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Abstract 

Background: Healthcare systems face increasing stress due to rising demand, workforce 
shortages, and resource constraints. Insights from resilience engineering and Safety-II 
perspectives highlight the need to strengthen healthcare organisations’ capacity for resilient 
performance. Hollnagel’s Resilience Analysis Grid (RAG) is proposed as a tool to assess four core 
potentials of resilience: respond, monitor, learn, and anticipate. 

Objective: This study explored the feasibility and face validity of the proposed items of the RAG as 
a potential basis for survey instruments in healthcare. 

Methods: A cross-sectional internet survey was distributed internationally using convenience 
sampling. For each original RAG item, participants rated feasibility (I can answer this question) and 
face validity or perceived relevance (This question seems relevant to me) on a 5-point Likert scale.  

Results: Of 32 initial entries, 18 participants provided responses to at least one RAG item and 
were included; only 11 completed the full survey. Respondents were mainly employed in Belgium, 
with diverse roles, including nurses, physicians, and managers. Across all four RAG potentials, 
median scores converged at 4 (Somewhat agree). Mean scores and positive proportions (proportion 
top-2 answers) were generally above 50%, though confidence intervals were wide. Relevance was 
often rated higher than feasibility, suggesting that some items were considered important but 
difficult to answer. Informal feedback from non-participants indicated that a lack of familiarity with 
resilience concepts and the difficult wording of items contributed to non-completion. 

Conclusion: This exploratory study highlights both the potential and the limitations of applying a 
ready-made RAG in healthcare. The RAG items were perceived mainly as feasible and relevant by 
respondents, though difficulties in understanding suggest that contextualization and theoretical 
framing are necessary for optimal use.  
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Introduction 

Healthcare systems are increasingly under pressure. Scarcity of resources, rising costs, workforce 
shortages, and a rising demand for care create structural challenges that threaten the sustainability 
of high-quality service delivery. (1) These issues are not only acute, but are expected to intensify in 
the future, raising concerns about how healthcare organisations can continue to function effectively 
under such constraints. The COVID-19 pandemic exposed vulnerabilities, revealing inadequate 
infrastructure, resource allocation, and readiness to respond to crises. In other words, it showed 
how quickly systems can be overwhelmed when demand surges while staff and resources are 
limited. 

In this context, the concept of resilience has gained importance. Resilience has been defined as 
“the intrinsic ability of a system to adjust its functioning prior to, during, or following changes and 
disturbances so that it can sustain required operations under both expected and unexpected 
conditions.” (2) Health system resilience was otherwise defined by Kruk et al. as “the capacity of 
health actors, institutions, and populations to prepare for and effectively respond to crises; 
maintain core functions when a crisis hits; and, informed by lessons learned during the crisis, 
reorganise if conditions require it.” (3) 

Resilience engineering is described by Woods and Hollnagel as a paradigm for safety management, 
focusing on helping people cope with complexity under pressure to achieve success. (4) A core 
insight is that both successes and failures result from everyday adaptations, meaning that 
understanding normal work is as important as investigating adverse events. 

This perspective aligns closely with Safety-II thinking, which shifts attention from preventing errors 
alone to studying how and why things usually go right. (5,6) Safety-II emphasises learning from 
successful performance as a basis for improving safety and quality. Together, resilience engineering 
and Safety-II provide a broader view of safety, one that accounts for adaptability and learning in 
complex systems.  

The definition of resilience was made more concrete by Hollnagel et al., pointing to four abilities 
that are necessary for a system to be resilient. (2) These four abilities (or potentials) are: the 
ability to respond to events, monitor ongoing developments, anticipate future threats and 
opportunities, and learn from past failures and successes. Together, they define resilience as an 
emergent property of a system.  

A system is not resilient, but has the potential for resilient performance. (7) To operationalise the 
insights of resilience engineering, Hollnagel further suggested the Resilience Analysis Grid (RAG), 
which offers a structured way to assess an organisation’s potential for resilient performance. (7,8)  

The RAG is by definition based on resilience engineering principles. These principles advocate for a 
systems view rather than a Cartesian, reductionist view. Successful performance and safety in 
large complex systems depend on adopting a proactive approach. (9) Healthcare is an adaptive, 
complex system, where variability is inevitable. This variability is key to both the success and 
failure of the system. (10) While resilience is vital for organisations across all sectors, it is even 
more significant in healthcare: when dealing with people's lives and wellbeing, the stakes are high, 
and the potential consequences of failure can be disastrous. 

Considering this, studying a healthcare system’s potential for resilient performance seems 
necessary, and the RAG appears to be the perfect tool for this assessment.  

The present study explores whether the original RAG items can be applied directly as a survey 
instrument in healthcare, by assessing their feasibility (can practitioners answer the questions?) 
and face validity (do they perceive them as relevant?). 

 

2 
 



 

Methods 

Study design and objective 

We conducted a cross‐sectional survey to assess the feasibility and face validity of applying 
Hollnagel’s Resilience Analysis Grid (RAG) to healthcare settings. The study had two main 
objectives: 1. to determine the extent to which participants were capable of answering each RAG 
question as proposed (feasibility), and 2. to assess the extent to which participants perceived each 
question as relevant for assessing organisational resilience in their context (face validity). 

The reporting of this survey was informed by CHERRIES (Checklist for Reporting Results of Internet 
E-Surveys) and CROSS (Checklist for Reporting of Survey Studies). (11,12) 

Setting and participants 

Recruitment used convenience sampling: an open survey link was broadly and internationally 
distributed through professional networks, with encouragement to reshare. The only inclusion 
criterion was currently working in a formal healthcare organisation; solo practitioners and 
employees or owners of small practices were excluded.  Participation was voluntary; no incentives 
were offered.  

Instrument 

The survey was based on the RAG, which organises items around the four “resilience potentials”: 
anticipate, monitor, respond, and learn. For each RAG item, respondents were shown the original 
question from Hollnagel’s original publication. (7) Participants were asked to assess the feasibility 
and face validity of these items by evaluating two statements: I can answer this question and This 
question seems relevant to me, using a 5-point Likert scale (Strongly disagree; Somewhat 
disagree; Neither agree nor disagree; Somewhat agree; Strongly agree).   

Participant characteristics (country of employment, profession, role) were collected to describe the 
sample and enable analyses of subgroup summaries. No identifiable data were collected. 

The anonymous online questionnaire was administered via a web survey platform (QualtricsXM®), 
provided by Hasselt University. After an information page with a short educational video, 
participants proceeded to the characteristics set (3 questions) and item set (39 questions of 2 
statements each). One open field for reflection and ideas was offered at the end. Participants were 
informed of a 30 to 40-minute survey time. The survey remained open during a window of 1 
month; reminders were disseminated through the same channels midway through the window.   

Data management and analysis 

Data were collected and are stored on Hasselt University servers, stripped of all possible 
identifiable (meta-)information. 

Data were analysed using R (version 4.5.1) and RStudio (version 2025.5.1.513). (13,14)  

Given the feasibility aim and expected small item-level sample sizes, analyses were mainly 
descriptive. Respondent characteristics were summarized. For each RAG item, descriptive statistics 
were presented (mean, median, min, max), alongside an inferential element:  the positive 
proportion of responses (answers valued ≥4, ‘somewhat agree’ and ‘strongly agree’) with 95% 
Wilson confidence interval (CI). 

Incomplete survey responses were excluded only if no feasibility or face validity items were 
answered. For the item-level analyses, all available data were used; if a response to a specific item 
was missing, it was excluded from the analysis of that item only.  

 

 

3 
 



 

Results 

Convenience sampling during a one-month period resulted in 32 participants opening the survey 
and completing at least one question on participant characteristics. Of these, 18 provided 
responses to at least one item on feasibility or face validity and were included in the analyses. All 
other entries were excluded. Ultimately, 11 participants completed the entire survey. The varying 
sample size is reported consistently at the item level throughout the text, tables, and figures. 

Participant characteristics 

 

 

 

 

 

 

 

 

 

 

Table 1. Participant characteristics. Participants’ professions, roles, and countries of employment. 

Of the 18 participants, 14 were employed in Belgium, 2 in Italy, and 1 in the Netherlands. Five 
participants worked as nurses and four as physicians, while the remaining participants held other 
functions, including management and administrative functions. Only four reported being exclusively 
engaged in direct patient care; all others combined clinical work with additional responsibilities, or 
focused solely on non-clinical roles. 

Item-level responses 

Likert items are strictly ordinal, for which medians and interquartile ranges can be calculated. 
However, given the small sample size and the limited variability of medians (often four across 
items), item-level means were calculated to better illustrate differences between responses in 
figures. (15)  

Full results for all items across four investigated abilities of the RAG are offered in the tables of the 
Appendix (Table A1-4, p.12).  
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The ability to respond 

According to E. Hollnagel, a system can only respond appropriately to what occurs if it has 
prepared responses and resources at the ready or if it has the flexibility to make necessary 
resources available. (7) The original RAG proposes 10 items to investigate a system’s ability to 
respond to changing circumstances and adversity.  

 

Figure 1. The ability to respond - feasibility and relevance. Dumbbell plot of Likert-scale item means and varying sample 
sizes.  

Table A1 (p.12) and Figure 1 show that the questions on the ability to respond have been answered 
17 or 18 times (n=17 or 18). Descriptive measures were reported in detail in Table A1 (p.12).  

Across the board, feasibility was generally scored positively, with only two questions for which the 
positive proportion of answers was smaller 50%. This proportion was larger than 70% in 3 cases, 
of which CIs only excluded the 50% mark in one case, namely the very first question: “What are 
the events for which the system has a prepared response?”   

Perceived relevance of questions (face validity) scored similarly: only 1 question scored a positive 
proportion of answers smaller than 50%. This proportion was larger than 70% in 4 cases, of which 
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the lowest value of the CIs scored greater than 50% in 2 cases: the same question as feasibility, 
and “When is a response activated?” 

 

The ability to monitor 

Resilient performance is dependent on monitoring the internal and external situation of a system. 
What happens in the outside world and within the boundaries of a system should be monitored to 
respond adequately and timely. In healthcare, as in other industries, adequate monitoring relies on 
indicators. (7) The RAG proposes 10 items that explore indicators and their measurement. 

 

Figure 2. The ability to monitor - feasibility and relevance. Dumbbell plot of Likert-scale item means and sample sizes. 

Table A2 (p.15) and Figure 2 show the results of 14 responses (n=14) to the questions on the 
ability to monitor. Descriptive measures are reported in detail in Table A2 (p.15).  

Scores were more diverse than previously. Feasibility was scored negatively in 5 cases, with a 
positive proportion below 50%. A positive proportion above 70% was only measured in 2 cases, of 
which only 1 had a CI excluding the 50% mark.  

Scores for perceived relevance of questions were not identical: only two questions scored a positive 
proportion of answers smaller than 50%. This proportion was larger than 70% in 3 cases, of which 
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the lower end of the CIs scored greater than 50% in 2 cases. Relevance scored relatively higher 
than feasibility in this section, sometimes with significant discrepancy between the scores for 
feasibility and perceived relevance, as is made visually obvious in Figure 2.  

 

The ability to Learn 

The ability to learn from the past is what informs the ability to anticipate and ultimately respond in 
the future. It combines the results of the monitoring effort and the knowledge that emerges from 
investigating past responses in or by the system. The effectiveness of the effort to learn as a 
system depends on both the method and the selection of events to learn from.  (7)  Again, 10 
items are proposed as essential to learning as a system. 

 

Figure 3. The ability to learn - feasibility and relevance. Dumbbell plot of Likert-scale item means and sample sizes. 

Table A3 (p.18) and Figure 3 show the results of 11 responses (n=11) to the questions on the 
ability to learn. Descriptive measures are reported in detail in Table A3 (p.18).  

Scores were less diverse. Across the board, scores for both feasibility and perceived relevance were 
positive. Both means and positive proportions were always greater than 50%. Positive proportions 
for both feasibility and perceived relevance were greater than 70% in 6 cases, with the lowest 
score of the CIs greater than 50% in 3 cases each. Nevertheless, these scores are not always 
linked: in 8 questions, the scores for relevance were higher than those for feasibility. In one case, 
relevance was scored 4 or 5 in 100% of entries: Does the system try to learn from successes as 
well as from failures? 
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The ability to Anticipate 

The potential for resilient performance of a system is greatly increased by its readiness for the 
future. A system should anticipate future events and conditions, both beneficial and detrimental to 
its functioning. (7) In this case, nine items are proposed. 

 

Figure 4. The ability to anticipate - feasibility and relevance. Dumbbell plot of Likert-scale item means and sample sizes 

Table A4 (p.21) and Figure 4 show the results of 11 responses (n=11) to the questions on the 
ability to anticipate. Descriptive measures are reported in detail in Table A4 (p.21).  

Again, across the board, scores for both feasibility and perceived relevance were positive. Both 
means and positive proportions were always greater than 50%. Positive proportions for feasibility 
were greater than 70% in 6 cases, with the lowest score of the CIs greater than 50% once. 
Perceived relevance was rated with a positive proportion greater than 70% in 7 cases, with lower 
CI values greater than 50% 5 times. 

Overall, as Figure 4 shows, mean scores for relevance were equal to or higher than those for 
feasibility. 
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Discussion 

Sample size and generalizability 

This exploratory study was based on a relatively small convenience sample, which limits the 
generalizability of the findings and complicates the possibility for meaningful statistical regression. 
Of 32 initial participants, only 18 answered some questions on feasibility or face validity. Just 11 
completed the full survey. All responses to questions on feasibility and face validity (perceived 
relevance) were included, leading to a varying sample size for all items. The specific sample sizes 
were reported throughout this paper. 

The small sample size resulted in wide CIs for the positive proportion of Likert-scale scores. 
Item-level medians often converged at 4. Means and positive proportions were presented to 
illustrate variation.  

This study should be interpreted as an exploration of feasibility and face validity rather than as a 
robust validation of the RAG. 

Feedback from non-participants 

The possibility of significant response bias must be acknowledged, as more critical perspectives 
may not have been captured by this survey. 

During the timeframe of data collection, several individuals (n=7) contacted us to explain why they 
chose not to complete the survey. Interestingly, in all cases, these individuals argued that the 
questions were too difficult to understand. Additionally, 2 participants made similar remarks in the 
free-text section of the survey responses. Each one of the seven individuals who contacted us 
expressed the need for more context and a better understanding of the theory that informed the 
RAG. Although efforts were made to accommodate this need, none of these individuals eventually 
filled out the survey. As a result, a significant amount of data was not recorded.  

The present findings are likely to reflect only the views of those who were more comfortable with 
the theory and wording. The results of this survey, based on the included sample of 11 to 18 
participants, varying across survey items, could have been greatly impacted by the participation of 
these seven individuals. 

Response patterns 

Across items, mean scores and the proportion of positive responses were generally above 50%. 
This indicates that participants who completed the survey tended to regard the items as both 
feasible and relevant. What stands out is that perceived relevance is often scored higher than 
feasibility. This suggests that participants considered these questions and topics as important for 
assessing organisational resilience, even if they found them difficult to answer.   

Contextualization of the RAG 

The RAG was developed as a flexible tool, intended to be adapted and contextualized in 
collaboration with the group under study. (7) The difficulties experienced by some non-participants 
underline the importance of this principle.  

In published literature, the RAG is described as a guideline for constructing a resilience profile, 
advising the development of original questions. (9) A multi-step approach is advised: first, 
constructing a survey based on the RAG foci and knowledge and experience of the participants, and 
only then administering the survey to the entire organisation. (7,16) Even when efforts are made 
to provide a ready-to-use RAG, contextualization is key: Chuang et al. propose the ED-RAG, which 
is to be used solely for the assessment of the potential of resilient performance of hospital 
emergency departments. (17)  

Direct involvement of participants in contextualizing the items may improve both comprehensibility 
and engagement in future applications of the RAG. In addition, informal feedback from 
non-participants suggests that some theoretical knowledge of resilience engineering concepts is 
appreciated and may be necessary to enable a high-quality assessment. 
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Limitations and recommendations 

A small sample size limits the generalizability of the findings (n=11 to n=18). Significant response 
bias should be considered, after researchers were made aware of no less than seven participants 
who did not complete the survey, on the grounds that it was too difficult to understand.  

Despite its limitations, this study offers initial insights into how the RAG may be perceived in a 
healthcare setting. The overall alignment of feasibility and face validity (perceived relevance) 
ratings suggests that, for those who did respond, the items were both answerable and relevant. 
The findings of this study affirm the wide recommendation to always contextualize the suggested 
items of Hollnagel’s Resilience Analysis Grid. Future work should involve co-development of the 
survey items together with the observed healthcare teams.  

An interesting yet complex angle for future research would be to study the link between systematic 
resilient performance measures using the RAG and the impact thereof on outcomes and patient 
safety. 

 

Conclusion 

This cross-sectional study examined the feasibility and face validity of the Resilience Analysis Grid 
by E. Hollnagel in healthcare through an online survey. While responses indicated that most items 
were perceived as both answerable and relevant, important limitations were underline by the small 
sample size, wide confidence intervals, and feedback from non-participants. The findings of this 
study suggest that applying a standardised RAG without adaptation hinders comprehensibility and 
participation. Consistent with existing literature, the study supports the need to contextualize RAG 
items in collaboration with practitioners and to provide adequate theoretical framing when 
introducing resilience concepts. Future research could focus on linking resilience assessment more 
directly to patient safety and organisational outcomes. 

 

Declaration on AI tool use 

The author confirms that Grammarly (Grammarly Inc.), provided by Hasselt University, was used 
for language corrections. Generative AI (OpenAI ChatGPT-5) was applied only in statistical 
analysis, for the correction and automation of R code. The results of this code have been manually 
checked for their solidity. Generative AI was not used for the writing of this thesis.  
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Appendix - Tabled results and descriptive statistics   

All questions in the following tables are directly copied from ‘RAG - Resilience Analysis Grid’ by Eric 
Hollnagel. (7) 

 

 

Table A1. The Ability to Respond - results. Descriptive statistics per question (feasibility and perceived 
relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; median; 
minimum; maximum. Item-level n varies due to missing data.  
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Table A1. The Ability to Respond - results - continued. Descriptive statistics per question (feasibility and 
perceived relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; 
median; minimum; maximum. Item-level n varies due to missing data. 
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Table A1. The Ability to Respond - results - continued. Descriptive statistics per question (feasibility and 
perceived relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; 
median; minimum; maximum. Item-level n varies due to missing data. 
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Table A2. The Ability to Monitor - results. Descriptive statistics per question (feasibility and perceived 
relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; median; 
minimum; maximum. Item-level n varies due to missing data.  
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Table A2. The Ability to Monitor - results - continued. Descriptive statistics per question (feasibility and 
perceived relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; 
median; minimum; maximum. Item-level n varies due to missing data.  
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Table A2. The Ability to Monitor - results - continued. Descriptive statistics per question (feasibility and 
perceived relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; 
median; minimum; maximum. Item-level n varies due to missing data.  
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Table A3. The Ability to Learn - results. Descriptive statistics per question (feasibility and perceived 
relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; median; 
minimum; maximum. Item-level n varies due to missing data. 
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Table A3. The Ability to Learn - results - continued. Descriptive statistics per question (feasibility and 
perceived relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; 
median; minimum; maximum. Item-level n varies due to missing data.  
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Table A3. The Ability to Learn - results - continued. Descriptive statistics per question (feasibility and 
perceived relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; 
median; minimum; maximum. Item-level n varies due to missing data.  
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Table A4. The Ability to Anticipate - results. Descriptive statistics per question (feasibility and perceived 
relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; median; 
minimum; maximum. Item-level n varies due to missing data.  
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Table A4. The Ability to Anticipate - results - continued. Descriptive statistics per question (feasibility and 
perceived relevance). N; the proportion “positive” results (≥4) of Likert 1-5 (with 95% Wilson CI); mean; 
median; minimum; maximum. Item-level n varies due to missing data. 

22 
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