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Abstract

Safety investigations fall under the typical definition of a project since they have
definite start and end dates and offer a specific end-product, meaning the safety
recommendations which must be considered by the respective stakeholders as
a means to improve the safety of daily operations. The scope of this study was
to investigate whether safety investigations could benefit from project manage-
ment. The research consisted of the following steps: (1) a gap analysis between
the PMBPOK standard of the Project Management Institute (PMI) and the ICAO/
USAF manuals regarding the main activity/knowledge areas and techniques/
tools mentioned in these representative investigation standards, (2) based on the
findings of the previous step, administration of a questionnaire to examine the
degree to which project management areas and activities are present in regio-
nal safety investigation standards, and the perception of the participants about
their usefulness. The findings suggested that the project management areas and
activities are present in regional investigation standards at levels varying from
10% to 97%. Also, risk, quality, communication and stakeholder management
are underrepresented in investigation standards. Most of the areas and activi-
ties of project management were perceived as very useful by the participants,
who expressed some concerns about the danger to increase bureaucracy and
complexity of safety investigations. Similar research can be conducted by other
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industry sectors and regions to detect whether project management principles
can be introduced in safety investigations with the aim to increase their effecti-
veness and performance. Future research can focus on the project management
tools and techniques that can be used in safety investigations as well as the exa-
mination of the latter through the lenses of agile project management.
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1 Introduction

The safety investigation is a process conducted solely for the prevention of
accidents and incidents and includes the collection and analysis of infor-
mation, the determination of causes and/or contributing factors, the dra-
wing of conclusions, and the generation of safety recommendations (ICAO,
2010). Each investigation begins with the formation of the investigation
team, which consists of the Investigator in Charge (IIC) and member ex-
perts from various fields (e.g., pilots, engineers, doctors, psychologists) and
concludes with a final report. The latter is a document which includes the
official conclusions of the investigation and constitutes a publicly available
record of the corresponding safety event (ICAO, 2015).

According to the Project Management Institute (PMI), a project is a tem-
porary endeavour undertaken to create a unique product, service, or result
(PMI, 2013). The temporary nature of projects means that they have defi-
nite start and end dates. A project is finished when its objectives have been
achieved. However, a project can also be terminated before its planned
end-date because its objectives will not or cannot be met, or when the ne-
cessity for the project no longer exists (PMI, 2013).

When considering the definitions and principal characteristics of pro-
jects and accident investigations, as mentioned above, it is evident that an
accident investigation, or safety investigation in general, is a project where
the IIC has the role of a project manager. Safety investigations have start
and end dates and offer a specific end-product which is an investigation
report including recommendations which must be considered by the res-
pective stakeholders as a means to improve safety.

Taking into account the correspondence between projects and safety in-
vestigations, in our study we examined whether project management areas
and activities, as documented by PMI (2013), are included in the safety in-
vestigation standards of the International Civil Aviation Organization (ICAO)
and the United States Air Force (USAF) directive for safety investigations.
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Based on the differences identified, we administered a questionnaire to safe-
ty investigators with the scope to collect information about the existence of
project features/activities in regional standards and examine the usefulness
of the former as perceived by the participants. The findings suggested that
risk, quality, communication and stakeholder management are underrepre-
sented in investigation standards, and, in general, the project management
areas and activities are present in regional investigation standards at levels
varying from 10% to 97%. Most of these areas and activities were perceived
as very useful by the participants, who expressed some concerns about the
danger to increase bureaucracy and complexity of safety investigations.

2 Methodology

The 5th edition of the Project Management Book of Knowledge (PMBOK)
(PMI, 2013) was used as the primary standard for project management.
The selection of the particular standard was made due to its establishment
across the industry since its first edition in 1986. PMBOK presented the pro-
cesses of a typical project across ten knowledge areas and organized in five
project management process groups (Figure 1).

ICAO Annex 13 (2001), the four parts of the ICAO Doc 9756 (ICAO, 2003,
2011, 2012, 2015) and the ICAO Doc 9962 (2011) constitute the respective re-
ferences for conducting safety investigations in the civil aviation domain
including the necessary guidelines. The Air Force Policy Directive (AFPD)
91-2 (USAF, 2017), Air Force Instruction (AFI) g1-204 (USAF, 2014) and the
Air Force Manual (AFMAN) g1-223 (USAF, 2014) issued by the USAF were
used as a representative military standard for safety investigations. The re-
search consisted of three consecutive steps, as explained below, followed by
the processing of the data collected during the third step. For space-saving
reasons, the results of all steps are presented jointly in the Appendix.

21 Step 1: Gap Analysis

We performed a gap analysis between the PMBPOK and the ICAO/USAF manu-
als to examine the extent to which the project management activity/knowledge
areas are referred in the civil and military standards considered in the study.

2.2 Step 2: Grouping

We grouped the project management activity/knowledge areas according
to the extent they were mentioned in the safety investigation standards by
applying the following criteria:
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Project Management Process Groups
Knowledge Areas Initiating P E Monitori Closing
Process Process Process and Controlling Process
Group Group Group Process Group Group
4. Project 4.1 Develop 4.2 Develop Project | 4.3 Direct and 4.4 Monitor and 4.6 Close Project
Integration Project Charter Management Plan | Manage Project Control Project or Phase
Management Work Work
4.5 Perform
Integrated Change
Control
5. Project Scope 5.1 Plan Scope 5.5 Validate Scope
Management Management 5.6 Control Scope
5.2 Collect
Requirements
5.3 Define Scope
5.4 Create WBS
6. Project Time 6.1 Plan Schedule 6.7 Control
Management Management Schedule
6.2 Define
Activities
6.3 Sequence
Activities
6.4 Estimate
Activity Resources
6.5 Estimate
Activity Durations
6.6 Develop
Schedule
7. Project Cost 7.1 Plan Cost 7.4 Control Costs
Management Management
7.2 Estimate Costs
7.3 Determine
Budget
8. Project 8.1 Plan Quality 8.2 Perform Quality | 8.3 Control Quality
Quality Management Assurance
Management
9. Project 9.1 Plan Human 9.2 Acquire Project
Human Resource Resource Team
Management Management 9.3 Develop Project
Team
9.4 Manage Project
Team
10. Project 10.1 Plan 10.2 Manage 10.3 Control
Communications Commt c i C i
Management Management
11. Project Risk 11.1 Plan Risk 11.6 Control Risks
Management Management
11.2 Identify Risks
11.3 Perform
Qualitative Risk
Analysis
11.4 Perform
Quantitative Risk
Analysis
11.5 Plan Risk
Responses
12. Project 12.1 Plan 12.2 Conduct 12.3 Control 12.4 Close
Procurement Py P its P
Management Management
13. Project 13.1 Identify 13.2 Plan 13.3 Manage 13.4 Control
Stakehold: jer Stakeholder
Management E it

Figure1 Project Management Process group and Knowledge Area Mapping (PMI, 2013)

o if a knowledge area was not included in the standards but was applica-

ble to safety investigations, it was considered without its subordinate

activities at tasks. The applicability was evaluated by two of the resear-
chers who are certified safety investigators.
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e if a knowledge area or activity was not referred to standards and was
irrelevant to safety investigations, it was not considered. The relevance
was evaluated through a peer-review between two of the authors who
are qualified safety investigators.

o if there was a reference to a project management knowledge area in the
standards, but there was an only limited reference to its corresponding
project management activities, we considered the main activities of the
particular area without referring to low-level project management tasks
and processes.

The specific step was performed through a peer-review process amongst
the researchers to ensure a fine balance between abstraction and detail and
concluded to a mutually exclusive and exhaustively inclusive list of 48 pro-
ject management items, as shown in the “Project management knowledge
area/activity” column of the Table in the Appendix along with their cor-
respondence with the ICAO and USAF standards used in this research (co-
lumns “ICAO reference and remarks” and “USAF reference and remarks).

2.3  Step 3: Questionnaire Survey

The goal of the survey was to collect information about the existence of pro-
ject management areas and activities in the safety investigation standards
used by the participants as well as the perceived current or potential use-
fulness of the specific areas and activities for safety investigations. The sur-
vey was targeted to qualified safety investigators from the civil and military
aviation domains. The first section of the questionnaire included demo-
graphic questions about the current affiliation of the participant with the
civil or military aviation sectors, the country in which the respondents have
been investigators mostly, the number of any type and class of safety inves-
tigations they have conducted, the level of their education apart from their
safety investigation training, the country they underwent the main part of
investigation training, and any project management training and educatio-
nal course they attended.

In the second section of the instrument, the 48 areas and activities of
project management from Step 2 were formulated in statements which
considered safety investigations as projects (see column “Statements” of
the Table in the Appendix). The participants were asked to state whether
each area or activity introduced in the statement was included or not in
the safety investigation standards they use. For each statement, the partici-
pants were also asked to rate in a 5-rate scale how useful the area or activity
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is or could be for investigation teams, and they were prompted to add any
other comments in a free-text field.

The initial online version of the instrument was reviewed and piloted
with the participation of three safety investigation experts with experience
in military and civil aviation. Based on the remarks of the reviewers, vari-
ous changes were made in the statements to increase simplicity and clarity.
Figure 2 depicts a screenshot with an example of the second section of the
questionnaire.

Isit described in the
investigation
standards/procedures you
use?

How useful is or could be for the investigation teams?

YES NO Useless Slightly useful Moderately useful Very useful Extremely useful

1. There is a document that
formally initiates an investigation
and authorises the investigator in
charge to use the available
resources to perform the
investigation.

YES NO Useless Slightly useful Moderately useful Very useful Extremely useful

2. There is a central document
(investigation plan) that
describes how an investigation
will be executed, monitored, and
controlled. It refers to the
management of scope, schedule,
cost, requirements, quality,
human resources,
communications, risks,
procurement, and stakeholders.
It is updated when required.

Figure 2 Example from the survey instrument

The researchers used their professional network (relevant bodies and
associations, personal contacts etc.) and social media, and performed a
snowball sampling to collect as many responses as possible. The survey
was launched through a dedicated web link which did not allow partici-
pants to fill the questionnaire more than once, and it remained available
online for three weeks. The researchers were not able to verify whether
the respondents met the criterion of being a qualified investigator, but
they contemplate that the length of the survey and the time needed to fill
it, which was about 30 minutes, would not appeal to persons who were
not interested in the field. Thus, to guard the survey process further, the
researchers used only fully completed questionnaires, resulting in 32 va-
lid answers. Table 1 shows the distribution of the sample across the demo-
graphic data which were grouped to allow the conduction of statistical
tests.

12 VOL.1,NO. 11,2018
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Table1 The survey’s sample

Demographic Data
Aviation Domain Region of Investigators Region of Investigators
Training

Civil 20 62,5% Europe 27 84,38% Europe 26 81,25%

Military 12 37,5%  Non-Europe 5 1562%  Non-Europe 6  16,75%

Level of Investigators Education Number of Investigations Any Level of Project
Management Knowledge

Professionals 7 21,87% 0-10 14 43,75% Yes 8 25%

Bachelorholders 4 12.5% 11-50 8 25% No 24 75%

Master holders 14 4375% Over 51 10 31,25%

Doctorate 7 2187%

24  Process of data
All data, apart from the comments, were processed with the SPSS 22 soft-
ware (IBM, 2013). The binary answers concerned (i.e. the inclusion or not
of a statement in the regional standards), we calculated the frequencies
and percentages for each statement in reference to the whole sample.
The usefulness score per statement was calculated as the median of the
responses. Taking into account the small sample and the use of ordinal
data, we performed the following non-parametric statistics, with a sta-
tistical significance level of a=0.05. It is clarified that where available,
to strengthen the validity of results we selected the Exact Significance
option of SPSS.

o Fisher’s Exact Tests for associations between nominal variables.

e Depending on the number of categories of the sample (Table 1), Kruskal-
Wallis or Mann-Whitney tests to examine associations of the usefulness
rates with the demographic characteristics.

e Spearman’s correlations to detect possible associations between the
usefulness rates and ordinal variables.

The qualitative data concerned, out of the 1536 possible comments
(i.e. 48 statements x 32 participants), only 98 were recorded. Those regarded
42 out of the 48 areas and activities addressed in the survey instrument,
but in most of cases, there was only one comment by a single partici-
pant. Also, 10 out of 13 investigators who stated a remark were from civil
aviation. Hence the researchers sought that the small and skewed sample
could not be subject to thematic analysis and lead to representative results.
Nonetheless, the main and common remarks made by the participants are
discussed in the results section below.

PLIOUTSIAS, KARANIKAS & TSELIOS 13
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3 Results

31  Project Management Areas/Activities in Regional Standards

The percentages of inclusion of project management areas and activities in

civil and military aviation investigation standards used by participants varied

between about 10% and 97% as shown in column “Frequency of presence
in regional investigation standards” of the Table in the Appendix. The ana-
lysis showed that safety investigation standards completely or partially fol-
low project management areas such as integration, scope, schedule, human
resources and procurement management. It is noted that only a partial and
high-level reference to cost and schedule management were found. This was
expected because the management of these two areas depends on factors
such as location/access, the magnitude of impacts, nature of unfolding fin-
dings etc. that render the planning of costs and time of investigations cum-
bersome. The PMBOK knowledge areas least mentioned in the investigation
standards were quality, risk and stakeholder management; only a very few
activities of communication management were detected in the standards.

The five most frequently existing statements were No 1, 8, 12, 27 and 46,
and the five statements with the least presence in investigation standards
were No 14, 16, 23, 24 and 44. A few statistically significant differences were
detected regarding the civil/military domain and the region. Fisher’s Exact
tests showed that:

e Statement 15. Military investigation standards refer to the minimum set
of equipment and tools required to perform an investigation more fre-
quently (87%) than civil aviation standards (36,8%) (p=0.033).

e Statement 24. Non-European investigation standards describe a proce-
dure to monitor each work package across all of its characteristics (e.g.,
scope, costs) more frequently (50%) than the European ones (8.0%)
(p=0.038)

e Statement 31. Standards outside Europe refer more frequently to a qua-
lity management plan to monitor and control the investigation require-
ments (83.3%) compared to European standards (28.0%) (p=0.022)

e Statement 41. Civil aviation standards refer to the maintenance of a regi-
stry for investigation risks in 47.4% of the cases, where this activity was
not included in the military investigation standards used by the partici-
pants (0.0%) (p=0.026).

e Statements 42 & 45. Military standards include more frequently the
mandate to submit formal change requests (75%) and update the inves-
tigation plan accordingly (75%) than these activities were mentioned by
civil aviation standards (25%) (p=0.033).

14 VOL.1,NO. 11,2018
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3.2  Usefulness
In the second part of the survey, participants rated 40 of the 48 areas as very
useful (median=4.0). The lowest median score for usefulness was 3.0 (i.e.
moderate usefulness) and concerned the statements No 14 (i.e. rewarding
and recognition of investigation team members), No 32 (i.e. planning and
control of investigation costs), No 33 (i.e. periodical reports for schedule
and cost performance) and No 44 (i.e. maintenance in a logbook of appro-
ved and rejected changes). Statements No 46 and 47 scored with a median
of 5.0 (i.e. extremely useful) and regarded the collection and maintenance
correspondingly of (1) all investigation data, files, reports, documents etc.,
and (2) all lessons learned from an investigation.

Spearman's correlations showed that the higher the educational level of
the participants, the higher the perceived usefulness of a quality management
plan (r=0.398, p=0.036) and maintenance of a logbook to record the approved
and rejected changes (r=0.470, p=0.015). The level of education was also asso-
ciated with the following statements, as indicated by the Kruskal-Wallis tests:
e Statements 29 & 43. Master’s degree holders thought as more useful to

have a process for the submission and acceptance of the intermediate

investigation deliverables as well as the approval of change requests,
with the doctoral degree holders perceiving the particular statements
as less useful (p=0.027 and p=0.018 respectively).

e Statement 44. The maintenance of a logbook with the approved and re-
jected changes seemed useful the most to participants with a doctorate
and useful the least to bachelor degree holders (p=0.035)

e Statement 46. Participants having only professional education deemed
that the collection and maintenance of all investigation-related data are
most useful whereas master degree holders valued the specific state-
ment to the least extent (p=0.048).

Mann-Whitney tests revealed the following statistically significant diffe-
rences regarding the region where the participants were trained in safety
investigations:

e Statements 6 & 9. Investigators trained in Europe sought as more useful
to document indicative or suggested methods and techniques for con-
ducting an investigation and define the human resources and competen-
cies to perform an investigation (p=0.003 and p=0.007 correspondingly)

e Statements 30 & 41. Investigators who were trained outside Europe vie-
wed the prioritization of the requirements of the investigation report
and intermediate deliverables, and the maintenance of a risk registry for
the investigation process as more useful (p=0.037 for both statements).

PLIOUTSIAS, KARANIKAS & TSELIOS 15
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The investigating experience concerned, Kruskal-Wallis tests showed a
marginal difference only for Statement 10, where participants belonging in
the middle group (i.e. 11-50 investigations experience) perceived the pro-
cess for acquiring additional human resources to support an investigation
as more useful than the other two groups (p=0.05). Also, investigators with
project management knowledge perceived the role of the Investigator in
Charge as team manager (i.e. Statement 12) as less useful compared to in-
vestigators without such knowledge (Mann-Whitney, p=0.05).

3.3 Qualitative Data

Statements 2, 6 and 12 gathered most of the comments made by the par-
ticipants. Regarding Statement 2 (i.e. the development of a central inves-
tigation plan with all the basic contents and characteristics of a project
management plan), is concerned about decreasing practicality and incre-
asing complexity were expressed along with positive views about the need
to introduce quality checks for the investigation as a process and make the
investigation manuals more explanatory.

The documentation of indicative or suggested methods and techniques
for the scope of an investigation (i.e. Statement 6) was negatively criticized
as compliance-oriented and impractical. The participants stated that the
use of investigative techniques depends on experience, the choice would
be too subjective, and only general methods should be described to avoid
continuous updates of the standards with new and amended methods and
techniques.

There was no negative reaction to Statement 12 which appoints the
Investigator in Charge (IIC) as human resources manager, especially for
the investigation team. The concerns recorded were about the indivi-
dual personality traits of the IIC and the negotiations needed with senior
management for the assignment of such a role to the IIC. In general, the
investigators who commented on the particular statement contemplated it
as very useful and referred to their own positive experience.

4 Discussion and Conclusions

Aviation safety investigations have characteristics similar to projects,
although to date this has not been evidently and explicitly mentioned
in investigation standards. The current research aimed at detecting the
differences between a project management standard and two safety in-
vestigation standards as a means to examine whether the latter could
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benefit from the former. The standards included in the study are deemed
as representative and the results presented in this paper can be indicative
of the current state regarding the differences detected. Cronbach's Alpha
reliability tests yielded 0.963 for the presence of the project management
areas and activities in the regional investigation standards and 0.884 for the
usefulness of the former for safety investigations. Therefore, the instrument
employed is deemed as reliable.

However, it is noticed that the sample size of this research does not allow
generalization of the findings. Also, this study was exploratory and descrip-
tive and not explanatory. Hence, on the one hand, the findings regarding
the statistically significant variations across the independent variables
could not be further explained from the perspective of the participants,
and, on the other hand, possible variations between in-company and pu-
blic investigations were not researched. Such variations are expected due
to differences in legal status, the investigators’ required competencies and
the available resources. This research focused on public investigations be-
cause the challenges met in their management are more due to the size of
the investigation teams, the involvement of various local and international
bodies and organisations, and, ultimately the plethora of stakeholders. A
recent example is the investigation of the MH-17 flight accident that occur-
red in Ukraine in 2014 where the Dutch Safety Board had to perform in a
strange, unfamiliar and hostile environment to collect evidence and facts
that could explain the event (Press, 2014; Milmo, 2014).

The results from the gap analysis suggested that the project manage-
ment areas and activities are not consistently mentioned in the safety in-
vestigation standards included in the research, and especially quality, risk,
communication and stakeholder management are underrepresented. This
finding was also confirmed at a regional level through the responses of the
survey participants. The analysis showed that the 48 project management
areas and activities included in the survey exist in regional safety investiga-
tion standards with percentages varying from 10% to 97%.

Notably, the vast majority of project management areas and activities
were perceived by the participants as “very useful” for safety investigation
teams. Based on the interpretation of the researchers, the positive rates indi-
cate that approaching an investigation as a project can benefit and improve
the investigation process and lead to increased quality of its intermediate and
final deliverables. Based on the areas and activities of project management
that were least mentioned in the standards, the authors contemplate that the
introduction of a basic quality management plan can support the monitoring
and improvement of the quality of the final report as well as the investigation
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process itself. Also, systematic risk management during investigations can in-
form decision making with the goal to protect the investigation process from
any unexpected situations and disturbances. Communications planning and
management might lead to a more effective flow of information not only
among the investigation team members but also from and to other interested
members or organizations and, in general, all stakeholders.

Based on the findings of this study, we believe that project manage-
ment training for investigators, even in fundamentals, would be of added
value. Such training would arm investigators with the necessary skills
and knowledge which together with their experience and technical skills
could support the management of complex situations and lead to effective
resolutions of problems. However, as the comments of the participants sug-
gested, any initiative to introduce project management principles as part of
safety investigations should not increase bureaucracy, but it should support
investigators in a way that can increase their effectiveness and performance.
The authors deem that an investigation management manual could be de-
veloped to be used by the IIC separately from the technical investigation
manual that describes tools, methods, techniques etc. However, these two
documents should be visibly linked to each other.

Following the findings of this study, international and regional bodies of
any industry sector can perform similar gap analyses and surveys to custo-
mize the inclusion of project management areas/activities in safety inves-
tigation standards. The few and occasional statistical associations detected
in this research cannot be seen as conclusive but can be indicative of possi-
ble factors that can affect the acceptance and realization of such initiatives.
Thus, we recommend the inclusion of demographic characteristics in any
future surveys and comparisons with the findings of this research.

Future research can examine whether the tools and techniques used
in project management are or could be embedded in safety investigation
training and vice versa. Expert judgment solicitation, peer-review mee-
tings, risk probability and impact assessments are just examples of tools
already used in investigations and being common to the ones employed in
project management. Lastly, it is pointed out that at the beginning of each
investigation, the scope, schedule, and cost, which constitute the baseline
of every project, cannot be immediately planned. The examination of the
event scene, the collection of factual data and the emerging of new infor-
mation are processes with undefined extent and duration. Thus, taking into
account that safety investigations are unfolding and dynamic processes, fu-
ture research could also look into investigations through the lenses of agile
project management.
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