  

Heavy Fuel Oil

Master N/A

Collision

F4 Collision with 

Cargo Tren

Collision The release of  Heavy FO began 

immediately

N/A N/A N/A 00:30 (LT)

F5 Emergency Plan The release of  Heavy FO began immediately Identifying the Oil spill N/A N/A N/A 29/03/2001

F6 Monitoring the 

spot of  the accident 

by the Danish Air 

Force

Identifying the Oil spill An air survy to observe a slick at the 

surface

N/A N/A N/A N/A

F7 Drift of  the slick The rough conditions at sea and the extent of  

boat damages, the personnel failed

to control the relase of  the oil

The slick began to drift with the wind 

and prevailing ocean currents towards

Danish shoreline

N/A Personnel Task given 

to the 

personnel

N/A

F8 The spread of  the 

slick

The slick began to drift with the wind and 

prevailing ocean currents towards

Danish shoreline

the slick went across the Grønesund 

strait and reached the coast of  Bogø, 

Møn

and Falster islands

N/A N/A N/A 17:30

F9 The coordination 

of  the oil spill 

abatment by DEP 

Agency

the slick went across the Grønesund strait 

and reached the coast of  Bogø, Møn

and Falster islands

organise the collection of  the oil that 

was stranded on beaches

Precondition

Resource

N/A N/A N/A 30/03/2001

F10 The Collection of  

the Oil

organise the collection of  the oil that was 

stranded on beaches

the oil collected at sea was estimated 

around 940 Tons

N/A 15 vessels were involved in 

the operations

N/A N/A

the amount of  oil collected on the 

shoreline was estimated around 630 

Tons

220 persons participated in 

the cleaning operations.

2 days



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;
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