
Because the two accidents to the B 737 MAX aircraft were caused by the 

simultaneous presence of heterogeneous elements that contributed to determining 

the events. 

by Dario Romagnoli1 

 

                                          "You will never find the truth if you are not willing                        

to accept even what you did not expect to find." 

Heraclitus. 

 

I recently had the opportunity to read an article2 on the alleged causes involving two B 737 

MAX aircraft, the flagship product of the U.S. aviation industry. 

The article, which seems to me to be more legal than technical, for the authoritativeness of 

its author who over the years has held important positions in both national and international 

aviation, certainly deserves reflections and some considerations. 

The Boeing 737 MAX had two catastrophic accidents, the first in Malaysia on 29 October 

2018, the second in Ethiopia on 10 March 2019. Both aircraft were completely destroyed 

causing the deaths of all 346 crew and passengers. After the second accident, the FAA 3 

with the Emergency Order of Prohibition4 of March 13, 2019, ordered the "grounding" until 

further notice of the aircraft model. 

The conditions in which the accident occurred are known and very similar to each other and 

highlight in both cases the activation of the pre-stall warning, the processing of erroneous 

AOA values sent to the ADC5, as well as the continuous trim Nose Down of the stabilizer, 

not controlled by the pilots. 

Both investigations carried out on accidents6 also highlighted some contributory factors 

which are undoubtedly indicative of the aeronautical realities of some developing countries 

and of the degraded operational management in which some airlines are forced, or decide 

 
1 Dario Romagnoli has acquired consolidated flight experience as a pilot and line commander in Alitalia. He 
subsequently held positions as flight inspector, Italian representative at the JAA in the AWO subgroup, 
chaired the ministerial commission for Malpensa 2000.  He held executive positions in ENAC and 
investigator at ANSV, aeronautical "expert" at EASA where he followed the formulation of Reg (EU) 996 for 
Italy. He currently coordinates the STASA Safety Department. 
2Silvano Manera, “La gestione della complessità” (Copyright TM-CHE ) www.centrostudistasa.eu 
3 FAA, Federal Aviation Administration - United States Department of Transportation. 
4’The Emergency Order of Prohibition, technically applies to all US operators or FAA certified, all other 
certification authorities have adopted similar measures. 
5 AOA, Angle of Attack; ADC, Air Data Computer 
6 KNKT Final Report.  Komite Nasional Keselamatan Transportasi Republic of Indonesia: Lion Mentari 
Airlines  Boeing 737-8 (MAX); PK-LQP Tanjung Karawang, West Java Republic of Indonesia  29 October 
2018.  
Ethiopian Ministry of Transport , Aircraft Accident Investigation Bureau , Aircraft Accident Investigation 
Preliminary Report: Ethiopian Airlines Group B737-8 (MAX) Registered ET-AVJ  28 NM South East of Addis 
Ababa, Bole International Airport ; March 10, 2019 . Report No. AI-01/19. 
 



to operate7. On this, it will be appropriate to return elsewhere, for the moment I would like to 

focus on the "visible" cause of the accidents. 

In both cases, an apparatus called MCAS8 is under scrutiny, whose function is outlined in 

the final report on the accident by the Indonesian KNKT. 

“MCAS is a function within the Speed Trim System which (only during manual piloting, ed.) 

when activated, moves the stabilizer during maneuvers with abnormal high angle of attack 

at low speed with retracted flaps, providing an appropriate increase in the gradient of effort 

on the stick reducing the tendency to nose up. " 

The Boeing manufacturer had not provided complete information, both for the users, about 

the presence and functionality of this device (present only on the MAX series of the B737 

ed.) to allow the training of pilots and technicians, and even more carelessly to the  US  FAA. 

 "The pilots' training should have helped to recognize abnormal situations and (consequent, 

ed.) actions. Boeing did not provide additional training information and specifications for the 

737-8 (MAX) as it believed conditions were similar to previous 737 models. " 

Boeing had therefore installed on the new MAX series an apparatus which for the first time 

in the history of aviation, in addition to having "Monitor" and "Warning" functions or even 

"Interruption" of incorrect pilot maneuvers, also had autonomous functionality of intervention 

on the drafting of the laws on flight controls. This happened without the main interested 

parties, the pilots, being aware of it! 

The insufficient consideration of Boeing on the possible implications of the use of the MCAS 

system and the lack of adequate information for the end users and fragmentary to the 

certifier, unfortunately are not the only ones in the series of problems that, in cascade, have 

been identified. For the intrinsic function of the MCAS, the FCC9 software and the 

intervention laws on flight controls in the logic with which it controls them, had also been 

modified. 

Thinking about the two accidents and the ways in which they developed, I often asked myself 

if an experienced and trained crew (not obviously in the specific emergency), belonging from 

an efficient airline, would they have managed to get out of it? 

With all the "if" and "but" and obligation, with due respect for the sacrifice of colleagues 

without any arrogance, I came up with the idea that the emergency could be resolved within 

the professional resources of an airline pilot.  

The emergency was "tricky" but carefully evaluating how the events unfolded (this is what 

the DCVR10 recordings testify) the unequal fight that the pilots engaged to "keep in the air" 

the aircraft while a "mysterious hand" made them more and more sinking to the terrain, it 

could be solved with the activation of the Trim Cut Out switches, a maneuver that  they 

should have known to as professional airline pilot. Maneuver, moreover successfully 

 
7 Inter alia: KNKT Report findings from no.38 to no.61, ICAO USOAP reports. The Aviation Herald 11 Oct 
2019:” FAA (…) listing more than 60 findings identifying a systemic failure of the whole quality management 
and training management systems…” 
8 MCAS, Maneuvering Characteristics Augmentation System. 
9 FCC, Flight Control Computer. 
10 DCVR, Digital Cockpit Voice Recorder. 
 



implemented by the Lyon Air crew of the previous flight to that of the accident, which had 

suffered the same failure. 

According to Boeing, the practical effects of an anomalous MCAS intervention could be 

counteracted with the use of the electric trim (which prevails over the MCAS) and the 

symptoms being the same as those of a "Runaway Stabilizer" coded failure, as such had to 

be managed. 

The author of the article identifies two main flaws, one of the project, the other of certification. 

The first can be summarized as follows: “The B 737 project is 50 years old, has undergone 

too many variations and updates that have distorted its original conception, not taking into 

consideration the possible and unknown interactions between the various subsequent 

components installed during its evolution ". 

If indeed the B 737 has had significant changes over the years, it must however be agreed 

that this, rather than being a defect, confirms the viability of a project that has shown after 

50 years, that it can adapt to technological innovations and market needs. Vitality that few 

similar projects can boast. 

In the aeronautical field, the progressive adaptation of projects with the introduction of even 

greater changes is a widespread current practice. For example, a highly successful plane, 

the DC9, whose production lasted 41 years, had between modifications and variations 

around 23 different versions11. The French Airbus A 300 versions have produced forty, 

starting from the A300 B1 with analog instrumentation and crew of 2 pilots + Flight engineer, 

to get to the "600" version with digital glass cockpit instrumentation and crew with 2 pilots 

without flight engineer12. 

The problem therefore is not "if", but "how" the changes are introduced. 

The B737 in all its versions and variants has always flown with excellent "records" of safety 

and reliability, passing the finite element structural analysis, FEM (Finite Element Method). 

The same NG versions substantially the same as the MAX ones, did not have any particular 

drawbacks. 

The installation of a different engine, the LEAP 1B to replace the CFM 56 (with what it 

entailed) is not in itself a sufficient reason to say that the 737 MAX project has exhausted its 

potentiality. The problem was essentially a non-technical one. 

The Boeing commercial department was pressing to hasten the certification, they wanted to 

present the B 737 MAX as a variant that for the achievement of the pilot rating did not require 

 
11 DC-9-11, DC-9-12, DC-9-13, DC-9-14, DC-9-15, DC-9-15F, DC-9-21, DC-9-31, DC-9-32, DC-9-32 (VC-

9C), DC-9-32F, DC-9-32F (C-9A, C-9B), DC-9-33F, DC-9-34, DC-9-34F, DC-9-41, DC-9-51, DC-9-81 (MD-

81), DC-9-82 (MD-82), DC-9-83 (MD-83), DC-9-87 (MD-87) MD-88, MD-90-30, 717-200  

12 A300 B1 A300 B2-1A A300 B2-1C A300 B2K-3C A300 B2-202 A300 B2-203 A300 B2-320 A300 B4-2C 

A300 B4-102 A300 B4-103 A300 B4-120 A300 B4-203 A300 B4-220 A300 C4-203 A300 F4-203 A310-203 

A310-221 A310-222 A310-204 A310-203C A310-322 A310-304 A310-324 A310-308 A310-325 A300 B4-620 

A300 B4-601 A300 B4-603 A300 B4-622 A300 C4-620 A300 B4-605R A300 B4-622R A300 F4-605R A300 

F4-622R A300 C4-605R variant F 

 



training even "for differences", the salesperson had to fulfill the thousands of orders received 

from all over the world and the technicians have adapted. 

"They gambled, we lost!" Was the bitter comment of a family member of a victim 

understandably helpless and desperate in the face of the complexity of identifying those 

responsible for the fatal accidents. 

However, the most competent observers understand that summary and in-depth analyzes, 

made on the emotional wave of events, do not do justice and, more importantly, clarity on 

what really happened. 

In this regard, it is extremely interesting to report some passages from the "Safety 

Recommendation Report" prepared by the American NTSB13 entitled: 

"Assumptions Used in the Safety Assessment Process and the Effects of Multiple Alerts and 

Indications on Pilot Performance" (Assumptions used in the safety verification process and 

on the effects of multiple warnings and indications on the performance of the pilots). 

"(...) the NTSB concludes that Boeing in using the assumptions in its verification of the 

functional risk of the unauthorized activation of the MCAS of the 737 MAX, has not 

considered and adequately taken into account the impact that multiple warnings and 

indications in the cockpit can have on pilots' reaction in response to danger. ” 

"In addition, the FAA directives allow these assumptions to be used in the analysis of 

certification of category-transport aircraft without providing the applicants (the certification, 

ed.) with clear directives:" 

"Since the FAA routinely harmonizes standards and directives (for Certification, ed.) with 

other international regulators that issue certificates by type of aircraft category - transport, 

the NTSB reports that these aircraft could have been designed using similar standards and 

consequently could be impacted by them issues. The NTSB therefore recommends that the 

FAA notify the other international regulators that certify aircraft designs by type category-

transportation transport (e.g. EASA of the European Union, Transport Canada, the Civil 

Aviation Agency of Brazil, the Civil Aviation Administration of China and the Air Transport 

Agency of the Russian Federation), the recommendation A-19-1114 and urge them to assess 

their importance in their (Certification,ed.) processes by introducing changes if necessary.”   

Therefore: a) Boeing in the MCAS certification process followed the standards and directives 

issued by the FAA and b) the same standards and directives could have been used by all 

other countries. In short, they are all in it "up to the neck". 

The problem associated with multiple and contrasting warnings (luminous, tactile and 

audible) which in the presence of certain failures are activated simultaneously in the cockpit 

 
13 NTSB,National Transport, Safety Board. 
14 (A-19-11) Recommendations to the Federal Aviation Administration. .Require that for all other US type-

certificated transport-category airplanes, manufacturers (1) ensure that system safety assessments for which 

they assumed immediate and appropriate pilot corrective actions in response to uncommanded flight control 

inputs consider the effect of all possible flight deck alerts and indications on pilot recognition and response; 

and (2) incorporate design enhancements (including flight deck alerts and indications), pilot procedures, 

and/or training requirements, where needed, to minimize the potential for and safety impact of pilot actions 

that are inconsistent with manufacturer assumptions. 

 



and which are disorienting because they "darken"15, it fully recalls16 what the pilots have 

tragically experienced during the fatal flight of the Airbus A330 AF 44717 that sank into the 

Atlantic ocean on 1 June 2009. 

If we actually want to understand, we must also look elsewhere and in depth. 

The second flaw highlighted by the author of the article is a "it is said": "The belief of many 

is that over the years there has been a progressive enslavement of the state to the needs 

of industry with the simultaneous loss of the long-term vision; the one that should 

characterize a country that wants to maintain international leadership.18 " 

Such an undoubtedly serious statement raises questions that imply, in addition to penalties, 

serious moral responsibilities: "Does the certification of the product by the certifying body, 

which certifies its compliance with the regulations, release the manufacturer from liability? 

And also: "The certification consists in examining the product “as is” or can the checks and 

tests be replaced by appropriate documentation provided by the same manufacturer? How 

far should the certification tests extend? " 

FAA Administrator Stephen Dickson during his hearing before the US Senate Investigation 

Commission admitted: "The maker made mistakes; the FAA also made mistakes in the 

maker's surveillance. Boeing provided the Agency with incomplete and fragmented 

information. " 

However, what no one has raised so far is a question related to the vision that has 

progressively established itself on the current and future way of conceiving the aviation 2.0 

system and which affects all stakeholders. 

The question we all should ask ourselves is whether certification bodies like FAA or EASA 

have the resources and expertise to oversee industrial giants the size of Boeing or Airbus 

who have stratospheric budgets. For example, Boeing had a revenue of more than 75 billion 

dollars in 2019, more or less corresponding to the GDP of a medium-sized state, such as 

Croatia. Airbus employs about 56,000 employees, the number of inhabitants of a small town, 

a giant compared to the EASA pygmy whose employees are about 900 and only a fraction 

of these are in charge of product certification. 

The implicit answer to the previous question is that the FAA has promoted a JATR19 

commission together with some states, to try to understand how things are, on the accidents 

of the B 737 MAX, and to involve the main users, has chartered  Hart Solutions, a private 

limited liability company whose president is Cristophere Hart, that has been for 15 years the 

FAA Safety Regulator and for 12 years in the NTSB of which he was also president.20 

 
15 For example, the noise produced by the Stick Shaker could cover the audible alarm of the continuous 
movement of the stabilizer 
16 See: Recommandations de securité - BEA  Rapport final Ministère de l’Ecologie, du Développement 
durable et de l’Energie, Accident survenu le 1er juin 2009 à l’Airbus A330-203 immatriculé F-GZCP exploité 
par Air France vol AF 447 Rio de Janeiro – Paris. 
17 https://www.bea.aero/fileadmin/documents/docspa/2009/f-cp090601/pdf/f-cp090601.pdf 
18 Manera: “La gestione della complessità”, ibid. 
19 JATR, Joint Authorities Technical Review. 
20 “June 1, 2019, Dear Mr. Bahrami, you chartered the Boeing 737 MAX Flight Control System Joint 
Authorities Technical Review (JATR), consisting of technical representatives from the FAA, National 
Aeronautics and Space Administration (NASA), and civil aviation authorities from Australia, Brazil, Canada, 
China, Europe, Indonesia, Japan, Singapore, and the United Arab Emirates. The members of the JATR team 



The practice of mutual recognition of aeronautical product certifications, economically 

rational, is a consolidated practice that allows for example EASA, on the basis of multi-lateral 

agreements, to automatically recognize the certification to Brazilian products, such as 

Canadian or United States ones.  

As if that were not enough, with the exponential rise of the presence of electronic devices 

on board the aircraft and the need of software for their operation, the practical impossibility 

of verifying their congruity is highlighted.21 

These software programs are normally outsourced to companies such as the Indian HCL 

Technologies Ltd. which also to reduce costs, uses temporary staff who work for $ 9 an 

hour, without having experience in the aeronautical field.22  

Simon Hradecky a highly authoritative expert, already years ago in unsuspected times, 

criticized some aeronautical software23 "I know the source codes of software in use on real 

aircraft. I am shocked by these source codes which essentially consist no more than large, 

deeply nested decision-making trees: "if the input is this, or if the input is this other, or again 

this, ... then the answer it must be this. "Thousands and thousands of instruction lines nested 

deeply. It is easy to predict that in these big decision trees, a specific condition has been 

omitted and not checked and that later it can become fatal to the crew. During my 

professional experience as a software developer, (I can say that, ed.) these decision trees 

represent the admission that the developer (analysts, mathematicians, programmers and 

verifiers), have no knowledge of the subject and that they program based exclusively on the 

indicators provided by the customer. " 

The real problem is that a computer program, cannot be fully verified and guaranteed error-

proof. "The program test can be used to demonstrate the presence of malfunctions, not to 

demonstrate their absence." This statement by Edsger Dikjastra24 is the synthesis of the 

limits that has a software test, since the correct functioning of the application in a finite 

number of cases does not guarantee its correctness in general. The programmer is morally 

alone in front of the assigned task and only his competence, in-depth knowledge of "what" 

the program must serve and his professionalism, are the barriers available for having reliable 

programs. 

In the impossibility of extending capillary controls on projects, products, organizations or 

staff, the verifications have shifted to the processes, assigning responsibility for the 

conformity of the products to the same subjects involved. 

Despite this, the same investigations into aeronautical accidents continue to be focused on 

the product or crew rather than on the organization that built or trained it. 

 
wish to thank you for the opportunity to conduct this review and to share our observations and findings. (The 
letter from Hart to Bahrami, FAA's Associate Administrator for Aviation Safety. )  
21 KNKT Report, Ibid. Finding no. 64. The lack of an AOA DISAGREE message did not match the Boeing 
system description that was the basis for certifying the aircraft design. The software not having the intended 
functionality was not detected by Boeing nor the FAA during development and certification of the 737-8 MAX 
before the aircraft had entered service. 
22 Business Insider: Rachel Premaeck, July 2 2019. 
23 The Aviation Herald: Simon Hradecky, interwiewed by Roman Payer for Austrian Aviation. Net 
24 Edsger Wybe Dijkstra (Rotterdam, May 11 1930 – Nuenen, August 6 2002) a Dutch computer scientist. 



The world of aviation has now become globally a self-reference system that has come a 

long way since its inception, boasting that it is the most (hyper) regulated sector but probably 

over time, less "really" controlled. 

This approach to the problem of how to effectively manage a system with high technological 

and specialist contents which by definition moves continuously, using products resulting 

from globalization, has not yet been resolved; indeed it has been resolved by relying on self-

certifications, or statements such as that of "Just culture". 

Despite the hopes that "high-risk" workplaces have placed in this new way of approaching 

the safety problems that favor prevention, responsible awareness and mutual trust, rather 

than the "hunt for the guilty"25, it is necessary admit that putting into practice the principles 

of a Just culture is much more complicated than expected and above all it is complicated to 

"transit" it from literature to concrete behavior. 

 "From paper to implementation", it could be the dominant theme on safety factors for the 

next decade. I often wonder, (without being able to give me an unequivocal answer), what 

sense does it make to continue developing new theories and studies on behavioral models 

in high-risk activities, if those few we know are not yet fully used. 

 

  

 
25 J. Reason described a “Just Culture” as an atmosphere of trust in which people are encouraged, and even 
rewarded, for providing essential safety-related information, but in which they are also clear about where the 
line must be drawn between acceptable and unacceptable behavior.” 


