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Design, Scope and Focus of Safety Recommendations: Results from 

Aviation Safety Investigations 

Abstract 

Literature and industry standards do not mention inclusive guidelines to generate 

safety recommendations. Following a literature review, we suggest nine design 

criteria as well as the classification of safety recommendations according to their 

scope (i.e. organisational context, stakeholders addressed and degree of change) 

and their focus, the latter corresponding to the type of risk barrier introduced. The 

design and classification criteria were applied to 625 recommendations published 

by four aviation investigation agencies. The analysis results suggested sufficient 

implementation of most of the design criteria. Concerning their scope, the findings 

showed an emphasis on processes and structures (i.e. lower organisational 

contexts), adaptations that correspond to medium degree of changes, and local 

stakeholders. Regarding the focus of the recommendations, non-technical barriers 

that rely mostly on employees’ interpretation were introduced by the vast majority 

of safety recommendations. Also, statistically significant differences were detected 

across investigation authorities and time periods. This study demonstrated how the 

application of the suggested design and classification frameworks could reveal 

valuable information about the quality, scope and focus of recommendations. 

Especially the design criteria could function as a starting point towards the 

introduction of a common standard to be used at local, national and international 

levels. 

Keywords: safety investigations; safety recommendations; recommendation’s 

design; recommendations’ classification  

1. Introduction

Safety investigation is one of the cornerstones of safety improvement. Thorough 

investigations of safety events lead to recommendations to control identified risks and 

prevent similar occurrences in the future. Therefore, the quality of an investigation is 

crucial for the maintenance and increase of safety levels. Major investigations in the 

aviation sector, such as those of the Comet disaster in 1954 (MTCA, 1955), TWA Flight 

800 in 1996 (NTSB, 2000) and Air France Flight 447 in 2009 (BEA, 2012) led to a better 
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understanding of how and why various combined factors resulted in unwanted situations, 

and they explicitly recommended what should be done to avoid similar events with 

devastating impacts. Flixborough’s plant explosion, Piper Alpha’s platform explosion 

and Fukushima’s nuclear disaster are examples of accidents whose investigations 

demonstrably improved safety of, respectively, the chemical, oil gas and nuclear power 

industry (Parker, 1975; Cullen, 1990; Hatamura, 2012). A highly effective investigation 

premises a well-organised team of properly trained investigators who use appropriate 

equipment and are supported by suitable procedures and regulatory framework with the 

ultimate goal to reach to fruitful recommendations that have the potential to improve 

safety (ICAO, 2013). The power of the investigation authority comes from its 

independence, credibility and ability to address useful recommendations to any relevant 

party (EU, 2010).  

To date, although especially in aviation there is much guidance material for the 

preparation and execution of safety investigations (ICAO, 2003; 2008; 2011; 2015), and 

the importance of effective safety recommendations has been recognised (e.g., Colavita, 

2017), detailed guidelines on the design of recommendations are lacking from 

investigation standards as well as from the risk management literature (Pooley, 2013). 

From a broad perspective, risk controls proposed after a risk assessment process have the 

same goal with safety recommendations, that is to eliminate or mitigate causes that might 

threaten safety. Notably, although various academic and professional literature presented 

in the next section of this paper refers to the design, scope and focus of safety 

recommendations, there has not been an inclusive framework which incorporates those 

aspects. This paper presents such a framework based on a literature review and suggests 

a tool which can be useful (1) as guidance for the development of recommendations, and 

(2) in retrospective analyses of safety recommendations with the goal to assess their 
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design quality and reveal collectively any trends regarding their scope and focus. The 

particular tool was applied to an indicative sample of safety recommendations, and the 

results were statistically tested for differences across various variables of interest. 

2. Literature Review and Theoretical framework 

2.1 Current guidelines for safety recommendations 

Safety recommendations are the utmost result of safety investigations and serve the 

purpose of preventing future unwanted occurrences. In the aviation domain, Annex 13 of 

the International Civil Aviation Organization (ICAO, 2016a) describes the requirements 

for the investigation process and report. It specifically states that recommendations shall 

avoid the presumption of liability and blame for the accident or incident investigated. 

However, ICAO (2016a) does not include guidelines or a quality standard to which safety 

recommendations must adhere. Nevertheless, safety investigation authorities 

occasionally give substance to design criteria for safety recommendations (e.g., ATSB, 

2008), but these are not harmonised across different regions. Thus, an inclusive set of 

criteria for high-quality recommendations is not mentioned in the standards.  

For example, the National Transportation Safety Board (NTSB) of the United 

States describes that recommendations should follow a conclusion (NTSB, 2002), 

meaning that they should be connected with the investigation findings. The Dutch Safety 

Board (DSB) states that recommendations should be related to defects that can be 

corrected (DSB, 2004), reflecting a requirement for the feasibility of recommendations. 

Apart from aviation, various Occupational Health & Safety documents lack a reference 

to an inclusive set of requirements that safety recommendations must fulfil (e.g., Bamber, 

2007). For instance, the Health and Safety Executive1 of the United Kingdom produces 

                                                            
1 http://www.hse.gov.uk/  
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investigation reports inclusive of safety recommendations for various industries and 

offers various toolboxes and templates (e.g., how to complete risk assessments). 

However, it is unclear how safety recommendations are generated, and on what 

theoretical framework they are based. 

2.2 Design criteria for recommendations 

In project and business management, the SMART acronym is widely used as a reference 

for defining and managing goals and objectives (Haughey, 2014). Taking into account 

that safety recommendations typically suggest necessary changes, the SMART acronym 

in conjunction with the work of Johnson (2003) and Zonneveld (2016) represent the 

following requirements in the context of the current paper: 

 Specific. The recommendation needs to be specific to address adequately one or more 

causes of the event investigated. Therefore, investigators must avoid arbitrary or 

inconsistent recommendations that are not connected with particular causes. 

 Measurable. The objective of a recommendation must be measurable to enable its 

progress monitoring and verification of its implementation. 

 Assigned. Investigators must identify an agency that will be responsible for ensuring 

that a recommendation is implemented. Investigators must identify those groups that 

manage the resources and hold the authority necessary to implement a 

recommendation. 

 Realistic. A recommendation needs to be sufficiently realistic to be achievable within 

the financial, technical and other types of boundaries. 

 Time-bound. End dates and review dates for the implementation of the 

recommendations and evaluation of their effectiveness respectively need to be 

defined. 
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 Johnson (2003) also suggested three additional criteria: 

 Objectives instead of specific solutions. Safety investigators must generate 

recommendations that state objectives, meaning what a recommendation is intended 

to achieve rather than how it shall be achieved.  

 Actions instead of studies. Safety investigation teams must draft recommendations 

that preferably support particular actions and not proposing studies with uncertain 

outcomes. If there is insufficient information to base particular actions, then studies 

can be advocated but only as part of the process of implementing a higher-level 

recommendation. If investigators merely recommend a study, then there may be no 

guarantee that the actions derived from such a study will be assessed and realised.  

 Clear from blame or accusation. A safety recommendation shall in no case create a 

presumption of blame or liability for an accident, serious incident or incident. This 

reflects the general notion that the sole objective of a safety investigation of an 

accident or incident shall be the prevention of accidents and incidents. It is not the 

purpose of this process to apportion blame or liability (ICAO, 2016a). 

To summarise, the design criteria identified in the literature and their corresponding 

terms used in the rest of this paper are: Specific, Measurable, Assigned, Realistic, End-

date, Review-date, Objectives, Actions and Non-blaming. It is noted that part of these 

criteria was included in the work of Gregson (2017) who also included parameters related 

to the process of generating safety recommendations (e.g., communication between the 

investigation team and the stakeholders, consideration of other similar occurrences) and 

technical aspects (e.g., wording and language, position in the investigation report). The 

authors in the frame of this research did not consider these additional parameters because 

it was out of the scope of this study to address investigation processes as well as aspects 
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that apply to every part of an investigation report and not exclusively to safety 

recommendations. 

2.3 Classification of recommendations 

Apart from the work of Karanikas (2016) who classified safety recommendations as 

Actions, Assignments and Reminders in the context of evaluating aspects of safety 

management within an organisation, the literature reviewed by the authors does not 

suggest any other categorisation. However, since safety recommendations refer to the 

introduction, reinforcement or change of risk controls, the researchers contemplated to 

adopt and adapt risk control taxonomies that would be suitable in the context of this study. 

Our initial review of academic and professional publications converged to the concept of 

the hierarchy of controls, as, for instance, is described by the US National Institute for 

Occupational Safety and Health (NIOSH, 2016). According to this widely used hierarchy, 

risk control types range from elimination and substitution of a hazard to measures of 

engineering and administration, and finally the provision of personal protective 

equipment to employees. This categorisation was perceived by the researchers as a 

combination of levels and types of risk controls. Hence, the authors, as a means to use in 

this study more distinctive classifications, adapted the ESReDA tool (ESReDA, 2015) to 

categorise the scope of recommendations, and used the functionality types of barriers 

(Hollnagel, 1999) for indicating the focus of recommendations, as explained in the 

sections 2.3.1 and 2.3.2 below.  

2.3.1 Scope of recommendations 
The European Safety Reliability and Data Association introduced the ESReDA tool that 

aims to depict the opportunities for learning from safety investigations (ESReDA, 2015). 

The researchers contemplated that the ESReDA tool could be properly adapted to analyse 

the scope of recommendations. The tool has been built on the argument that learning 
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opportunities are addressed to three dimensions: the organisational context, the type of 

stakeholders addressed, and depth of learning. Table 1 presents the three dimensions of 

learning included in the ESReDA tool, and their adaptation to correspond to the scope of 

safety recommendations. 

[Table 1 near here] 

2.3.2 Focus of recommendations 
Since the goal of safety recommendations is to improve the systems under investigation, 

actually they propose the modification or reinforcement of existing barriers or the 

introduction of new ones. The term ‘barrier’ to describe a strategy for risk prevention is 

often linked to the work of Haddon (1973) who noted that there are several different types 

of risk prevention strategies and that those should be systematically analysed to minimise 

risk. The term safety barrier is often used as a collective term for different means, and 

there is no common definition. However, the authors contemplated that the definition of 

Sklet (2006) captures the concept sufficiently: Safety barriers are physical and/or non-

physical means planned to prevent, control or mitigate undesired events or accidents. 

Hollnagel (1999) introduced four types of barriers that reflect their functionality: 

 Physical: This category includes material barriers (e.g., walls, fences, bars, and gates) 

which have the aim to prevent actions or unauthorised access completely. They are 

also characterised by the notion that such a barrier might not fully inhibit actions, but 

it will delay them. 

 Functional: This type of barrier averts unauthorised movements through the 

establishment of pre-conditions and limitations (e.g., a physical lock, limitations 

imposed by software). These barriers, like the physical ones, are material and/or 

technology based. 
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 Symbolic: These barriers require an interpretation from the end-user (e.g., processing 

of visual and auditory signals, use of checklists and procedures). Due to their nature, 

such barriers can be ignored, and their effectiveness lies heavily on human 

performance and behaviour. 

 Incorporeal: This category refers to high-level rules, guidelines, restrictions, strategic 

visions and laws that, in principle, state objectives. These barriers are not physically 

present, and they depend on the knowledge and perception of the users, as the 

symbolic ones. 

Technical barriers (i.e., physical and functional) are more expensive but also more 

effective than non-technical barriers (i.e. symbolic and incorporeal) (USAF, 2016). The 

authors chose to use the classification of barriers based on their functionality on the scope 

of assessing the focus of recommendations regarding the type of risk control targeted or 

suggested. It is clarified that the focus and scope of recommendations (see section 2.3.1 

above) include different categorisations but can be partially linked to each other. For 

example, the necessity to establish a new procedure or change an existing one (i.e. 

symbolic control) can be introduced at any organisational context and stakeholder level, 

but it is not typically expected in innovative types of recommendations. Similarly, 

technical controls addressed in recommendations would not be found in culture and socio-

political context interventions. 

Also, the categorisation of the focus of recommendations must not be seen as 

contradictory to the design criterion “Objectives and not specific solutions” stated in 

section 2.2 above. It is not unusual that safety recommendations provide some direction 

towards the desired solution regarding the problematic area to be fixed especially for 

existing system defences. This practice is expected as a derivative of the list of causal and 

contributing factors which are specific for each safety event. Otherwise, 
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recommendations would become too vague with a lot of room for different 

interpretations, a phenomenon that would render the “Specific” design criterion inactive. 

For example, a recommendation merely stating “Improve flight crew performance” 

would offer no clue to training and operational departments on what to improve. 

Therefore, due to the balance required between the “Specific” and “Objectives” criteria, 

it is expected and accepted that recommendations mention the desired intervention type, 

the latter reflecting a barrier type. For instance, safety recommendations might refer to 

improvement of insufficient procedures or system feedback (i.e. a symbolic barriers), 

enforcement of limitations in the use of technology to avoid (un)intentional breaches (i.e. 

functional barriers), development or adjustment of legislation (i.e. incorporeal barrier) or 

establishment of solid prevention mechanisms to eliminate or isolate hazards (i.e. 

physical barriers).  

3. Research Methodology and Sample 

Following the establishment of the theoretical framework about the design and 

classification of safety recommendations (sections 2.2 and 2.3), the researchers aimed at 

a first assessment of the current situation regarding the design, scope and focus of 

recommendations included in publicly available safety investigation reports. To achieve 

the objectives of this study, the theoretical framework was translated into a tool which 

was used to analyse a sample of safety recommendations. The data collected from the 

analysis with the tool were statistically processed to obtain an overall picture and examine 

differences across various variables. The following sections describe each of the steps 

followed in this study. 

3.1 Analysis tool 

The analysis tool was built with the aim to be applied on safety investigation reports and 

allow the assessment of the design completeness, scope and focus of safety 
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recommendations. The tool is based on the Excel software (Microsoft, 2013) and is 

available to the reader upon request to the corresponding author. A worksheet with empty 

fields is used as a template to analyse each investigation report and includes the following 

sections: 

1. Identification of the report (e.g., name, unique code). 

2. The safety recommendations that are stated in the corresponding section of 

investigation reports. 

3. The design requirements for safety recommendations, the latter to be checked against 

the fulfilment of the former. Each design requirement is briefly described to ease the 

analyst and is scored with YES if it is met, or NOT in the opposite case. 

4. The categories adopted in this research regarding the classification of safety 

recommendations (section 2.3 above). The values within each of the categories are 

described and can be selected in the corresponding drop-down menus as applicable. 

To assess the reliability of the tool and improve it, three rounds of inter-rater 

agreement tests were performed with the participation of three students and the authors 

of this paper, accompanied by sessions to discuss the differences and decide on possible 

revisions. The tests employed calculations of Cronbach’s Alpha values by using the 

Statistical Package for Social Sciences (SPSS) version 22 (IBM, 2013). In the final 

version of the analysis tool, the values obtained were 0.74 for the classification of 

recommendations and 0.99 for their design criteria. Taking into account the qualitative 

nature of the analysis of reports, the results of inter-rater agreement tests were deemed as 

satisfactory (Tavakol & Dennick, 2011). 
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3.2 Sample and analysis of recommendations 

After the finalisation of the tool, 82 safety investigation reports published by the 

Transportation Safety Board of Canada, National Transportation Safety Board of the 

United States, Dutch Safety Board and Air Accident Investigation Branch of the United 

Kingdom  were analysed by three students (Zonneveld, 2016; De Vos, 2016; Kiefer, 

2016). The particular authorities were preferred because they mostly publish reports in 

the English language. The reports included in the sample were released between 1999 to 

2015, and they were randomly chosen. In total, 625 safety recommendations were found 

in the reports (Table 2) and were analysed with the tool. The number of safety reports 

processed was affected by time constraints in conjunction with the number of 

recommendations included in each report. The correspondence between the authorities 

and the codes assigned to them randomly (referred hereafter as IA1, IA2, IA3 and IA4) 

is not disclosed because the current study aimed at a first examination of the situation 

around safety recommendations by applying the tool developed and assessing its 

discriminative power. Also, the sample size compared to the number of reports published 

per authority of the period mentioned above was deemed as limited to derive conclusive 

results. 

The design criteria of End-date, Review-date and Measurable could not be 

assessed in this research because these apply when authorities and organisations accept 

the recommendations and plan for their realisation. Also, a rating of the criterion Realistic 

would require further information about the resources needed for the operationalisation 

of each recommendation and the process of its generation (e.g., coordination with affected 

stakeholders). Since such information is not typically included in investigation reports, 

the specific criterion was also excluded from the analysis. Consequently, the design 

criteria which could be evaluated as part of the analysis of safety recommendations 
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included in investigation reports were:  Specific, Assigned, Objectives, Actions and Non-

blaming. 

Apart from frequency analyses of the data collected, statistical tests were 

performed to examine any associations of the framework aspects (i.e. design criteria, 

scope and focus of recommendations) with the variables of publishing authority, year of 

report publication, operational type, severity of the event investigated, contribution of 

human error to the event, and fatalities as result of the safety occurrence (Table 2). The 

publishing authority was included as a variable to explore any significant variances across 

the regions included in the sample of this research. The depiction of differences amongst 

geographical areas is common in industry safety reports (e.g., ICAO, 2016b; IATA, 2017) 

and might partially indicate a diversity of cultures, policies etc. The year of publication 

was considered as a means to evaluate any variations over time and assess whether the 

overall picture has notably changed. The years were grouped into three periods of an 

almost equal sample of investigation reports. 

Taking into account the vast amounts of investigation experiences in aviation and 

the continuous improvements in safety investigation practices, including the transition 

from the detection of local problems to the identification of systemic deficiencies 

(ENCASIA, 2015), the expectation of the authors was that over time there would be (1) 

an increasing fulfilment of the design criteria, (2) a more balanced focus on the types of 

controls addressed in recommendations, and (3) a progressively less emphasis on the 

micro-level of stakeholders, local repair activities and the process level of operations. 

The severity of the event investigated was considered in the list of variables as a 

means to assess whether the actual outcomes of eventualities had affected the 

development of safety recommendations. As articulated by Dekker (2016), the worse the 
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consequences of an event, the more the chances for a biased approach towards the role of 

humans in the course of an incident or accident. The authors contemplated that such 

biased approaches might also affect the generation of safety recommendations with an 

emphasis on the lower levels of operations. Therefore, the statement of human error as a 

causal or contributing factor was included as a variable to explore variations of data that 

could be attributed to a different approach when human performance problems were 

identified during investigations. Depending on whether human errors had been seen as 

single causes or symptoms of deeper systemic problems (Dekker, 2006), the design, scope 

and focus of safety recommendations might have been influenced. Lastly, the result of 

events into at least one fatality was included in the list of variables as a means to evaluate 

whether data varied due to factors linked with emotions, public pressure etc., the effects 

of which cannot always be fully controlled by investigation teams (Challinor, 2017). 

Overall, based on the requirements for investigators’ professionalism, impartiality 

and independence (e.g., EU, 2010), the initial expectation of the researchers was that there 

were no differences regarding the severity of events, human error detection, and fatality 

resultant. Nevertheless, possible differences across the variables should be examined on 

a case-by-case basis by considering the aim of each aspect of the framework and the value 

of each of the variables. 

[Table 2 near here] 

The recommendations, in addition to their classification according to the 

functionality of controls they address, were grouped in two categories: the technical 

(TECH), which included the recommendations focusing on technology-based barriers 

(i.e. physical and functional), and the non-technical (NONTECH), which included the 

recommendations focusing on barriers whose implementation/maintenance relies 

principally on human performance and behaviour (i.e. symbolic and incorporeal). This 
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additional categorisation was based on the premise that technical barriers are costlier and 

with a higher reliability/endurance than non-technical ones (e.g., USAF, 2016; Hollnagel, 

2008). 

All data collected were entered into the software SPSS version 22 (IBM, 2013). 

Chi-square tests were conducted between the aspects of the framework and the variables 

of Table 2. When the assumptions of Chi-square tests were invalid (e.g., small numbers 

per cell), the results of Fisher’s Exact tests were considered. The SPSS function of Monte 

Carlo Exact Test under the settings Confidence Level: 99% and Number of Samples: 

10.0000 was chosen to increase the confidence in the results. The significance level was 

set to 0.01 to compensate for the subjectivity of the qualitative analysis of the 

recommendations, as this was indicated by the results of the inter-rater agreement tests 

(see section 3.1). 

4. Results 

4.1 Design of recommendations 

The design criteria met by the whole sample of safety recommendations are shown in 

Figure 1, where the Objectives criterion seems to have been met considerably lower than 

the Specific, Assigned and Actions criteria that were detected in the vast majority of the 

sample. The percentages of the variables included in the study are shown in Table A.1 of 

the Appendix, where the results of the Chi-square and Fisher Exact tests are also reported. 

Statistical tests for the Non-blaming criterion were not ran because the particular criterion 

was found in 100% of the cases analysed. It is noted that in all Tables of the Appendix 

the cases of Fisher’s Exact tests are signalled by the non-reporting of a chi-squared value 

(i.e. χ2) because this is not calculated in the particular test.  

[Figure 1 near here] 
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According to the results, three out of the five design criteria were met by the 

publishing authorities at a significantly different degree. In the Specific criterion, IA2 

scored the highest (95.5%) and IA3 the lowest (83.7%). IA1 and IA3 met the Assigned 

criterion fully (100%), whereas IA2 at the lowest level (95.5%) amongst the authorities. 

Regarding the Objectives criterion, IA4 gathered the highest score (81.2%) and IA3 the 

lowest (37.1%). 

The results also showed that the fulfilment of the Specific and Objectives criteria 

increased over time. Furthermore, the higher the severity of the safety event the higher 

the score for the Objectives criterion. The existence of fatalities as resultant from the 

events was associated with an increased frequency of the Objectives criterion. When 

human error was stated as a causal or contributing factor, an increased percentage of the 

Actions criterion was observed. 

4.3 Scope of recommendations 

When considering the whole sample, the recommendations were distributed within each 

scope area as follows: 

 Organisational Context: Process 37.4%, Structure 35.4%, Culture 3,4% and Socio-

political 23.8% 

 Degree of Change: Repair 14.7%, Adaptation 80.0% and Innovation 5.3% 

 Level of Stakeholders Addressed: Micro-level 51.4%, Meso-level 39.5% and Macro-

level 9.1% 

Tables A.2, A.3 and A.4 of the Appendix show correspondingly the percentages 

of the framework aspects across the variables considered. Significant differences across 

authorities and time periods were detected regarding the organisational context on which 

the recommendations focused. IA2 emphasised mostly on the process level (84.1%), IA4 
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and IA1 more on structures, with percentages of 44.7% and 43.6% respectively, and on 

culture, with percentages of 5.9% and 4.7% correspondingly. IA3 focused highly on the 

socio-political context (41.6%). Over time, processes and culture were addressed more, 

whereas a reference to the socio-political context was continuously decreasing. 

Regarding the degree of change, the results were significant only for the authority 

variable. IA2 and IA4 did not issue repair type recommendations, and they focused on 

adaptations more frequently than IA1 and IA3. IA2 published most of the innovation-

oriented recommendations (15.9%), followed by the IA4 (8.2%). Moreover, the level of 

stakeholders the recommendations addressed was associated with all variables. Regarding 

the authorities included in this study, IA3 focused more on the micro-level (66.5%), IA2 

on the meso-level (79.5%) and IA1 on the macro-level (17.1%). Over time, the emphasis 

on the micro-level decreased and the recommendations addressed to the macro-level 

significantly increased. Also, the higher the event severity, the higher the level of the 

stakeholders addressed. An increased emphasis on the macro-level and a decreased 

emphasis on the micro-level of stakeholders were observed for the events attributed to 

human error and/or resulted to at least one fatality. 

4.4 Focus of recommendations 

The frequencies of risk control types addressed by recommendations across the whole 

sample are shown in Figure 2, where it is visible that symbolic barriers were targeted in 

the vast majority of safety recommendations. The grouped variables concerned, the 

percentages were 11% for the TECH and 89% for the NONTECH. Table A.5 of the 

Appendix reports the results of the statistical calculations, according to which IA1 

emphasised more on physical and incorporeal measures, IA4 more on functional ones and 

IA2 only on symbolic ones. Most of the TECH-type controls were stated in the IA4’s 

recommendations (20%) and NONTECH ones in recommendations produced by IA2 
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(100%). The time period concerned, recommendations targeted to incorporeal and 

NONTECH barriers increased over time, and no time pattern was observed for 

recommendations focusing on the rest of the barrier types and the TECH group. 

[Figure 2 near here] 

The event severity concerned, physical type controls were referred only in 

recommendations after accidents. Also, the higher the severity of outcomes, the lower the 

frequency of functional, symbolic and TECH type measures and the higher the frequency 

of incorporeal and NONTECH type controls addressed through safety recommendations. 

Events that resulted in at least one fatality gathered more references to incorporeal and 

NONTECH barriers, and when no fatalities were recorded, the functional, symbolic and 

TECH measures demonstrated higher frequencies of reference in recommendations. 

When events were attributed mainly or partially to human error, incorporeal and 

NONTECH types of controls were more frequently targeted by the recommendations 

published. 

5. Discussion 

5.1 Design criteria 

Regarding the design of safety recommendations, the data analysis results suggested that, 

regardless of the lack of a standardised framework for generating recommendations, four 

out of the five criteria included in the study were applied to, at least, 88% of the sample.  

This possibly reflects the rich experience gained through decades of safety investigations 

and is aligned with the findings of Karanikas (2018) regarding the practitioners’ 

knowledge of the design criteria. However, the Objectives criterion was met just above 

half of the sample of the research. Taking into account that the particular criterion reflects 

the role of safety investigators to, ideally, spot deficiencies and not suggest specific 

solutions which constitute responsibility of operational managers (e.g., Ferrett & Hughes, 
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2011), it seems that in many cases investigation agencies intervened in the way of dealing 

with problems instead of only stating the flaws to be addressed. Notably, the application 

of this criterion varied significantly across the authorities. Its lowest frequency was 37.1% 

for IA3, and its highest appearance in the sample was 81.2% for IA2, this difference 

revealing effects of regional particularities possibly related to factors such as 

investigation training and policies and coordination amongst parties involved. 

The finding regarding the Objectives criterion is similar to the one of Karanikas 

(2016) who revealed that 39% of the recommendations generated by the safety 

department of an aviation organisation were proposing solutions instead of objectives. 

The explanation provided into the context of the study above was the severe delays or 

unilateral rejection of recommendations by operational managers, a situation that forced 

the safety department of the organisation to undertake a more decisive role. Although the 

current study was exploratory and relied on information included in investigation reports, 

it would be interesting to examine possible factors affecting the implementation of the 

Objectives criterion across and within industry sectors. It is also noted that any tendency 

to produce safety recommendations that suggest particular remedies and not merely the 

necessity to confront with problems identified during investigations could lead to 

overreliance of operations on the safety protective structure in finding solutions. Such a 

condition, according to Dekker (2014), might lead organisations to drift into failures. 

Nonetheless, on the positive side, the application of the Objectives criterion increased 

over time, indicating a transition of safety investigations towards their desired role. The 

Non-blaming criterion was implemented in all recommendations, a fact which signals that 

the ever-increasing emphasis on avoiding blame during investigations has been fully 

translated into practice and its positive effects have been maintained. Although the 
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specific finding is limited to the sample studied and does not reflect the overall situation, 

especially within organisations, it is seen as highly encouraging.  

Furthermore, it seems that high severity events had influenced the generation of 

recommendations where investigators tended to identify weak areas rather than proposing 

specific fixes. This association might be justified by the wide spectrum of stakeholders 

typically addressed in investigations of severe events where the realisation of 

recommendations regards more than one parties. Thus, the statement of specific solutions 

would not be easily accepted. Each recommendations’ addressee contributes to the final 

solution only after studying the feasibility of alternative options and collaborating with 

the rest of the organisations involved.  

5.2 Recommendations’ Scope 

The organisational context concerned, the majority of the recommendations referred to 

more technical levels (i.e. processes and structures) rather than interventions into soft 

sides such as culture and the socio-political environment. The authors contemplate that 

the former category might attract more attention because it has more potential to produce 

tangible and short-term results compared to attempts to influence behaviours and the 

social and political realities. The significant variances across the investigation authorities 

regarding the focus on different contexts possibly reflect the effects of the various national 

cultures which can influence the direction of investigations and recommendations. The 

increase of both process- and culture-oriented recommendations over time, on the one 

hand, might imply a balanced increase of the emphasis given on technical and soft 

aspects. On the other hand, this result might show attempts to affect the most convenient 

sides of these two aspects. It is easier to change processes rather than structures, whereas 

addressing specific socio-political factors might touch more sensitive chords compared 

to a discussion about cultural changes that are perceived as broader. 
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Regarding the degree of change, recommendations suggested vastly medium-

level interventions that, on the one hand, go beyond local remedies but, on the other hand, 

are limited to the change of existing systems. Taking into account that simple and short-

term solutions are usually less effective and innovations are costly and with high 

uncertainty levels, it seems that investigators have found a delicate equilibrium between 

the two extremes. Considering the findings related to the organisational context in 

conjunction with the ones about the degree of change, the distribution of 

recommendations across the levels of stakeholders addressed for the whole sample was 

not deemed as surprising. Process and structure interventions through repairs and 

adaptations are normally performed by organisations and through collaborations within 

each industry sector.  On a positive note, the significant differences between the 

frequencies of micro- and meso-level stakeholders mentioned in safety recommendations 

seemed to decrease over time, thus indicating a fairer distribution of responsibilities 

across system levels.  

Also, the fact that events with high severity, fatalities and end-user error led to the 

formulation of recommendations for macro-level stakeholders more frequently than 

micro-level players might have a two-fold interpretation. It can indicate once more the 

influence the consequences of occurrences might have on the engagement of stakeholders 

into system improvements since investigation teams for high-impact safety events are 

often formed by a variety of experts and representatives from international organisations. 

Also, it can signal the influences of just culture literature discussing about the contribution 

of all system levels to accidents and the necessity to move from local problems to 

systemic ones, especially when the stakes are high and teams or individuals will be 

probably subjected to police investigations and court hearings (e.g., Dekker, 2016). 
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The variances found amongst the four investigation agencies concerning the 

variable ‘Stakeholders Addressed’ might be associated with the role the investigation 

board fulfils within its national and societal environments which are shaped by political, 

cultural and historical elements. In some States, the investigation agency may play mainly 

the role of the ‘watchdog’ of the national authority and may, therefore, be inclined to 

submit more recommendations at a macro-level that typically regard standards, policies, 

legislation etc. In other regions, safety investigation agencies may focus on technical 

aspects of occurrences and, thus, leaning towards submitting recommendations at a micro 

level assuming a sufficient level of performance of national and international bodies. 

5.3 Recommendations’ Focus 

The focus of recommendations concerned, the fact that the vast majority of the risk 

controls targeted by the safety recommendations were symbolic and non-technology 

based possibly shows a preference on cheaper and quicker to implement solutions 

(introduction or improvement of procedures, warnings, policies etc.) over fixes that 

usually necessitate more capital investment and time for their implementation (e.g., 

extensive replacement, addition or improvement of technology). Notably, one authority 

had published recommendations only referring to symbolic-type controls. The 

overemphasis on non-technology-based controls can indicate a focus on efficient 

solutions rather than effective ones or might be a confirmation of the results of the survey 

study of Karanikas (2018) who found that professionals perceived “soft” control types as 

more effective than “hard” ones and they also admitted the influence of political and 

resource boundaries when generating safety recommendations. 

Although literature suggests that the characteristics of technology-based controls 

render them more effective in preventing risky conditions because they stop or limit 

actions and hazards without relying on human interpretations and interventions (e.g., 
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Hollnagel,  2008; USAF, 2016), the authors of this paper do not claim that the rest of the 

control types should not be used. Whatever the technical support to guard systems against 

hazards, we should not underestimate the role of training, procedures, signs and other 

types of symbolic barriers along with incorporeal factors (e.g., overall objectives, 

policies, strategies) in maintaining systems’ cohesion and integrity. The presence of 

technology alone could not suffice without skilled personnel, informed and aware staff, 

effective leadership, explicit business objectives, desired outcomes etc. 

Therefore, a balanced approach when suggesting remedies would be expected. 

Instead of focusing only on a specific control type, authorities and organisations could 

consider the most effective blend of the different barrier types. Certainly, it is rather 

expected to fix or replace any flawed part of the system, but in the context of safety 

investigations, this does not inevitably mean that any intervention must be only of the 

same nature with the broken part. Problematic procedures can be improved but might also 

be complemented by embedding technology-induced limits in system operation. Locked 

doors might fail and require reinforcement of their strength, but warnings and inspections 

can also function as alerting mechanisms before solid physical barriers fail. Furthermore, 

even on the side of timeliness, it might seem that non-technology barriers are quicker to 

implement, but we should not neglect that they usually require more time to become 

effective because they target to behavioural changes. Unfortunately, to date the projected 

effectiveness of individual or combined risk controls has not been empirically studied, 

and only recently there have been suggestions for indicators of barrier effectiveness 

depending on their performance, system outcomes, nature, dependencies etc. (e.g., 

Roelen, et al., 2018; Karanikas & Morakis, 2018). Interestingly, physical-type controls 

were addressed only in recommendations included in investigations of accidents, this 

possibly indicating (1) the premise that the more solid the barrier, the more determinative 
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its contribution to avoid future catastrophes and (2) a focus on barrier robustness rather 

than barrier efficiency in the light of pressures accident investigations carry. 

6. Conclusion 

The current study combined academic and professional literature that led to the 

development of a framework which includes nine design criteria for recommendations 

and suggests an adaptation of the ESReDA framework (ESReDA, 2015) to classify the 

scope of safety recommendations (i.e. operational context, degree of change, level of 

stakeholders addressed) as well as the use of the classification of barriers (Hollnagel, 

2008) to correspond them with the risk control types targeted. 

The design framework and classification of recommendations were converted into 

an analysis tool which was applied to 625 safety recommendations stated in 82 

investigation reports published by four regional authorities. Despite the lack of formal 

guidelines for designing safety recommendations, the results showed that that four out of 

the five design criteria included in the analysis (i.e. Specific, Assigned, Actions and Non-

blaming) were reflected in the vast majority of the sample. The Objectives criterion was 

the least met criterion and was found in just more than half of the recommendations 

processed. Regarding the scope of safety recommendations, the highest frequencies were 

observed for recommendations concerning processes and structures, introducing medium 

degrees of change and emphasising on lower system levels. Also, almost three-quarters 

of the recommendations referred to the introduction or improvement of “soft” risk 

controls, such as policies, checklists, procedures, warning, and signs. 

The statistical tests of associations revealed that the picture regarding the design, 

scope and focus of recommendations occasionally varied across the five variables 

considered: publishing authority, period, event severity, fatalities as result of the event 

and attribution of the respective safety event to human error. The variances partially 
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disconfirmed the expectations of the authors as these had been raised by literature and 

professional practice. Although the specific study was a first exploratory work and did 

not have the goal to collect explanations about the findings, the differences observed were 

attributed by the authors to factors related to the wider organisational, functional, socio-

political and financial contexts the investigations are executed. 

Albeit the limited sample employed in this research does not allow the 

generalisation of its results, the latter showed that the application of the suggested design 

and classifications frameworks could reveal valuable information about the quality, scope 

and focus of recommendations across and within regions, industry sectors and 

organisations. Due to the limited information offered in the reports analysed as well as 

the goal of investigations, we could not assess the criteria of End-date, Review-date, 

Measurable and Realistic which regard mainly the implementation of recommendations. 

Furthermore, developments in safety investigation practices over time, diverse 

national, organisational and professional cultures and the different context of each safety 

event might have influenced the generation of safety recommendations and, 

consequently, the results of the current study. Nonetheless, the execution of similar 

research with a larger and representative sample, possibly accompanied by a collection 

of perspectives of professionals, might shed light into deeper factors affecting the design, 

scope and focus of recommendations. The analysis of quantitative data of such studies 

can offer indications of the quality level of recommendations design, their fair assignment 

to the whole spectrum of system levels, and the extent and depth of changes introduced 

through recommendations. The analysis of qualitative data would allow to explain the 

quantified results and lead to strengthening the factors contributing to better, fairer and 

more effective recommendations.  
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Future research is suggested to focus also on the realisation of safety 

recommendations formulated in investigation reports and measures taken in the frame of 

risk management within and across organisations, industry domains and regions along 

with corresponding reasons that enable their implementation or lead to their rejection, 

delay or partial acceptance by the managers to whom they are addressed. Also, 

considering that, currently, the effectiveness of risk controls introduced to protect systems 

is approached theoretically and subjectively, more empirical studies are necessary to 

explore the effects of various types of implemented recommendations on achieving their 

intended outcome. 

Safety recommendations are produced to address failures and prevent similar 

occurrences. Therefore, although it is vital that safety recommendations are of adequate 

quality, there has been no uniform international standard for generating 

recommendations. Irrespective of the execution of wider studies, we envisage that the 

design criteria and classification of safety recommendations proposed in this paper can 

function as a starting point for the introduction of a common framework to be used at 

local, national and international levels. Most importantly, the design and classification 

framework introduced in this study can be integrated into training and education of 

investigators and risk analysts as a means to raise their awareness about the parameters 

related to the formulation of recommendations. The introduction of this framework in 

combination with existing or new guidelines to write logical and clear recommendations 

(e.g., ICAO, 2014) is expected to strengthen further the quality and acceptance rate of 

safety recommendations. 
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Appendix 

Table A.1: Differences in the Design Criteria Across the Variables 

Variables Values Design Criteria (% met) 
Specific Assigned Objectives Actions 

Publishing 
authority 

IA1 93.1 100.0 66.2 89.1 
IA2 95.5 95.5 59.1 97.7 
IA3 83.7 100.0 37.1 87.3 
IA4 89.4 98.8 81.2 83.5 
Statistical results 
(For Chi-square 
tests: df=3, N = 
625) 

χ2= 
13.248 
p = .005 

p = .002 χ2= 65.621 
p = .000 

χ2= 
6.034 
p = .112 

Time period 1997-2006 82.9 94.0 47.9 86.2 
2007-2010 91.0 100.0 51.1 86.5 
2011-2015 93.2 99.1 70.1 91.9 
Statistical results 
(For Chi-square 
tests: df=2, N = 
625) 

χ2= 
12.193 
p = .002 

p = .403 χ2= 22.622 
p = .000 

χ2= 
4.155 
p = .120 

Event severity Accident 90.2 99.4 60.3 87.9 
Serious Incident 87.1 100.0 59.7 88.7 
Incident 86.5 100.0 36.5 90.5 
Statistical results 
(For Chi-square 
tests: df=2, N = 
625) 

χ2= 
1.331 
p = .533 

p = 
1.000 

χ2= 15.085 
p = .001 

χ2= .433 
p = .818 

Fatalities No 86.6 100.0 51.4 86.3 
Yes 91.9 99.1 62.8 90.1 
Statistical results 
(For Chi-square 
tests: df=1, N = 
625) 

χ2= 
4.537 
p = .037 

p = .252 χ2= 8.260 
p = .005 

χ2= 
2.165 
p = .170 

Human error as 
event factor 

No 87.1 100.0 52.1 84.3 
Yes 91.4 99.1 61.9 91.7 
Statistical results 
(For Chi-square 
tests: df=1, N = 
625) 

χ2= 
3.155 
p = .089 

p = .254 χ2= 6.155 
p = .015 

χ2= 
8.402 
p = .004 
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Table A.2: Organisational Context VS Variables 

Variables Values Organisational Context (%) 
Process Structure Culture Socio-

political 
Publishing authority IA1 35.3 43.6 4.7 16.4 

IA2 84.1 6.8 0.0 9.1 
IA3 29.9 27.1 1.4 41.6 
IA4 40.0 44.7 5.9 9.4 
Statistical 
results 

χ2 (9, N = 625) = 105.711, p = .000 

Time period 1997-2006 28.2 30.4 1.1 40.3 
2007-2010 39.0 40.4 2.2 18.4 
2011-2015 43.4 34.4 3.6 15.4 
Statistical 
results 

χ2 (6, N = 625) = 48.079, p = .000 

Event severity Accident 37.4 35.4 3.5 23.7 
Serious 
Incident 

45.2 35.5 1.6 17.7 

Incident 31.1 35.1 4.1 29.7 
Statistical 
results 

χ2 (6, N = 625) = 4.524, p = .606 

Fatalities No 35.6 34.2 1.7 28.4 
Yes 39.0 36.3 4.8 19.8 
Statistical 
results 

χ2 (3, N = 625) = 9.939, p = .019 

Human error as 
event factor 

No 33.6 36.4 2.4 27.6 
Yes 40.7 34.5 4.1 20.6 
Statistical 
results 

χ2 (3, N = 625) = 6.734, p = .081 
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Table A.3: Degree of Change VS Variables 

Variables Values Degree of Change (%) 
Repair Adaptation Innovation 

Publishing authority IA1 19.6 76 4.4 
IA2 0.0 84.1 15.9 
IA3 17.2 79.6 3.2 
IA4 0.0 91.8 8.2 
Statistical results χ2 (6, N = 625) = 39.666, p = .000 

Time period 1997-2006 7.7 86.7 5.5 
2007-2010 19.7 75.8 4.5 
2011-2015 15.4 78.7 5.9 
Statistical results χ2 (4, N = 625) = 11.877, p = .018 

Event severity Accident 15.3 79.1 5.5 
Serious Incident 4.8 88.7 6.5 
Incident 18.9 78.4 2.7 
Statistical results p = .103 

Fatalities No 15.4 79.8 4.8 
Yes 14.1 80.2 5.7 
Statistical results χ2 (2, N = 625) = 0.425, p = .808 

Human error as event factor No 15.4 80.1 4.5 
Yes  14.2 79.9 5.9 
Statistical results χ2 (2, N = 625) = .697, p = .606 
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Table A.4: Stakeholders Addressed VS Variables 

Variables Values Stakeholders Addressed (%) 
Micro Meso Macro 

Publishing authority IA1 44.4 38.5 17.1 
IA2 20.5 79.5 0.0 
IA3 66.5 32.6 0.9 
IA4 50.6 40.0 9.4 
Statistical results χ2 (6, N = 625) = 80.831, p = .000 

Time period 1997-2006 61.9 36.5 1.7 
2007-2010 52.5 36.3 11.2 
2011-2015 41.6 45.2 13.1 
Statistical results χ2 (4, N = 625) = 26.869, p = .000 

Event severity Accident 45.6 43.4 11.0 
Serious Incident 71.0 25.8 3.2 
Incident 73.0 25.7 1.4 
Statistical results χ2 (4, N = 625) = 32.126, p = .000 

Fatalities No 66.4 28.1 5.5 
Yes 38.1 49.5 13.3 
Statistical results χ2 (2, N = 625) = 50.367, p = .000 

Human error as event factor No 59.1 32.9 8.0 
Yes 44.8 45.1 10.0 
Statistical results χ2 (2, N = 625) = 12.713, p = .002 
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Table A.5: Expected Effectiveness of Recommendations VS Variables 

Variabl
es 

Values Focus of Recommendations (%) Groups of 
Recommendatio

ns Focus (%) 
Physic
al 

Functio
nal 

Symbol
ic 

Incorpor
eal 

TEC
H 

NONTE
CH 

Publishi
ng 
authorit
y 

IA1 4.8 5.2 56.9 33.1 10.0 90.0 
IA2 0.0 0.0 100.0 0.0 0.0 100.0 
IA3 0.9 10.0 88.2 0.9 10.9 89.1 
IA4 1.2 18.5 62.4 17.6 20.0 80.0 
Statistical 
results 

χ2 (9, N = 619) = 132.132, p = .000 χ2 (3, N = 619) = 
12.745, p = .005 

Time 
period 

1997-
2006 

1.1 6.6 86.2 6.1 7.7 92.3 

2007-
2010 

5.0 13.7 61.6 19.6 18.7 81.3 

2011-
2015 

1.4 4.6 70.3 23.7 5.9 94.1 

Statistical 
results 

χ2 (6, N = 619) = 47.376, p = .000 χ2 (2, N = 619) = 
21.069, p = .000 

Type of 
operatio
ns 

Commerc
ial 

2.0 8.4 76.2 13.4 10.4 89.6 

Non-
commerci
al 

5.0 2.2 65.5 27.3 7.2 92.8 

Statistical 
results 

χ2 (3, N = 534) = 22.479, p = .000 χ2 (1, N = 534) = 
1.208, p = .272 

Event 
severity 

Accident 3.3 7.2 69.8 19.7 10.6 89.4 
Serious 
Incident 

0.0 11.3 75.8 12.9 11.3 88.7 

Incident 0.0 13.5 82.4 4.1 13.5 86.5 
Statistical 
results 

χ2 (6, N = 619) = 19.621, p = .003 χ2 (1, N = 619) = 
4.398, p = .036 

Fatalitie
s 

No 2.4 11.4 78.6 7.6 13.8 86.2 
Yes 2.7 5.8 66.0 25.5 8.5 91.5 
Statistical 
results 

χ2 (3, N = 619) = 38.250, p = .000 χ2 (2, N = 619) = 
0.579, p = .749 

Human 
error as 
event 
factor 

No 3.9 12.4 74.2 9.5 16.3 83.7 
Yes 1.5 5.1 69.9 23.5 7.5 93.5 
Statistical 
results 

χ2 (3, N = 619) = 31.085, p = .000 χ2 (1, N = 619) = 
14.802, p = .000 
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Tables and Figures 

Table 1: Adaption of the ESReDA tool (2015) for indicating the scope of 
recommendations 

Description 
& 
Categories 

Original description in the 
ESReDA tool 

Adapted to reflect the scope of safety 
recommendations 

Dimension: Organizational context 
Description: The organisational context 

which the investigation 
findings address. 

The organisational context to which a 
recommendation is addressed. 

Process It is related to the work and activities involved in organising and 
executing low-level processes. 

Structure It describes the (re)design of system’s architecture and functionality 
regarding hardware/technology, the (re)design of processes included. 

Culture It is illustrated by the prevalent values, norms and behaviours of 
employees as well as their change over time. 

Socio-
political 

It is connected with political and social changes and development of 
further knowledge. 

Dimension: Level of stakeholders addressed 
Description: Sponsors or owners who 

contributed to the safety event 
investigated. 

Sponsors or owners who will be 
responsible for the implementation of 
each recommendation. 

Macro-level Governments, agencies, authorities and society 
Meso-level Industry sectors 
Micro-level Organizations, teams, or individuals 

Dimension: Degree of change 
Description: The change potential after 

acquiring the knowledge from 
the investigation. 

The degree of system changes a 
recommendation suggests. 

Repair It addresses local causes that led to failures. A relatively cheap, short-
term solution that does not enable substantial system improvements. 

Adaption It includes preventative measures that might improve current systems 
but not create new ones. 

Innovation It refers to the creation of a new solution that usually necessitates the 
development of new knowledge and a high investment of resources. 
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Table 2: Distribution of the sample across variables 

Variables Values Sample Sizes (N) and Valid 
Percentages* 
Reports 
(N=82) 

Recommendations 
(N=625) 

Publishing authority IA1 N=20 (24.4%) N=275 (44.0%) 
IA2 N=8 (9.8%) N=44 (7.0%) 
IA3 N=38 (46.3%) N=221 (35.4%) 
IA4 N=16 (19.5%) N=85 (13.6%) 

Time period 1997-2006 N=29 (35.4%) N=181 (29.0%) 
2007-2010 N=29 (35.4%) N=223 (35.7%) 
2011-2015 N=24 (29.3%) N=221 (35.4%) 

Event severity Accident N=53 (64.6%) N=489 (78.2%) 
Serious 
Incident 

N=16 (19.5%) N=62 (9.9%) 

Incident N=13 (15.9%) N=74 (11.8%) 
Fatalities Yes N=37 (45.1%) N=333 (53.3%) 

No N=45 (54.9%) N=292 (46.7%) 
Human error as event 
factor 

Yes N=44 (53.7%) N=339 (54.2%) 
No N=38 (46.3%) N=286 (45.8%) 

* Some variables were not available in the reports 
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Figure 1: Percentage of design criteria met by safety recommendations 

 

Figure 2: Types of risk controls addressed 
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