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Summary 

The prevention of errors and other failures has always been a central theme in safety and 

reliability management. However, additional benefits could be gained from focussing on what 

can be done after a failure has occurred, but before this leads to negative consequences. This 

contribution examines the factors that influence the processes people follow to recover from 

failures. Six human performance and reliability experts rated a list of recovery influencing 

factors with regard to main category, recovery process phase influenced, and (less successful) 

strength of influence. Based on agreement found between the raters we have attempted to 

structure the list. We found that a simple taxonomy does not do justice to the complex nature of 

the influencing factors. Therefore, our future efforts will concentrate on the development of a 

generic influence diagram. A field study is planned to provide insight in the differences in 

importance of each of the recovery influencing factors. 

 

 

Introduction 

 

Traditionally, the focus of safety and reliability management has mainly been on the prevention 

of errors (i.e. human failures) and other failures. However, it is worthwhile to also consider the 

possibilities for recovery after a failure has occurred; in other words to focus on how the 

negative consequences of the failure can be avoided. After all, what one really wants to prevent 

are these negative failure consequences, not necessarily always the failure itself. Some failures, 

especially unforeseen ones, are difficult or even impossible to prevent; or prevention may not 

be the most cost-effective way of dealing with them. And in many cases, after the occurrence 

of a failure, there is still a chance to recover from it, through the timely and effective 

application of countermeasures aimed at avoiding the negative failure consequences. 

Depending on their effectiveness and timeliness, the countermeasures can be completely 

successful, so a near miss results, or only partially. In the last case the end result still is an 

accident, but the severity of the outcomes has been reduced by the countermeasures.  

 

In this paper, the detection that a failure has occurred, combined with problem diagnosis and 

the identification and application of countermeasures, will be referred to as the recovery 

process. General agreement exists among researchers in the domain of human reliability (e.g. 

Zapf & Reason, 1994; Rizzo et al., 1995; Kontogiannis, 1999; Van der Schaaf, 1988) about the 

different types of recovery actions that can be distinguished. These action types correspond 

with the phases recovery processes go through:  

 actions aimed at failure or problem detection,  

 actions aimed at explanation of the causes,  

 and the planning and execution of both ad-hoc and structural corrective actions.  

Research (e.g. Kanse & van der Schaaf, 2000; Rizzo et al., 1995) has shown that to correct a 

problem, an explanation of the causes is not always necessary. There are cases where, after the 



detection of a failure, the corresponding corrective actions are immediately known and 

implemented. An attempt to locate the causes of the problem may or may not follow at a later 

stage. In many recovery processes (Kanse & Van der Schaaf, in press), after detection and 

some initial counteractions, new actions aimed at explanation and additional (long-term) 

corrective actions are performed. Several repetitions of the explanation phase and the 

correction phase are possible. 

 

Most of the existing research (e.g. Sellen, 1994; Reason, 1990) regarding recovery processes 

has focussed on the detection phase; which is important since, after all, no corrective actions 

will be initiated for failures that remain undetected. In an initial attempt to gain more insight in 

the entire recovery process, including the explanation and correction phases, we have 

performed both a review of the relevant literature and a field study at a chemical process plant. 

In the field study, we collected data about near misses and incidents via the plant’s standard 

near miss reporting forms, and held follow-up interviews with those involved in the reported 

events (Kanse & Van der Schaaf, in press). In our analysis of the collected events, we 

attempted to establish which mechanisms were involved in the recovery processes. Our study 

taught us that for an in-depth understanding of recovery processes, analysing only the process 

mechanisms was not enough, we also needed to analyse which factors actually influenced the 

processes. In other words, next to knowing how recovery processes work, we also need to 

know why: what causes recovery processes to turn out the way they do? After all, recovery 

processes can take many different forms. Variations are possible in the amount and types of 

actions needed until successful recovery has been achieved, the amount of time it takes to reach 

that state, the number of people involved, and so on. Some recovery processes are not as 

successful as others, either. 

 

By reviewing the work of other researchers who have studied recovery processes in the past, 

we identified a large number of factors that are found or believed to influence recovery. The 

field study provided evidence for the influence of many of those factors. We also identified a 

number of additional factors that had influenced some of the recovery processes we analysed, 

but that were not mentioned in the literature. All of these factors, along with an indication of 

their origin, are presented in the next section. In the third section we describe the study we 

performed to structure this list of recovery influencing factors, so that it would become useful 

for the analysis and, even more important, the support of recovery processes. The first results 

of this study are presented and discussed in the fourth section. The fifth and final section 

contains our more general conclusions. 

 

 

Factors that influence recovery 

 

Table 1 contains an overview of the factors which are found or (in some cases where there is 

no scientific evidence yet to prove the influence) expected to influence recovery processes. For 

each of the factors, we have indicated where we found evidence or arguments for the influence 

of that factor on recovery: in the literature, or in our earlier field study, or both. To save space, 

only the most important sources (preferably those with empirical evidence) are listed for those 

influencing factors mentioned by many different researchers. For most of the listed factors, 

both negative and positive extremes of the factor are possible (e.g. one can possess little, or a 

lot of knowledge about the plant and process). One of these extremes corresponds with a 



negative influence on recovery and the other with a positive influence. But again, to economize 

on space, in table 1 we have only listed a more or less neutral version of the factors. 

 

Table 1. Recovery influencing factors 
influencing factor source found in 

field 

study? 

seriousness of potential negative consequences if problem 

is not recovered 

Cacciabue et al (1993) yes 

time available for recovery, until the earliest possible 

occurrence of negative consequences 

 yes 

time available for recovery task(s), considering all other 

tasks requiring attention 

 yes 

number of failures involved in preceding failure process  Cacciabue et al (1993)  

type of failures involved in preceding failure proces Cacciabue et al (1993) yes 

simplicity and recognizability of preceding (combination 
of) failures 

Kontogiannis (1999) yes 

expected amount of effort required for recovery based on expectancy theory by 
Vroom (1964) 

 

performance phase in which the immediate result of the 
failure process is detected (during planning phase / while 

carrying out the action / when outcome of the action is 

observable) 

Sellen (1994) yes 

presence in area where problem occurs because of other 

tasks 

 yes 

observability of failures/problems e.g. Rasmussen & Vincente (1989); 

Kontogiannis (1999) 

yes 

quality of feedback 

1) about result of normal production-related actions 

2) about occurring problems 
3) about the result of implemented recovery actions 

a) from control systems, installations and equipment 

b) from co-workers 

c) from the rest of the company 

e.g. Hale & Glendon (1987); 

Bagnara et al. (1988); 

Rizzo et al. (1995); 
Sellen (1994); Reason (1990); 

Wioland & Amalberti (1998); 

Wioland (1997) 

yes 

speed of feedback  

1) about the result of normal production-related actions 
2) about occurring problems 

3) about the result of implemented recovery actions 

a) from control systems, installations and equipment 

b) from co-workers 
c) from the rest of the company 

Embrey & Lucas (1988); 

Mason & Redmon (1992); 
Sellen (1994); 

Rizzo et al. (1995) (for (3)) 

yes 

control over setting of feedback mechanisms such as pre-
alarms 

Rizzo et al. (1995) yes 

traceability of problem causes  
1) in control systems, installations and equipment 

2) among co-workers 

3) in rest of company 

Kontogiannis (1999) yes 

reversibility (possibility to return from problem 

state/situation/setting to earlier states/situation/setting)  

e.g. Rasmussen & Vincente (1989); 

Kontogiannis (1999) 

yes 

availability of materials, tools and equipment needed for 

recovery tasks 

 yes 

availability of support systems such as expert systems, 

decision support systems, search aids and memory aids 

e.g. Amalberti (1992); Embrey & 

Lucas (1988); Frese (1991) 

yes 



influencing factor source found in 

field 

study? 

possibility to use back-ups from important data and 

settings 

e.g. Frese (1991)  

possibility to test recovery strategies Kontogiannis (1999)  

availability of channels for improvement suggestions  yes 

quality and user-friendliness of interface with process e.g. Reason (1990); Bagnara et al. 
(1988); Rizzo et al. (1995); Frese 

(1991) 

yes 

availability, quality and usability of procedures and work-

instructions 

1) for normal production situations  

2) for disturbances, problems, or emergencies 

Woods (1984) (provides guidelines 

for (2)) 

yes 

functioning of planned, automatically operating recovery 

mechanisms (such as barriers, defences, spares, trips) 

Cacciabue et al (1993); Hollnagel 

(1999); Svenson (1991); Hale & 
Glendon (1987); Perrow (1984) 

(especially for tightly coupled 

systems) 

yes 

quality of problem explanation  Embrey & Lucas (1988)  

time used to establish an initial problem explanation based on Waller (1999) who found 

that early engagement in adaptive 

responses to problem events is 

crucial 

 

time used to arrive at the right problem explanation yes 

supervision Embrey & Lucas (1988) (supervisors 

performing checks); Edmondson 
(1996) (coaching behaviour) 

 

selection-, training-, and competency assessment plan Hale & Glendon (1987); Frese 
(1991); Kontogiannis (1999); Sellen 

(1994)  

yes 

knowledge and skills  

1) regarding plant and process  

2) regarding failures in general and corresponding 

problem solving strategies  
3) regarding specific problem and corresponding 

recovery 

Hale & Glendon (1987); 

Hutchins (1996); 

Duncan (1987) (support for (2)) 

yes 

experience  

1) at plant and with process 

2) regarding failures in general and corresponding 

problem solving strategies  
3) regarding specific problem and corresponding 

recovery 

Hale & Glendon (1987); 

Hutchins (1996); 

Curry & Gai (1976) 

yes 

self efficacy logical complement to factor 

immediately below 
difficult 

to assess 
team efficacy inspired by Edmondson (1999) 

awareness of limits of own knowledge and possibilities 

in reaction to efficacy-factors 

yes 

awareness of limits of knowledge and possibilities present 

in team 

yes 

attitude towards failures and recovery 

1. from individual 
2. from team, collective 

3. from management 

Van Dyck (2000); 

Edmondson (1996) 

yes 

management attitude & organisational policy towards 

safety 

 yes 



influencing factor source found in 

field 

study? 

feeling of responsibility for maintaining safety, quality 

and production in general 

1. personal 
2. with team 

 yes 

feeling of responsibility for this specific problem 
1. personal 

2. with team 

 yes 

critical individual attitude towards assumptions and 

chosen strategies 

Embrey & Lucas (1988); 

Kontogiannis (1999) 

 

critical collective attitude towards assumptions and 

chosen strategies 

Embrey & Lucas (1988); 

Kontogiannis (1999) 

 

concentration and vigilance (vs. fatigue) Curry & Gai (1976)  

motivation to perform well Curry & Gai (1976)  

stressfulness of the work environment Cacciabue et al (1993)  

stress coping ability / immunity to stress related to factor immediately above  

performing checks for the occurrence of failures Embrey & Lucas (1988); 

Kontogiannis (1999) 

yes 

preparedness in dealing with and responding to expected 

problems 

Frese (1991); Van Dyck (2000) yes 

availability of good strategies for dealing with failures Kontogiannis (1999); Frese (1991); 

Van Dyck (2000) 

yes 

alertness on possible and probable failures and problems Embrey & Lucas (1988); Van Dyck 

(2000) 

yes 

intuition, suspicion, distrust Van Dyck (2000); Kontogiannis 

(1999) 

yes 

division of tasks and responsibilities in organisation Orasanu et al. (1998) yes 

shift schedule relevant if factor below plays a role  

shift work coping ability influences fatigue  

control over work pace  Mason & Redmon (1992)  

individual opportunity to learn by making errors Van Dyck (2000); Frese (1991) yes 

collective opportunity to learn as a group from errors Van Dyck (2000); Frese (1991) yes 

availability of co-workers in same team needed to make cooperation with 

them possible 

yes 

availability of colleagues in other departments yes 

cooperation between co-workers from the same team 

(including communication) 

Hutchins (1996); Kontogiannis 

(1999); Frese (1991); Van Dyck 

(2000); Sasou & Reason (1999); 

Wioland & Amalberti (1998); 
Wioland (1997) 

yes 

cooperation between people from different parts of the 
company (including communication) 

same as factor above yes 

 

 

Method 

 

The list of recovery influencing factors presented in the previous section is not only very long, 

but also rather unstructured. A quick glance through the list shows that some of the factors 

seem to be closely related to each other. Some factors even influence each other, causing an 

indirect effect on recovery processes. The influencing factors have not been grouped yet based 

on similarities. For many of them, no indications are available as to which recovery process 

phase(s) the factor influences. In addition, there is no insight in how important each of the 



recovery influencing factors are for recovery processes: some of the factors may have a much 

stronger influence than others.  

 

Transformation of this list of recovery influencing factors into a more structured format, in 

which the problems mentioned above are solved, will contribute to its use in the future for the 

analysis and support of recovery processes. To obtain a systematically structured list, we have 

chosen a study design that relies on shared opinions on how to categorise each influencing 

factor. The rationale behind this approach is that it is better to have a categorisation supported 

by several individuals than one exclusively based on the researchers’ own ideas. 

 

The six individuals who participated in the study aimed at categorising and structuring the 

recovery influencing factors were subject matter experts in incident and accident analysis. A 

proper understanding of the mechanisms involved in accidents and near misses was necessary 

for the categorising task which they were asked to perform. Three of the participants were 

researchers in the domain of human performance and reliability. The three other participants 

were members of the Safety, Health, Environment & Quality department of the chemical 

process plant where the field study was performed earlier. Their plant’s near miss database, 

with which all three are well acquainted, served as a shared frame of reference for them during 

their participation in the study. The three researchers based their categorisations on a smaller 

subset of this database, i.e. the cases analysed during the earlier field study, combined with 

their own experiences. 

 

For each recovery influencing factor, we asked the participants three questions: 

1. to which main category does the factor belong; 

2. which recovery process phase is or phases are influenced by the factor; 

3. and how strong is the factor’s influence on recovery. 

 

Regarding the first question, the categories from which the participants could choose were: 

factor related to failure process, technical factor, human factor, informal organisation factor, 

formal organisation factor, and other type of factor. Where they felt that a factor belonged to 

more categories, they were asked to distribute 100% over the applicable categories. The 

rationale for using these six main categories is as follows:  

Over the last decades, a variety of classification systems have been developed for errors and 

other failures, or (more general) root causes of incidents and accidents. The main categories 

technical, human, and organisational factors have often been used for the classification of 

failures (e.g. Van der Schaaf, 1992; Hoyos & Zimolong, 1988; Kjellen & Larsson, 1981; 

Reason, 1991), usually with a variety of subcategories. As a first step towards the development 

of a similar classification system for recovery (instead of failure) influencing factors, we 

wanted to examine if a distinction between the same three main categories was applicable. 

Instead of having just one category of organisation factors, we decided to distinguish two 

different types: the formal organisation factors, i.e. factors embedded in the official 

organisational structure and procedures; and the informal organisation factors, i.e. factors 

resulting from social, interpersonal and group processes not formally established in the 

organisation. As can be seen from the literature on organisations and organisational behaviour, 

for a company to be successful, it needs both its formal and its informal processes to work well 

(e.g. Mintzberg, 1983; Hall, 1987). The informal processes often compensate for difficulties 

arising in the formal organisation, which makes them important especially for unplanned, ad-

hoc recovery actions. On the other hand, the formal organisation provides procedures and built-



in recovery mechanisms for failures that are foreseen. These provisions correspond with the 

barriers or defences as described by Svenson (1991) and Hollnagel (1999). We added another 

category: factors specifically related to the failure process from which recovery is needed, i.e. 

characteristics of the failures themselves, their causes and their consequences, to separate these 

from all other influences. We expected that this category would be useful to gain additional 

insight in the relationship between failures and recovery; a relationship to which Embrey & 

Lucas (1988); Bagnara et al. (1988), and Sellen (1994) had drawn our attention. Finally, we 

included a rest category ‘other factors’ for those factors that do not fit in any of the other 

categories. 

 

With regard to the second question, the participants could choose one, two or all of the 

recovery process phases described in the introduction: detection, explanation, or correction. 

Two additional possible answers were added, not to be used in combination with any of the 

answers mentioned above: ‘none of the process phases’, or ‘I don’t know’. Regarding the third 

question, about the strength of the influence on recovery processes, we asked the participants to 

indicate their choice on a 7 point scale, with categories ranging from no influence at all (1), to 

extremely strong influence (7). The purpose of including this question in the study was to 

identify which influencing factors are the most important and to compare the strength of the 

influence among the factors.  

 

The influencing factors were presented to the participants in a random order. Only factors with 

just a slight difference between them were kept together, so that these differences would be 

noticeable. The participants were asked to rate two lists of influencing factors. In the first list 

all the factors were formulated as positive influences on recovery (e.g. good feedback, a lot of 

experience in dealing with specific problems/disturbances). The second list contained the same 

factors but formulated as negative influences on recovery (e.g. no or poor quality feedback, 

lack of experience in dealing with specific problems/disturbances). The advantage of having 

these two related lists is twofold: a consistency check is possible between ratings on the first 

and second list; and with regard to the strength of the influence, we can determine if a strong 

influence of the positive version of an influencing factor always corresponds with a strong 

influence of the negative version, and vice versa, or not. The same set of written instructions, 

complete with an example, was given to each participant before they started the categorising 

task. A researcher was present during the entire time they were working on the task. One 

reason for this was that the participants could ask questions in case of possible difficulties. 

Another reason was that not only these difficulties could be recorded, but also the decision 

process followed by the participants, who were encouraged to think aloud during the task. The 

list of positive influences, once categorised by the participant, was taken away before he or she 

could start with the list of negative influences. An individual session was organised for each 

participant to perform the categorising task. To avoid participants from influencing each other, 

they were asked not to discuss the categorising task with each other until all of them had 

completed the task. 

 

To measure the agreement between the participants with regard to their categorisations of the 

influencing factors, some of the Q-methodology principles and techniques were used. Q-

methodology (Brown, 1986; McKeown & Thomas, 1988) focuses on the relationship between 

a relatively small number of respondents regarding their judgement about a large number of 

subjects (as opposed to the more common R-methodology where the relationship between 

variables across persons is studied). In most of the Q-methodology techniques correlations 



between persons across subjects are used as association measure. However, in our study this is 

not the most suitable measure; not only because of the nominal nature of two of our rating 

scales, but also because high correlations do not necessarily correspond with high levels of 

agreement between participants (Krippendorff, 1987). Instead, we used the kappa-statistic 

(Cohen, 1960) as a measure of nominal scale agreement, the multi-rater variant (Fleiss, 1971; 

Siegel & Castellan, 1988), and for the ratings of the strength of the influence also weighted 

kappa (Cohen, 1968, Landis & Koch, 1977; Schouten, 1982), so that ratings differing only 

slightly between two raters would also count towards agreement. The kappa statistic provides a 

measure of agreement that is corrected for agreement exclusively based on chance. 

 

 

Results & discussion 

 

In this section we will only present some of our most interesting initial research findings. 

Within the scope of this contribution it is not possible to include all our findings, and, 

furthermore, we have not yet completed all the analyses of the data gathered in this study. First, 

we will present and discuss a few important statistics we calculated based on the ratings from 

the participants in our study. After that, we will show how we used the results of our study for 

our attempt to structure the list of recovery influencing factors. 

 

We calculated the kappa statistic for agreement between multiple raters (Fleiss, 1971; Siegel & 

Castellan, 1988) for the participants’ ratings for each of the three questions separately. With 

regard to the main category to which each of the influencing factors belongs, a kappa of 0.55, 

significant at the =0.01 level, was obtained as a measure of overall agreement between the six 

participants beyond chance agreement. According to guidelines provided by Landis & Koch 

(1977), this corresponds with a moderate agreement beyond chance. With regard to the phases 

influenced by each of the factors, the value of kappa was 0.66, significant at the =0.01 level, 

corresponding with a substantial agreement beyond chance. To accommodate the possibility of 

multiple answer categories chosen for one single influencing factor, per factor we calculated 

the agreement proportions for each of the answer categories separately, and averaged these to 

obtain overall agreement on the factor.  

 

The ratings for the strength of the influence of each factor on recovery were made by only four 

participants; two of the researchers felt that they were not familiar enough with the plant’s near 

miss database to be able to make the required judgements. A very low value was obtained for 

the normal multi-rater kappa statistic, 0.03, indicating no agreement beyond chance. But in this 

value, two ratings which are only slightly different from each other, a very common situation 

when using ordinal categories, do not count towards agreement. We tried to overcome this 

problem by using a weighted kappa statistic for each of the six possible pairs of raters. Exact 

agreement obtained a weight of 1, the largest possible difference a weight of 0, and all other 

differences weights in between these values, with smaller differences weights closer to 1 and 

larger differences weights closer to 0, following a linear formula described by Schouten 

(1982). We obtained weighted kappa values between 0.04 and 0.22 for the six possible pairs of 

raters, which are still very low. We had to conclude that no overall agreement beyond chance 

existed among the participants with regard to the strength of the influence of the factors on 

recovery. Even though they had the same near miss database as a shared frame of reference, the 

participants probably kept different examples of recovery processes in mind when they rated 

the strength of the influence of the factors, which explains the lack of agreement. For some of 



the influencing factors, however, there was sufficient agreement among the raters about the 

strength of the influence to allow specific conclusions regarding those factors. With regard to 

‘feedback’ as influencing factor, feedback from control systems, installations and equipment 

was consistently considered more important than feedback from co-workers, which on its turn 

was considered more important than feedback from the rest of the company. For feedback 

regarding general production-related actions and regarding occurring problems, quality was 

considered slightly more important than speed (i.e. the time it takes before feedback becomes 

available). One participant’s ratings, however, indicated the opposite; but this person rated the 

speed of feedback-factors assuming an already satisfactory quality. Our conclusion is that both 

quality and speed of feedback are vital, in most cases, one without the other is not much use for 

successful recovery. For feedback about the result of recovery actions, speed was considered 

slightly more important than quality. The often restricted amount of time available for recovery 

is a possible explanation for this finding; once a recovery process is started one needs to know 

quickly how effective the countermeasures are, so that the recovery process can be completed 

as soon as possible and other tasks can continue. No notable differences were found between 

ratings for influence strength of the positive influences (i.e. good quality and fast feedback) and 

the corresponding negative influences (i.e. poor quality and slow feedback). 

 

To see if there were any substantial differences between each participant’s ratings for the 

positive influencing factors and the negative influencing factors, we calculated a kappa-like 

statistic for ‘intra-rater reliability’. This was done similar to how one would calculate inter-

rater reliability for a single pair of raters, i.e. by comparing a participant’s ratings for the 

positive influencing factors to his or her ratings for the corresponding negative influencing 

factors. Two values were calculated for each participant, one for the recovery process phases 

influenced by the factors, and one for the main category to which the factors are assigned. The 

resulting values ranged from 0.70 to 1, with three values qualifying as substantial agreement, 

six values as almost perfect agreement, and three as perfect agreement (again according to the 

guidelines from Landis and Koch (1977)). Given the lack of overall agreement on ratings for 

the strength of the influence of the factors on recovery, and the difficulty the participants had to 

perform this part of the task, we decided not to calculate intra-rater reliabilities for these 

ratings. Unfortunately, this was the only rating where we actually hoped to find some more 

substantial differences between the positive and negative influences. 

 

Since the highest overall agreement on ratings was found for the recovery process phases 

influenced by the factors, we used these ratings as the basis for structuring the list. For each 

recovery process phase, we listed and counted the factors for which four or more raters had 

indicated that they influenced that particular phase. Out of the total of 172 influencing factors 

(86 positive influences and 86 negative influences), raters agreed that 81 factors influenced the 

detection phase, 112 factors influenced the explanation phase, and 115 factors influenced the 

correction phase.  
The factors influencing the detection of failures or the resulting problem situation were (formulated as 

neutral versions of the influences, similar to table 1): simplicity and recognizability of preceding failures, 

performance phase in which failure is detected, presence in problem area for other tasks, observability of 

failures, quality & speed of feedback, control over feedback settings, interface design, quality & 

availability of procedures for problem situations, available defences, selection & training, knowledge & 

experience, individual- team- and management attitude towards failures and recovery, feeling of 

responsibility for safety, alertness, fatigue, motivation to perform well, stress, stress coping ability, 

performing checks, preparedness for problems, intuition, shift schedule, shift work coping ability, and the 

opportunities to learn from errors. 



Factors influencing the explanation phase were: potential failure consequences, time until negative 

consequences can occur, time available considering other tasks, number & types of preceding failures, 

recognizability of failure, expected amount of effort required for recovery, performance phase in which 

failure is detected, feedback, traceability of causes, availability of support systems, possibility to test 

countermeasures, interface design, time used to establish an initial problem explanation, supervision, 

training & selection, knowledge & experience, self and team efficacy, awareness of own & team 

limitations, individual- team- and management attitude towards failures and recovery, feeling of 

responsibility for safety and for specific problem, critical attitude towards chosen strategies, motivation to 

perform well, stress, stress coping ability, preparedness for problems, strategies for dealing with failures, 

shift schedule, shift work coping ability, control over work pace, opportunities to learn from errors, and 

the availability of and cooperation with co-workers and colleagues. 

The factors that influence corrective actions were: potential failure consequences, time until negative 

consequences can occur, time available considering other tasks, number & types of preceding failures, 

expected amount of effort required for recovery, performance phase in which failure is detected, feedback 

regarding countermeasures taken, reversibility, availability of materials and equipment needed for 

recovery, availability of support systems, availability and use of back-ups, possibility to test 

countermeasures, availability of channels for improvement suggestions, quality & availability of 

procedures for problem situations, available defences, quality of and time used for problem explanation, 

supervision, training & selection, knowledge & experience, self and team efficacy, awareness of own & 

team limitations, individual- team- and management attitude towards failures and recovery, feeling of 

responsibility for safety and for specific problem, critical attitude towards chosen strategies, motivation to 

perform well, stress, stress coping ability, preparedness for problems, strategies for dealing with failures, 

division of tasks and responsibilities, shift work coping ability, control over work pace, opportunities to 

learn from errors, and the availability of and cooperation with co-workers and colleagues. 

 

Obviously, these lists overlap. In each of the three lists, a subdivision was made based on the 

main category to which every factor was assigned (at least three out of the maximum possible 

six points needed to be given to that category). Of the factors influencing detection, 5% were 

assigned to the main category of failure process-related factor, 17% were considered technical 

factors, 37% human factors, 21% informal organisation factors, and 14 % formal organisation 

factors. The corresponding percentages for the factors influencing explanation are 7%, 12%, 

30%, 28%, and 19%, respectively; and 6%, 10%, 33%, 21%, and 24% for the factors 

influencing correction. The remaining percentages are either factors that were assigned to the 

‘other type of factor’ rest category, or factors about which the raters did not show a sufficient 

level of agreement with regard to the main category to which the factor belongs.  

 

A closer inspection of the ratings for main category to which a factor belongs, showed that 

many factors which were mainly assigned to the categories technical, human, or informal 

organisation factors, were also partly assigned the category of formal organisation factors. This 

is an indication of the indirect nature of the influence of the formal organisation on recovery. 

Other examples of these indirect influences are obvious just by going through the list: for 

example, the levels of knowledge and experience of the organisation’s personnel can be 

influenced via training and selection. Given the existence of these indirect influences, 

combined with the overlap in assignments of factors to recovery process phases, in hindsight 

we feel that a taxonomy with main and sub categories to classify recovery influencing factors 

is probably not the most useful tool for the analysis and support of recovery processes. 

Therefore, our next steps in structuring the recovery influencing factors will include the 

development of a model in which this overlap is avoided and indirect influences are visible. 

Insights gained in the initial structuring attempts as described above can serve as a basis for 

this development process. 



 

 

Conclusions 

 

Based on ratings made by six experts in the field of human reliability and accident and incident 

analysis, we have attempted to evaluate and structure a list of factors which have been found to 

(or are expected to) influence recovery processes. There was sufficient overall agreement 

beyond chance between the six participants with regard to the recovery process phases 

influenced by each of the factors and the main category to which each factor belongs. No 

overall agreement beyond chance was found between the four participants who also rated the 

strength of the influence. 

 

One problem we encountered in our study design, was that participants found it difficult to 

indicate the strength of the influences on recovery, performing the categorising task based on 

memory alone. A better (and more objective) way to find out how important each of the 

influencing factors is, would be to analyse and count which factors actually played a role in the 

recovery processes, for a large set of near misses and incidents, representative for the 

organisation where the study is performed. This way, we can measure two aspects of the 

importance of the influence of a factor: how strong the influence of the factor is when it plays a 

role in a recovery process; and how often a particular factor actually plays a role in recovery 

processes in the organisation. An additional benefit of the proposed field study is the 

possibility to assess whether there are differences in the strength of the influence and frequency 

of occurrence between the positive and the negative extremes of the recovery influencing 

factors. The data from our current study did not allow us to draw any conclusions about this. 

 

We have structured the list according to the recovery process phase(s) each factor influences, 

and organised the influencing factors per phase according to the main category to which they 

belong. By doing so, we found that a simple taxonomy of recovery influencing factors, with 

main- and subcategories comparable to taxonomies for failure factors, does not do justice to the 

complex nature of those influencing factors. After all, one factor can influence several phases 

of the recovery process, and indirect influences are also quite common. For our future attempts 

to clarify and model these influencing factors we are planning to develop a generic influence 

diagram. This diagram will be centred around the three different types of recovery actions: 

detection, explanation, and correction; using arrows to indicate direct and indirect influences. 

The insights gained in our current study will continue to be useful in our future modelling 

efforts. 
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