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Abstract: This report discusses the role of communication feedback 
during product development. Three case studies are detailed to identify the 
reasons why feedback failed and what the consequences of that failure have 
been. The cases are Three Mile Island, Ford Pinto, and the space shuttle 
Challenger. 
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Executive Summary 

This paper will discuss the role of negative feedback communication during product 

development. Three case studies were studied in detail to identify the reasons why negative 

feedback communication failed and the consequences of tbe failure. A common set of failures 

in negative feedback communication were compiled from the three case studies. Each type of 

failure was discussed as far as the root cause o f the failure. and what possible changes could be 

made to either eliminate the source of the failure or greatly reduce the risk of failure. 

The tbree case studies were: 

Ford Pinto 

Space Shuttle Challenger 

Three Mile Island 

A literature search was done for each case study. Journals, pe riodicals, magazines and 

books were consulted for information. Specific rom causes as to why the nega tive feedback 

communication failed co result in corrective action were identified. 1he root causes were 

groured into three generic failures as a result of round table discu%ions involving each of the 

authors. The three major reasons for failure in negative foedback communication that were 

identified were: 

• Psychological 8<1rricrs: Compromise of personal e thics. This includes the 

personality differences in individuals, and the emotions that individuals exhibit. 

• Sociological Barriers: The attitudes. beliefs. values and ethics of the upper 

management (;ilso known as mindset). Corporme ambience and climate are the 

melting pot of the auitudes. beliefs, va lues ;ind ethics of manageme11t. The 

imponance of goals and objectives also contribute to the mindset of the 

organiza tion. 

• tv!ecbanic;il Barriers: The organizational structure of the company. This includes 

the lack of a negati,·e feedback communicntion channel or ao defined 

responsibility with management. 

After identifying the three m~jor root causes of failure in negiitive feedback 

comrnunication, the paper discussed recommendations to reduce the risk of the failure or 

elimina1e the cause of the failu re. 
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The single most significant bnrrier to negative feedback which requires constant self 

inspection by management is the mindset ''•thin the organization. The minds<:<! of the 

o rganization caa be dictated by the personal ethics, altitudes, beliefs and ,-;Jue.< of upper 

management and can ba'e either a posau,·e or negative effect on the org~niza1ion. 

~lanagemem must always strive 10 ensure that the organizational mindset has a positi,·e effect. 
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lntroduc1ion 

How could a company kno"ingly market a dangerous prod11ct? Hov. could an 

organization rccogniLe the potential for disaster, yet proceed as usutt l? How could an industry, 

aware of its own hnards. disreg~1 rd previous warning signs? These arc the scenarios which 

actually occurred with the Ford Pinto. tbe Space Shuttle Challenger, and Three t\'lile l~lanu. 

What went wrong? Our h"tOI') is full of events such as these which probably could have been 

prevented. 

The common element 1n these cases is the lack of effective negative feedback 

communication. The communkation cycle. in itS simplest form, can be described ;L~ a loop. 

which al any given time indudes " sender and a receiver. ~ega1ive feedback communication is 

the receiver's attempt to akrt the sender of a potential problem with previously communica1ed 

informi11it1n, and in doing so, affect a positive response. For effective communication, the 

negative foc:dback information must induce com:c1ive action. 

The purpose of this \tmly was to e'plore whv negati"e feedback is often ur\ucce,\ful at 

obtaining a remedia l re~ponse, ~nd to make ri:commendations based on the undc:rs1and1ng ot 

the causc:!s. This study bridges "'!''era! disciplines, including communications. person.i i <1 n<J 

organiLational ethics. and "hi:.tle-blowing. 

The catast rophic con,equences of tbe Ford Pinto, the Space Shut1le Challeni;er, .ind the 

accident ill Three :-.me: bl.md were chosen fo1 exllmination. Each case study includes a 

definition of the design problem. 3 description of the events surro unding the prohlt:m. anJ an 

analysis of the communic.ition between engineering and managemenl. The "ide 'ananc<! of 

oq;anizational types and produ.:is illus1Ca1es the universal nature of 1hc: problem and allows us 

to compare and con1ra~1 the c;iu,es and 10 arrive at generic recomm.:ndations. 
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The FORD Pinto Case 

Since its introduction in 1970 until the 1976 model year the FORD Pinto had a 

dange rous tende ncy to burst into flames when struck from the rear. The following is a brief 

description of the design that caused this problem and a description of the sequence of events 

surrounding the Pinto. 

FORD Pinto Des ign Flaws 

TI1e design of the Pinto contained several serious problems, mostly relating to the 

position of the fuel rnn k. TI1e fuel tank was positioned approximately six inches behind the 

rear bumper, below the trunk. A major problem with this design was that the fuel tan k was 

located in the 'crush zone'. The crush zone is the portion of the car that is supposed to be 

crushed on impact, providing a shock absorption effect. The reason for using a crush zone is 

to reduce the number and severity of serious injuries. such as "hipl~sh. 10 the p<1ssengers of the 

vehicle. Crushing the fuel tank may cause it to burst from hydra ulic pressure. t\ second major 

problem with the fuel tan k positioning was that the ends of 'harp axle b0lts were located 

sever:1l inches in fro nt of the fuel tank. ln a rear end collision, the fuel t<lnk could easily be 

sho,,e<l forward and he punctured by these bolts. Finally, the fuel filkr tube. which was 

inserted in, yet not attached to the fuel tank, could pull out quite e<l>il~ if the tank were 

shoved forward during an impact. This allowed fuel to spill from the tank into other areas of 

the vehicle. Another indirectly related problem involved its windshield. In July of 1970, the 

first Pintu prototype was teMed to comply with Federal Motor Vehicle Sai'<!ty StandMd #212 -

Windshield Retention . The windshield continually failed . 

s~q 11 ence of Events 

FORD warHed 10 quickly market an automobile that would compete " ·i th foreign and 

domestic subcompacts. Their plan was to have a sport~· subcompact "eighing le's than 2,000 

rounds and costing less tha n $2.000. The appearance. price, and weight \\ere froten very early 

in the development cycle. Therefore, the usual give and take bet"een styling and engineering 

foasibili1y was disrupted. Additionally, top management pressured the de,ign team to produce 

this 3ulumobile as quickly as possible. 
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After reviewing 1he design, several of lhe engineers voiced •heir concerns about the 

vuln<!rabilily of the fuel tank in the evem of a collision. They sugges1ed that the fuel tank be 

moved to a safer position, such as straddling the rear axle. This moves the fuel tank out of the 

crush zone and puts it in a posiLion where it is pro tected by the chassis (the FORD Capri uses 

this design). After revie"~ng the proposed change. top management decided that pre,iously 

stated design constraints would remain intact. 

In 1970, evidence of the seriousness of the problem ca n1e from FORD's inte rnal testing. 

The type of testing that is most imponam to this case involves backing the vehicle into a fixed 

wall at various speeds to determine fuel loss if/when the tank is da maged. Crashing into a fixed 

wall a t 30 mph is approximately equivalenl to a rea r end collision with an impact speed of 45 

mph. FORD·s testing showed that 1he Pinto was clearly inferior to 311 othe r tested vehicles 

with respect to fuel tank integrity. Ta one set of tesrs. a Capri was modified to have irs fuel 

ta nk posilioned similar to that of the Pinto (in the rear of the car, immediately behind the 

bumpe r). When tested. the Capri suffered similar damage to the fuel tank. This clearly 

demonstrated the danger of positioning the Pinto's fuel tank in the crush zone. Similar tests 

done (with the fuel tank moved 10 the 'crush zone ') with other makes of automobiles showed 

lhe same problem. It should be noted thal the standard Capri was able lo withstand lhe mos t 

stringent tests with linle or no fuel leakage. Unquestionably, FORD was capable of building a 

car with a fue l ta nk that would stand up to lhe rigors of rear end collisions. At the same time. 

tests im·olving wind~hield retention were also failing. 

Gcnt!rall)', after such failu res, a complete engineering analy>is of all r~>ults determines a 

necessary course of action. However, in the case of the Pinto, the vehicle "hich would 'meet 

the challenge' of foreign competition, the analysis was squelched. The tooling for production 

had already been completed and the production schedule had been set. Management decided 

that the Pinto would be certified at all cosrs. Unfortunaidy. these in,tructions from FORD 

management disallowed any sub;ianiial structural design changes and refused any considerat ion 

of re medies which would increase COSlS. 

In 197[, the Federal government proposed making 1d l new tiu tomobiles pass a rear end 

crash test. This law would have been phased in over two years, "ith more stringent 

requirements coming in the second year. Tbe requirements would have been far too slringent 

for the Pio to to pass. 
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fORD's reaction to the proposed legislation was twofold. First, they and several other 

major automobile manufac turers banded togethe r to lobby against the proposed legislation. 

Second, FORD designated a task force to look in to the problems \\~th the Pin to fuel tank and 

propose some solu tions in the event that the legislation passed. 

The lobbying cffons were very successful, managing to push off the proposed law by 

more than four years. When the law did pass, the standards had bee n substantially reduced. 

FOR D's task force was able to make a large number of suggestions that would have 

increased the relative safety of the vehicle. (The prices, where indicated, are per vehicle.) 

Move tank and install sheet metal barrier. $9.95. 

Put a strong rubber bladder inside fuel tank, $6.00 

Use ·tank in a tank· construction, with polyurethane liner. SS.OS 

Use a nylon shidd to protect the fuel tank. SO.-l4 

Smoothing axle to remo,·e sharp protrusions, SJ .10 

Reposition ing spare tire to absorb some of the impact energy, nJa 

Add body raiis to strengthen rear end, $2.40 

A ttached tank end of fuel fille r pipe. n1a 

FORD management decided that no gas cank improvements would be made until they 

were "required by law". Consequently, no design <:hanges were made to allc~viate fuel ta nk 

problems. Since there were standards in place concerning windshield safety. FORD was forced 

to address this problem. The final solution fl/tempt im·olved rechanncling some of the resulting 

impact e nergy away from the windshidd through th<:: drive shaft to the differen tial housing and 

the gas tank. To October of 1971, 5 of 7 "indi.hield aash tests failed. The l\\O successes were 

reported as indicat ive of the Pinto·s windshield rdiability. The Pinto windshield was finally 

certified. In 1972. Pinto collisions resulting in g;ts tank explosions could, in part. be directly 

related to the rechanneling of impact energy to the gas t.1nk. 

Simultaneous to the introduction of the Pinto. FORD auempted to justify (to 

themselves) their position of not modifying the Pinto gas tank design. To do this. FORD 

pressured the National Highway Trnffic Safety Administration to provide a dollar amount for 
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loss of human life and suffering. Taking lhis information, along with ils own, FORD produced 

a cost/benefit analysis for implementing fud tank S?.fety features into its cars and light trucks. 

Based on the following figures, FORD determined the benefits of adding safety features 

to the fuel tank to be $49.5 million (based on 180 accidents per year). 

Human life, $200.000 x 180 incidents 

Serious bum injuries, $6 7,000 x 180 incidents 

Destroyed vehicle, $700 x 180 incidents 

Based on a cosl of $1 l per \'ehicle. FORD determined the cost of implementing the 

safety features to be $137 million. 

It was thus condudcd lhat it was not .:ost efficient to add an S l l part to each car to 

prevent 180 burn deaths and 180 serious burn injuries per yea r. 

lo 1973, when problems with the Pinm were becoming apparent tbrough highly 

publicized coun c<ises. one of the design engineers responsible for the Pinto's windshield testing 

felt compelled to confront management. Frank Camps began with several leners to 

management explaining the actions "hich had taken place during lesting. He wrote about 

known violations of federal law, unethical deci;ions made by management in suppressing 

information, and the restrictions put on engineering. Management's only response was A 

downgrading in the appr<1isa l of his performan.:e. 

During 1974. Frank C;1mps continued on his crusade to inform management by initialing 

several meetings with the purpose of resoh·ing these problems. In December, he was removed 

from engineering testing to positions unrelaled to any compliance with federal standards. 

More meetings and l~tters follo"ed in 1975 and early 1976. rn mid 1976, in the wake 

of several allegations against some prominent American companies. llenry Ford 11 issued lhe 

"Standards of Corporate Conduct" policy. The policy staled that: 1:oncerns about illegal or 

unethical acts within the company should be '1rought to the attention of the Office of General 

Counsel. 

Negaii1·e Feedback .9. EAS 541 



An elared Frank Camps responded to this statement with a letter to the Office of 

Gener;il Counsel in June 1976, 

... I "ish to once again voice my views regarding questionable decisions io 
Federal Mawr Vehicle Safety Standards compliance made ... (during the early 
1970's). T suggest that during the past three }'ears, while endeavoring to bring 
these irregula rities to the attention of upper management, I have been misled 
and misinformed by my super-·isors... r am shocked at the deceit and 
intimidation used to abort any rea l attempt to objectively review the facts which 
are clearly supported hy existing corporate records ... 

During the next sLx momhs. several meetings were scheduled and subsequently cancelled. 

In Februal)' 1977, o ne final letter to the general counsel's office resulted in a promise of action 

(as far as a meeting was concerned). Nothing followed. 

Finally, in 1978, FORD was forced by the federal government lO recall the Pinto. 

FORD began tbe task of recalling 1.5 million automobiles lo make them less vulnemble to fuel 

tank damage. IL is interesting to note that FORD did not send ou t any advance warning that 

Lhe recall was lmminem, citing public relations issues. They felt that their customers would be 

very angl)' if pans were not immediately available. Had FORD informed the public 

immediately instead of waiting for the recall kiL~ to be complete, several dt:aths might have 

been prevented. For the 1979 model year, FORD permitted design changes to the Pinto that 

would allow it to consistently pa;s the windshield tests. 
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Am1lysis of Communit:ilions 

The mitial design review pcesented to management by engcneering brought oul several 

potential hazards, yet rnanagemeru could not effectively disseminate the informa1ion. The 

competitive na1u re of the automoti,•e industry forced Ford's managemem imo a reactionary 

mode. In order to mai ntain and/or increase market share and therefore profits, Ford 

recognized an urgency to compete with foreign auto makers. They were de termined to produce 

THIS vehicle wilh the previously stated design criteria. The climate within Ford would no! 

allow compromise; in order 10 compete, •it had to be done this way". 

All test results reported by engineering were absolutely conclusive in demonstrating the 

serious nature of the prohlems with Pinto gas tank. Ford's management clearly received all test 

information and was aware that reposi tioning the gas tank would make the vehicle safer. 

However, management·s per~eption was that the fuel tank problems were not significant. They 

had become very norruw minded in their quest to compete and were not receptive to negative 

input. The acknowledgement of the possible existence of design flaws would ha,·e destroyed 

the mindset. 

Ford hacJ ~et up a system for providing solutions LO potential design problems. 

However, maoagemeat h,1cJ predetermined tha t the design was final and therefore began 10 

prepare fo r production. Consequently. the usual analysis of test results was forgone. 

Management overruled the engineers· concerns and continued with the production schedule. 

Their decision tn continue ""s based primarily on their desire to produce the vehicle a~ quickly 

and cheaply as possible. Redesign would requi re re tooling, thus increasing cosl~ and delaying 

produc1ion. 

In the case of the fuel tan~. Ford's manageme nt decided to proce.ed with the original 

design . TI1eir reasoning was th;n federal standards for fuel systems did not exist. However, 

there were Standards for windshteld retention which Ford could not ignore. Management chose 

to address this problem by $Ckctive reporting to the government. Again, they were driven by 

the cost and time fac1or~. 

The cost/benefit analysis performed by Ford shows their a"areness of the problem and 

exemplifies their single.minded drive for profits. Interestingly, they did not conside r the 

potential loss of sales due to public disdain for the basis o f their decision. 
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Frank Camps unsuccessfully auempted to make Ford management acknowledge and take 

responsibility for previous decisions regarding windshield standards. Undoubtedly, Ford was in a 

precarious situation. Taking responsibility meant admitting fraud to the Federal Government. 

Not only would their already suffering reputation be tarnished further, but there undoubtedly 

would have been action taken by the government. 

Frank Camps was unable to receive any action from Ford management even by 

following the procedures set forth in the "Standards of O:>rporatc: Conduct" policy. Apparently, 

the policy was merely a public relations ploy. Providing policies of this nature give both 

consumer and the employee the impression that the company is nm concerned solely with 

profits. 
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Conclusion 

In the case of the Ford Pinto, channels existed for effec1ive communication to top 

management, and all esseotial interna l communication did take place. This is an example of an 

organization which became driven by profits to the exclusion of ethical considerations. The 

question remains: Wha t, if anything, could have allered this seque nce of e"ents? 

First, and foremost, would have been Ford's genuine commitment to public safety, as 

well as profits. Ford had a system in place which would have worked if management had used 

it. In this situation, the engineers· design concerns were overruled by management's dollar 

concerns. 

What about 1be responsihili1ies of the design engioeers'I 

Thl!re are many avenues that the engineers could and perhaps should haw taken. 

• Notifying the government. 

• Professional Engineering Organizations. 

• Community Organizations/Newspaper. 

Since tha1 1ime. the go"ernment has implemented safety standards requiring safer design 

of fuel tanks. Ho"ever. as shown in Ford's handling of the federa l windshield >tandards. this 

"ol:-staclc" can be overcome. There is also the possibility of more regulated enforcement of 

vehicle safety standards. Yet, this may not remedy the ptoblem either. 
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The Space Shuule Challenger Disaster Case 

ll1e following case study will discuss the design problem and sequence of events relati ng 

to the Space Shuule Challenger Disaster that occurred on January 28, 1986. 

The Design Problem 

The Space Shuule·s Solid Rocket Booster (SRB), produced by '.vlorton Thiokol, had a 

major design problem in the field joint. A field joint is a location in the SRB where sections 

of the SRB are joined together. The joints have a tang which fits into a Y-shaped clevis (See 

Figure 1). The joints are sea led by two rubber 0-rings which are installed during the assembly 

of the SRB. 

Zinc chromate putty is used as a thermal barrier to prevent direct contact of combustion 

gas with the 0-rings. The 0-rings themselves were designed to actu<He and seal the gap 

between the tang and clevis "hen the putty is displaced during the ignition transient. If the 

0 -rings do not actuate and seal during the ignition transient. then the rocket's combustion gases 

will blow-by the 0-rings and damage or destroy the seal. 

The joint sealing pt-rformance is sensitive to the following factors: 

1) Damage lo joints/seals as they are assembled 

2) Tang/clevis gap opening due to motor pressure 

3) Static 0 -ring compression 

4) Joint temperature 

5) Putty performance 

Because of the low temperature of the field joint at launch. the 0-rings resiliency was 

seriously degraded, causing the 0-rings not lO actuate and seal during the ignition transient. As 

a consequence, hot gases escaped past the 0-nngs and leaked out the aft field Joint. This 

combustion gas leak penetrated the External Taok and initiated the structural breakup and 

destruction of the Space Shuttle Challenger duri ng STS Mission 51-L. 
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Seq11enc• of Events 

The inherent unreliable design of the solid rocket boosters field joint were known 10 ihe 

Marshall Space Ce11ter engineers in 1977. For three years, engineers in Marshall's Solid Rcx:kc1 

Booster Project wrote memoranda to the Project Manager, George Hardy. strongly suggesting 

that the current Thiokol field joint design was unacceprable. One memo wriuen in 1978 by 

Marshall's Chief of the Solid Rocket Motor branch indicated that the design was so hazardous 

that it could produce "hot gas leaks and resulting ca1astrophic fa ilure". 

These memos were not forwarded 10 Monon Thiokol. The alarming concerns of 

knowledgeable Marshall engineers did 001 resull in a redesign of the Solid Rocket Booster field 

joint before flights began. In September 1980, 1he Shullle Verification and Certification 

Comminee recommended that the SRB field joims be accepted for flight. 

A change in the reporting requireme::nts was initiated by Glynn Lundo::y, Level Il (See 

Figure 5) manager in 1983. This changed 1he organizational structure in that all flight safety 

problems. 1rend problems, and cJo,e out actions were no longer reported to Level II unless the 

problem was associated wi1 h bardware and was not flight critical. This requirement was 

subsiantially reduced 10 include only problems relating Lo common hardware problems or 

physical interface elemems. 

After a few flights rook pl<lce in the early J980's there was sufficient evidence from the 

recovered SRB's that the primary 0-ring in the aft field joint of the right hand SRB had been 

badly eroded by the hot combustion gases. The Marshall and Thiokol engineers thought they 

had the situation in hand. TI1ey fel1 that the erosion of the 0-ring occurred in the first 200 or 

300 millisecond ignition transient, and after that, the 0-rings would seat in their grooves and 

the pressure seal would be complete. The engineers at TI1iokol considered this an "acceptable 

risk''. 

In an effort 10 justify not siopping 1he shuttle flights. 1he :-farshall and Thiokol 

engineers stated that it was safe to continue flying the existing design as long as all joinis were 

leak checked wil h 200 psig (pounds per square inch gas) stabilization pressure, were free of 

contamination, and met 0 -ring squeeze requirements. Howe\'er, the effectS of raising the test 

pressure made ihe 0 -ring distress worse on subsequent flights. Over half of the subsequent 
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flights experienced 0-ring erosion or actual blow-by of het gases. The term blow-by means that 

during the ignition transient, the hot gases would blow by the field joint sealing putty. The 

higher pressure leak test was a~tually creating "blow holes" in the sealing putty, which gave the 

super hol ignition gases a clear route to the 0-rings. Marshall engineers, after realizing that the 

Lest was making Lhe field joint in1egrity worse, told Thiokol that they were concerned about the 

effectS of the test procedure. Thiukol's progress in analyzing the test procedure was slow, 

causing Marshall engineers to write internal memos complaining about Thiokol's slow progress. 

By the summer of 1985, the Marshall and Thiokol engineers realized that they were 

risking disaster by allowing shu11le flights to continue despite the chronic 0-ring erosion. At 

Thiokol, a field joint redesign task force was assembled by Thiokol"s Vice President o f 

Engineering, Robert Lund on August 20, 1985. Their charter was to fix the joint rotation and 

the 0-ring damage problem. Joint rotation is caused by the sudden expansion of the solid 

rocket booster during the ignition transient at the beginning of the liftoff. Thiokol went slowly 

on the project so as nol to make lht! problem public and jeopardize their position in the 

contract-renewal negotia1ions sch.::<lult!d for the fall of 1985. 

The Thiokol task force and Marshall could not agree about the oature and scope of 1he 

problem. This situation did not lend itself to allowing Marshall and Thiokol to reach a 

mutually acceptable redesign. Thiokol and Marshall exchanged memos, but there appeared to 

be a stronger than normal degree of organizational inertia at Thiokol. Marshall"s engineers 

grew increasingly impatient with Thiokol"s foot dragging. Marshall Director of Science and 

Engineering, James Kingsbury wrote lo La.,.·rence Mulloy, Manager of the SRB project at the 

Marsh~ll Space Flight Center, complaining abou1 Thiokol's progress. The memo in effect stated 

that the redesign effort of the 0-ring seal problem on the Solid Rocket Booster needed priority 

a11ention of botb Thiokol and J\faf!'hall. There is no record that Kingsbury communicated this 

sense of alarm outside the 1vtarsh~ll organtzation. 

At Thiokol. engineer Roger Boisjoly and his colleagues were concerned and frustrated 

over the slow pace of gelling support for fixing the 0-ring seal problem. Roger Boisjoly was 

on the Thiokol seal task force. He wrote St<Hus reports to upper management complaining 

about the lack of support and the fact 1hat the redesign was not given 1op priority. Thiokol 

and NASA had irrefutable evidence that the 0-ring problem was potentially catastrophic. After 

the 51-B mission ia April of 1985, investigators found that a nozzle join t primary 0-ring had 

been badly eroded and blown by and that there was serious erosion on the secondary 0-ring. 
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Bob Ebeling, another Thiokol seal iask force engineer was just as concerned as Boisjoly. 

Ebeling wrote a message to Allen McDona ld, Thiokol's Director of the Solid Rocket Motor 

Project, tbat staned with the word 'HELP'. The message reiterated Boisjoly's concern about 

lack o f personnel and support. Thiokol's aerospace divisio n did not pe rceive the redesign effort 

with the same sense of urgency as the seal task force engineers. 

The problem of the 0-ring erosion was stumbled upon by NASA auditor Richard O:iok, 

in the summer of 1985. Cook discovered that orders were being placed for a special solid 

rocket booster that had a capture feature. This capture feature was designed to grip the inner 

clevis face and prevent joint rotation. The order was placed in July of 1985 for sevenry-rwo 

SRB's with the new "capture feature'. Among the Marshall engineers, the capture feature was 

known as the 'big fix", since it was intended to fix the chronic 0-ring erosion problem once and 

for all . Richard Cook sent several urgeot memoranda to his superiors, warning of the 

"ca tastrophic" resulls of field joint failure and calling for an immedia te halt Lo shutlle flights. 

There are no records that the warnings were acted upon in Marshall or at NASA headquarters. 

Thiokol was successful in getting NASA to affect a formal 'closure' of the 0 -ring 

problem since a safe redesign w;is supposedly in progress. Thioko l had reques1ed a closure of 

the problem because tests v.ere in progress that would lead to a safe redesign. The reque>t 

worked. as the problem was closed out of the Marshall's monthly Problem Reports five days 

before the Challenger accident. 

On Tuesday, Janua1y 14, 1986, Kennedy Space Center Director Richard Smith convened 

the Launch Readiness Review me<:!ling at Cape Canaveral. Members included contr:tctors for 

the shuttle program and over 100 representalives of NASA Lockheed, the principle contractor 

and NASA officials presented the status of the space craf1. Included was a review of plans for 

emergency landing. The Jo hnson Space Flight Center in Houston, which has overall 

responsibility for the Space Shuule program approved of the launch. A poll of top NASA 

ofricinls gave ~pproval and Smith signed a "launch readiness certificate". 

On Wednesday, January 15, 1986. a video teleconference linking :\ASA Space-Ft igh1 

cente rs reviewed all systems beginning at the engineering level for the space craft 1hrough the 

in-flight responsibilities of the Johnson and Marshall centers. The conclusion of all the 

participants was 'Go for Launch". 

NegMive Feedback -17- EAS 5./1 



On Thursday, January 23, 1986, countdown began for a Sunday morning launch, January 

26th M 9:36 AM. 

On Saturday, January 25, 1986, overcast skies. rainstorms and a gloomy forecast caused 

postponement of the launch until Monday. January 27th. 

On Monday, January 27, 1986, thirty knot cross"~nds and problems with a bolt on the 

shuule ha tch developed. Launch Director Gene Thomas called off the launch. A cold front 

moved in overnight. The External Tanks were fueled and the lift off was set for Tuesday. which 

marked the seventb delay in the flight schedule. Flight 51-L was one momh behind in the 

aggressive launch schedule. 

When the cold weather moved in on Cape Canaveral on the night of January 27. 1986 

the unusual weather alarmed Al len McDonald. McDonald immedi~tely setup a teleconference 

meeting with the Thiokol engineers and upper management, NASA /\farshall Space Flight 

Center engineers and upper management, and Kennedy Space Flight Center upper 

manngemenL 

The Thiokol engineers had gathered derailed charn of engineering data to try 10 

convince NASA (Marshall Space Flight Center) tha t the temperature effcclS on 0-ring 

perforn1ancc may cause serious problems. The engineers from Thiokol presemed a c-0nvincing 

argument that the combined problems of field joint rotation and delayed 0-ring seating due to 

th" cold temperatures would lead lO serious problems in the field jnims (See Figure 2). 

The delayed 0 -ring seating would allow blow-by of the primary 0-ring and the 

secondary 0-ring probably would not seal in time. This data was lrnsed on a launch 

tempera ture of 26 degrees Fahrenheit. Roben Lund, Vice President of Engineering at Thiokol 

recommended that the launch should be delayed until the ambient temperature rose high 

enough to warm the 0-ring seals to at least 53 Degrees Fahrenheit (See Figure 3 for written 

laun~h recommendations). This was the same temperature as the previous coldest 0 -ring 

temperature at launch (Flight 51-C oae year beiore). 

The reaction from NASA was swift and heated_ Larry :-..1ulloi'. manage r of the SRB 

Project at the Marshall Space Flight Center chall.enged Thiokol"s data and their logic. 
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Roger Boisjoly continued to argue that the data was v<ilid because the most 0-ring 

damage was done on the previous coldest shuttle flight. Now the temperature was 30 degrees 

Fahrenheit cooler and the damage to the 0-rings would be worse than before. Joe Kilminster. 

Vice President of the Space Booster Group at Morto n Thiokol sided with the engineers. 

George Hardy, Jv!arsha lJ's Deputy Director for Science and Engineering was 'appalled' at 

Kilminster's recommendation to delay the launch. Stan Reinartz. manager of Shuttle Projecis at 

the Marshall Space Flight Center also questioned Thiokol's logic. Morton Thiokol was now put 

in the position of having to prove that there would be a probkm with the launch at a cold 

temperature. 

Joe K.ilmirJSler asked for a five minute caucus to resoh·e the discussion between the 

Thiokol management and engineers. During the caucus. Jerald Mason, Senior Vice President at 

Thiokol indicated that a management decision was required_ Now Boisjoly and Arnold 

Thompson, Supervisor of the Rocket Motor Cases Divbion at Thiokol. real ized that they were 

out of the decision making caucus. The upper management at Thiokol would oot listen to 

Boisjoly aod Mason's arguments. At one point. Jerald i'-la,on said to Roben Lund, "Take off 

your engineering hat and put on your management hat". 

After thirty minute."> of discussion, Joe Kilminster went back on the teleconference and 

rt!ad the new recommendation "Monon Thiokol recommends STS-51 L launch proceed on 28 

January, 1986". George Hardy recommended that Thiokol should put their launch 

recommendation ia writing and telefax it to both Kennedy Flight Center and Marshall Space 

Flight Center before launch time. The telefa.x was sent ou t twenty minutes later signed by Joe 

C. Kilminster, Vice President, Spnc.e Booster Programs al /\fonon Thiokol (See Figure 4). 

This decision was not discussed with Arnold Aldrich, :'\ASA Mission Management Team 

Leauer because the decision made at Monon Thiokol was a level JI[ decision. Since the 

concern was 'closed' at le\'el lfl. it was not raised to level II management (See Figure 5 for 

management structure). 

On Tuesday, January 28. 1986, the launch temperature was 29 Degrees Fahrenheit. The 

contrnct specified a range of -10 to 90 Degrees Fahrenheit. "here th<: temperature of the 
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boost<:<r rockets were designed lO perform. The crews searched for ice and other pocemially 

damaging debris before launch. 

Al 4:00 A.M in the morning, the Ice Team was inspecting the launch pad of chc 

Challenger. The [ce Team was performing 1he inspection; al the launch pad because cbe 

temperature was in the low twenties for approximately eleven hours. The Ice Team reported 

icicles and ice forming in the water trays beneath the vehicle. Rod.well rmernatioaal, the 

prime contractor for the orbiter, was a lerted to the ice problem by the Ice T eam. Rockwell 

studied the situation and indicated that they could not recommend a launch because of all the 

ice al the launch pad. RocJ..-wcll was concerned abou t the effects of ice on the shullle and they 

wamed lO make sure NASA understood that il was not safe to launch. This concern was not 

communicated to Arnold Aldrich or Jesse Moore, Associate Administrator for NASA Rockwell 

made no phone caUs o r attempts la express their concerns after the 9:00 AM Mission 

J\fonagemcnt Team meeting. Rochvell also did not clearly communicate the concern about the 

effects of ice on the orbiter at the 9:00 AM meeting prior to the bunch. 

Al i 1:38 AJvf, Challenger lifted off. 

Elarsed Time Imo Flight: 

0.7 seconds 

0. 7 -2.5 seconds 

2.5-58 seconds 

59 ~econds 

59. 2 seconds 

59-73 seconds 

73 seconds 

Negati••e Feedback 

Event: 

Smoke escaped field joint from right hand SRB 

Eight puffs of smoke escaped field joim 

G lassy oxides sealed burned joint 

Glassy oxides crumbled due ro high ~ltitude windshear on shuttle 

Flame escaped field joim 

Flame burned through external fuel tank 

External fuel cank exploded. orbiter and seven human beings are 

desrroyed 
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Analysis of Communicat ions 

There were a number of types of communication failure.~ that prevented effective 

negative feedback communica1ion in the opera tion of lhe Space Shu11le Challenger. A 

discussion of each of the types of communication breakdowns " ill be presented. 

Management Isolation 

Earl)' in the design St;tges of the SRB, Marshall engineers had serious concerns about 

the integrity of the design. The engineers wrote many internal memos aboul the concerns, but 

they were not forwarded to Morton Thiokol. Inc. The management structure at the Marshall 

Space Flight Center had a tenden~-y toward management isolation, which effectively prevented 

negative feedback communication from being sent up the managemen t chain of command. 

Marshall bad a management and climate problem that prevento::d effective negative feedback 

communication. 

Lack of Negative Feedback Communication Channel 

When the change was made in the reporti ng requi ro::ments by Glynn Lundey in 1983, 

tbis change effeclively cut off all negati"e feedback communication channels to upper 

managemeat at NASA As a result of the re>trncturing, all flight safety problo::ms. trend 

problems, and close oul actions were no longer reported to Level [[ Management. le"el II 

and Level l Management were then J..ept in the da rk as far as recurring problems were 

concerned on the space shuttle program. In addition to the communication channels being cut 

off, safety and quality engineers "ere laid off or relocated 10 cut costs in 1he shuttle program. 

Since safety and quality engineers are the people who would be analyzing the flight problems 

and performing trend an:1l;-,;is. tbis negati\'e feedback communication source was eliminated. 

Wiley Bunn. director of Rdiabitity and Quality Assurance at Marshall indicated to the Rogers 

Commission(6) that had there been people available to do trend analysis. the data on the 

0-ring erosion problem would have "jump!!d off the page at you". 
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Engineering Credibility Problem 

The new test method that was used to leak check the field joints to 200 psig. which was 

in itiated by the Marsh<tll and Thiokol Engineers. communicated a false sense of security in the 

integrity o f the field joint to upper management. After a few of the subsequent tligh L~ 

indica ted that the 0-ring erosion problem was getting worse because of the increased leak 

check test pressure, the "ngineers at Thiokol found it difficult to communicate the concern 

about the worsening 0-ring problem to upper managemeni because of the lost credibility of the 

engineers. 

Political Pressure Prevented Problem Correction 

The management dtmate at Thiokol did not allow the seal task force to add ress tbe 

problem in a timely mannc!r. Roger Boisjoly wrote status reports lo upper management 

complai ning abou t Lht! lack of support and the fact that the redesign of the field joint was not 

givc;:n number one priority. Lrper management was concerned that allowing the problem with 

the 0-rings 10 go public wcul<l jc::opardize the companies position in the contract renewal 

negotiations tha t were <1b0Lu to begiii. Because of political pressure from upper ma n<1gemenl, 

the engineers at Thiokol "er« not allowed to complete the oegati,·e feedback communication 

loop by tmplememing a fix to the fit!ld joim in the SRB"s. 

Poor Listening 

111e urgem memorandum sent by Richard Cook to Marshall and NASA headquartc::rs 

was not acted upon. ·n1is is an example of poor liste ning o n the part of management at 

NASA. The memoranda '"'s never acknowledged that it had bt!en received. let alone acted 

upon. 
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Organizational Ambience 

Organiza1ional ambience can strongly influence negative feedback communication. The 

following discussion illustrates various authors' analyses of the organizational ambience of 

NASA 

Kenneth Kovach and Barry Render(3), both professors at George Mason University did 

a study on NASA managers to de1errnine their management profile. Through a series of 1ests. 

they cha racterized NASA managemem style by a tendency not to reverse decisions and nOl to 

heed the ad,~ce of people:! ou1side thdr management group. The profile was based on a series 

of tests taken fro m 1978 10 1982. NASA had a management style that "Lets program objectives 

override good judgement". The aut ho rs tested with the following instruments: Learning Style 

Inventory, Androgyny. l'vfonagement of Motives Index, Work Mmivation Inventory and 

Fundamenrnl lnterpersonal R<'.sponse Orientation, Form B. Five-hundred-thirty-seven mid · 10 

uppe r-l<:!vel management personnel were tested. The test indicated the following characteristics: 

!. Strong tendencies to collect and evaluate information by thinking and sensing 

rather than intuition and feeling. 

2. Strong masculine decision making charac1eristics making them uniikely to change 

their minds. 

3. Adequately fulfilled lower-level needs but unsatisfied ego status and self 

actualiza1 ion no::eds ( making them unlikely to capitula te in the face of outside 

interven tion). 

4. Strong desires to control others and be a part of 1his homogeneous work group. 

The decision tl> launch Challenger in the face of precautionary warnings was consistent 

"ith 1he management style of the group responsible for the decision according to Kovach and 

Render. 

Senator John Glenn was qumed as saying tha1 io his ,-iew the "can do" attituc!e of 

NASA gave over to "an arrogant 'can't fail' attitude". Charles Burch( l) has reflected on the 
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"can'L fail" attitude and says :-/,\SA suffered from a dangerous imperative having made 

unrealistic promises in order 10 win congressional support. 

In a study by Howard Schwartz. a Ph.D. io organizational behavior, from Cornell 

University(2), slUdied the psychodrnamics of the disaster. He stated that the vital 

orpnizaLional processes tended to become ritualized. "Rather than solutions to problems. they 

hecome excuses for avoiding problems'. 

During the Presidents Commission investigation, Level lTl SRB project manager, Mr. Mulloy, 

stated that he still believed his judgement was correct in not pa!;Sing the information regarding 

the 0-rings to Level IL Mr. Schwartz(2) explained it his way, "taking responsibility for positive 

action is a way of linking ' l did it' with the 'NASA did it' which represents perfection". The 

auitude that NASA "can't fail" existed even with the problem of the 0 -rings being open ly 

di;;cussed. The concerns of Thiokol did not register as important to NASA management. 

Objectives and Goals 

The function of objectives and goals to an organization will influence feedback of 

negative communication, as indicaLed in the following discussion . 

Kovach and Render(.1) in their citation stated "one of the most frequent and serious 

ch~rges has been that NASA managers were so committed to reaching programs objectives. they 

ignored many safety warnings from individuals, both within and ou tside the agency". 

/\ASA had a goal of launching 14 flights in 1987, and 24 launches by 1988. NASA's 

obje,1i,·.;~ could be classed as. "'The game /\ASA is playing is 1he maximum tonnage per year at 

the minimum cost ava ilable" quoted Paul Clouiier(4), a professor of space physics. 

The contribution that goals made is quite evident in most of the research on the 

Challenger disaster. Howard Sch"artz('.!) is quoted as saying, "llie schedule NASA set out to 

meet w;1~. after all, self imposed. At 1his stage it seems incredible that an o rganization like 

/\ASA with itS clear history of successful management , could lock itself into a schedule that it 

had no chance of meeting". 
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la aa article da1e<l July 21. 19$6 an issue of Avia1ion Week and Space Technology 

srn1ed 1hal 1he NASA agenc·y had a "group think" mentality and a management style 1hal "Lets 

program objectives override good judgement". 

Organiuuional S1rucLUre 

The organizational s1rucLUre of a company has a direcl impacL oo the effec1iveness of 

negative feedback communica1ion. TI1e following section discusses 1he organiza1ional s1ructure of 

]'J.A.SA and the impact ii had on hindering negative feedback communication. 

The organizational struciure for 1he NASA shuttle program was sel up with four levels: 

Level rv was the contractors for the sbuule elemems. This level wa5 responsible for 

bo1h design and production. 

Level ill was respo1l:>ible for the development, testing and delivery of the hardware. 

Level IT was responsibk for the shuttle programs base line and requiremenlS. 

Level I was responsibk for policy-budget and was the lop level for technical ma uers. 

A very imponant change in the organizational s1ructure was made in 1983. one that 

•hanged 1he decision mak.ing process. A reorganization shifted the respo:isibility for monitoring 

flii;hL s<ifety from the chief engineer in Washington, DC 10 the field. What this reorganization 

<liJ according to safely engineers "ho 1alked 10 Mark Topscou(-l) was lo "close off an 

irn.lependent channel wi1b authority lO make 1hings happen at the 1op". 

Prior lO 1983, Lev<:?! ill was to report all problems, trends. and problem closeout actions 

h.> Levt:!l II unless the problem \\as associated with hardware and was nm flight critical. 

According 10 the Roger"s Commission(6) this requiremen1 was substanually reduced lo include 

o nly problems which dealt with common hardware items or phy~ical interface elemenL<. This 

chMge in reporting requirements "as initiated by Glynn Lundey, :-.fo11ager of the Nationa l 

Space Transportation System(Level Il Manager in 1983). The change was 10 stream tine the 

<ystem, ho\\ever, the revision eliminated reponing on flight safety probkms. flight schedule 

problems and problem trends LO Level IL Level U lost all insigh1 into safety, operational and 
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flight schedule issues resulting from Le,·el Ill (See Figure 5 from previous section for Shunle 

Program Maaagement Structure). 

Readiness reviews for both launch and flight of a Shuttle mission are conducted at 

ascending levels that begin "ith the contractors. 

111e objections of the Morton Thiokol staff about the effects of cold temperatures on 

the 0 -rings performance on the SRB's and the concerns of Thiokol and Marshall engineers of 

the joint seals was not passed up the communication chain 10 Level !I o r Level I. 

The organizational structure where problems, action items, anomalies and weather were 

reviewed was the Level I flight readiness review, a fully planned step by step activity designed 

to certify the readiness of the Shuttle assembly. This review began about rwo weeks before tbe 

launch. The Level I directi\'es established a Mission Management Team to assume 

respon>ibility for the launch beginning 48 hours before the launch (See Figure 6). The 

structured Mission Management team is called L-1. L-1 meets 2-1 hours prior 10 launch. The 

agenda includes any open work, any anomalies, and weather. The concerns of the Level fV 

contractors regarding 0 -ring and seal erosion and the objections to launch voiced by Thiokol 

engineers were not communicated up to Levels I or II Management. The 0-rings had been 

designated "criticality l" of the SRB. This meant a failure would cause a loss of life or vehicle 

if the component foiled. This constraint, though waived. had been regularly waived b~· SRB 

proiect manager at Marshall, Lawrence Mulloy, Level lfl .\fanager. It is note worthy that 

.\loore, Level I nor Aldrich, Level 11 nor Thomas, Level IT, were aware of the sLx previous 

waivers prior to the Challenger launch. The only major concern of the L-1 Team was the 

approaching cold from. 

/\Ir. Aldrich. the Level 1J program official, summarized three areas of breakdown in the 

communications. First, the teleconference and Thiokol's concerns were not passed up to L~vel 

IL Second, the communirntion between NASA headquarters and the Marshall Organization 

was not routed through Level II Management. The 0 -ring concerns had no t gone through his 

office from either direction. This was against the documented reporting channels according to 

.\fr. Al<lrich(6). He had not been on the line of reporting for that activity. The third 

breakdown according to .Aldrich was that the budget for the work on the new configuration of 

the Joints was not routed through him. Had the budget gone through his otfice, he would have 

seen the concern for the 0-ring safety and other concerns. 

Segati1 e Feedback -26- Er!S 541 



. -· .... ... .. ·········-

Analysis of Changes i\!ade 

A discussion of solutions that have already been implemented and suggested solutions 

for the types of communication problems that existed during the Space Shuttle Program leading 

up to the Challenger accident are discussed below. 

Management Isolation 

Horizontal communication breakdown occurred between the Marshall Space Flight 

Center and Morton Thiokol regarding the concern about the integrity of the SRB design. 

Communication channels mw;t be open between divisions or companies lo facilitate information 

sharing, problem solving and problem correction coordination. 

Since the Challenger accideo l, management changes in the MMshall Space Flight Center 

have facilitated a much more open atmosphere in bringing out problems and commuoicating 

the m to other contractors. ~lorton Thiokol engineers and Mar~ha ll Space Flight Center 

engineers worked together to redesign and test the changes in the field joint design on the 

SRB's. The combined effort ~[lowed the engineers to design a reliable and safe field joint for 

use on the SRB's. This redesign effort proved to be successful, as evi<lenced by the recent 

Discovery flight. 

L~ck of Negative Feedback Cornmunicaiion Channel 

Because of the lack of a nega1ive feedback communication channel, Level II and Level I 

Management was unawo re of the serious problems that existed with 0-rings on many of the 

flighLs. Reducing 1he number of the Quality Assurance and Safety engineers removed an 

important source of negative feedback communication. 

Since the Challenger accident, safety and quality control have been emphasized in every 

step of tbe sbuttle launtb. Problem close outs are now inspected by both NASA quality 

experts and comractors. This new procedure is mandatory during the preflight preparation. 

Another new procedure requires that there be no open problems a1 the time of the launch. 
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I . Reliability analysis is now mandatory on the SRB's. Engineers are required to examine 

the recovered SRB nozzles and field joints for possible problems. X-ray and ultrasonic analysis 

will be performed to find the smallest defects in 1he SRB's(lO). 

Engineering Credibility Problem 

Loss of credibility was not the only problem. Once the engineers rea lized that the new 

test was causing more problems tha n it was solving. they had aa uphill baule trying to convince 

managemen t of the severe 0-ring problem. The engineers tried 10 convince management of 

the problem but they failed. The e ngineers were also afraid to go outside tbe cbaio of 

command for fear of retaliation by Morton Thiokol. These fears proved true, as Allen 

lvkDooald and Roger Boisjoly were reassigned and had their responsibilities reduced after 

testifying to the Presidential Commission investigating the accident. 

"1be code of e thics of engineers says if you arc o,·erruled by a matter of safety by 

management, you shall go to the proper au thority." This statement was made by Dan Pletta, 

professor emeritus at Virginia Polytechnic Institute and State University(9). 

Roger Boisjoly and Allan lv!cDonald could have gone outside the company, notified the 

general council in the government. notified a profo::ssional engineering organization, or notified 

the newspaper about what was going on at Morton 'Thiokol. Their overriding concerns about 

job security kept them from pursuing these othe r ·rnurses' of action. Engineers who are aware 

of unethical behavior on the part of management must exhibit professional behavior and social 

responsibility to seek all possible courses of action 10 correct the problem. 

Political Pressure Prevented Problem Co rrec1ion 

The management climate at /\!orion Thiokol did not allow the engineers to solve the 

0 -ring problem in a Lirnely manner. Monon Thiokol a1tempLed LO preve nt the problem from 

going public by attacking the 0-ring problt:!m very low key. 
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Since the Challenger accident, Chairman and CEO Ctiarles Locke of Morton Thiokol 

has made managemeni changes to improvl! communication, decision-making and 

responsibility(l !). 

The number of quality insurance inspectors has doubled, and the company now 

promotes a more 'open· discussion of disagreements between engineers and management to 

resolve problems. The management that is now in place is more open to negative feedback 

communication from any employee who has a concern. 

Poor Listening 

NASA was guilty of poor listening, as they were more concerned with maintaining the 

flight schedule than listen to someone complain about the problems with the 0-rings in the 

SR B's. 

Changes in the management structure and preflight procedures at NASA have made it 

easier for anyone with a concern about a shuule flight co ask questions during mission readinesS 

reviews. Under a new set of ground rules at the conferences, officials from NASA the 

Defense Department and che major con1ractors can break in with a question at anytime. 

Organizational Ambience 

Organiz.-itional ambience can strongly influence the ability to communicate problems up 

the management chain of command. In order to resolve any kind of problem, peers and upper 

management must provide an atmosphere of openness and concern for any problems that need 

attention. 

Changes in the management structu re at NASA were made so that the shuttle program 

could return safely to night status(l2). Rear Admiral Richard Truly returned 10 NASA as 

associate administrator for Space Operations. Truly's effons in promoting an atmosphere of 

s11fety at NASA helped change the organization ambie11ce of NASA 
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Objeclives and Goals 

The objectives and goals of an organization can adversely affect negative feedback 

communication. 

Changes made by NASA have made the flight schedules more conservative with an 

emphasis on planning and precautioos. 

NASA has implemented changes that include more checks aod balances in the pre and 

postflight operation of the shuule program. There is now a clear ' take your tin1e' atmosphere 

at NASA according lO Al Harley, ground o perations manager for NASA's Kennedy Space 

Cen ter(l3). 

NASA bas also increased the number of launch commit criteda from 2000 to 2500. with 

an e mphasis on safety. 

Organizalional Slructure 

The organizational structure of a company can strongly influence the ability to promote 

effective negative fee<lb<1ck communication . 

. Among the many orgaoiw1ional changes made by ~ASA, the most important ones were 

m the shuttle launch dedsion prncess. For the first time in the shuttle launch decision process, 

the team is now represent<:?d by a mixture of NASA ma nagers and top-level representatives of 

shuttle processing and hardware element contra\:tOrs. Previously, contractors func1ioned 

primarily as observers during the terminal part of the count. 

Ch3nges in lhe management s1ructure al NASA have now re-emphasized 's3fery first'. 

A more conservative ap prnach is being taken by NASA in tile pre paration of the hardware for 

each flight. which includes rigid documentation for each u1sk accomplished. NAS;\ now 

researche.~ all waivers prior to liftoff m identify the rel ative importance and criticality of the 

\vaiver. 
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Changes al }.forton Thiokol have also been irnplemeo1ed 10 promote safety. Al l of the 

Morion Thiokol marn1gers "ho overruled 1he engineers objections to 1he launch have ei1her 

retired or have been reassign<:d. Morton Thiokol has promoted safety by doubling th.: number 

of quality assurance inspectors in the Solid Rocket Booster Division. 
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Accident at Three /\!ile [sland 

The events preceding the March 1979 incident at Three Mile Island (TM!) exemplify the lack 

of effective negative feedback communication that can occur between and within organizations. 

The Design Problem 

The pressurizer is a steel tank about 40 fret tall that regulates the pressure ia the main cooling 

system of a nuclear power plant. It is the most elevated point in the cooling system, and while 

every other part of the cooling system is filled with water, the pressurizer is topped with a 

bubble of steam that acts to absorb transient shock.5 on the cooling system. At the bottom of 

the pressu rizer are heaters that can make the steam bubble expand and thus increase the 

cooling system pressure. At the top are water $prays that arc used to cool the pressurizer 

water causing it to contract thus lowering tbe cooling system pressure. 

The plant operators can control and monitor the pressure inside the cooling system and reactor 

vessel by knowing the water kvel inside the pressurizer. (See Figure J.) 

The weakness in the B&W d~ign is in the pipe connecting the pressurizer to the rest of the 

cooling system. Because of a de~ign change durmg 1h<' lavout of the hardware. the pipe dips. 

creating a U-shaped loop anti inducing a vapor lock almost like a sink drain trap. 

Although a vapor lock would not affect the operation of the pressurizer under normal operating 

conditions. it does have ill effocts under certain conditions. If. for example, the pilot operated 

relief valve (POR V) on top of the pressurizer was m fail open. 1he steam bubble would escape. 

the wmer level inside the pressurizer would rise co a higher equilibrium stale. and the pressure 

in the reactor vessel would t.lecrease allo\\ing the "ater covering the nuclear fuel to turn to 

steam, causing the fuel to overhe~t and possibly melt. O"crheating may lead to reactor 

meltdown and release of radioactivity to the enviro nment. 
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2 Because of the vapor lock in Lhe "U-shaped" loop, the water level insic.Je the reactor would not 

he correctlv communicated to the pl;int operntors who use the water level in the pressurizer to 

indicate water level and pressure in the react0r. 

The pilot operated relief v;ilve (PORV) is located on top of 1he pressurizer, above the s.pace 

norma lly occupied by the steam bubble. This relief valve is designed to open automatically 

when the system pressure begins approaching 1he upper limii.s of safety. In theory, if the 

pressure in the coolant system rises very abruptly, the valve will open, some of the steam will 

rush out (shrinking the bubble), water "ill move up in the pressurizer from the primary coolant 

loop, and the system pressure will go down. When the system pressure is back to normal, the 

PORV doses automatically, having returned the S}"Stem to a safer pressure. Due to an 

3 ei<tremelv ooor operating historv of the PORVs to stick open, B&W installed a block valve 

between the PORV and the pressurizer, which can be closed by plant operators to stop the 

leak and/or allow maintenance on the PORV. 

The emergency cooling system prevents a meltdown when all o ther systems have failed to cool 

the nuclear reactor core. It consists of high-pressure injection pumps driving water into the 

reactor vessel directly. The emergency cooling S)"Stem is controlled by the plant safe shutdown 

computer. 

Sequence of Events 

On September 24, 1977, the PORV valves lifted at Davis-Besse Nuclear Station in Toledo, 

Ohio. In response lo an incrense in the pressurizer wa1er level, the plant operator tripped the 

nudear reactor and too k noL<.! thaL the water level in steam genera tor number two had dropped 

below a readable level. As the Willer and pres.sure levels continued to drop in the steam 

generacor and reactor. the sufe shutdown computer au tomatically turned on the emergency 

cooling s1-stem. However, sinee Lhe plan t's operator was overly concerned about the increasing 

water level in the prCS$urizer. he turned the emergenC)' cooling system off. 

Immediatel)• alarms sounded and :;ix operators gathered to try to make sense ou t of the 

4 incoming signals. AL that time, Lhe gauges and indication lights were spread out o'er the room, 

so that iL was impossible for one person LO visua lize the e mire system. Fortunately. a single 

operator noticed tbe essential signal "Containment Pressure HI" and decided to investigate. 

Two of the Lhree meters indicated that containment pressu re was normal, but the third 
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indicaLed a problem. The operator acLed on a hunch and closed Lhe PORV block valves. In 

Jess 1han twenty minutes Lhe reaclor was srnbilized. 

B&W. the design/engineering company for the Davis Besse plant. was curious e nough about Lhe 

incident that Lhey sent an engineer 10 the plant for a couple of days afterward to look inio the 

deLails. When the B& W engineer arrived he met with twenty people from the N RC to field 

their questions. 

5 After returning from Davis Besse. the B& W engineer gave a oresenlation on the incident to 

senior management at B&W. At 1he Lime. B&W bad sold eight nuclear power planLS in the 

United Stales, aad the topic of di>cu.~sion was peninem to all of them. 

The conversation during the meeung focussed on 1he PORV valve that was designed to bleed 

off a lillle steam, then dose. From a design standpoint this was very demanding, since the 

valve must open at 2,200 psi, then r.;dose when Lhe pressure drops to 1800 psi. As mentioned 

6 earlier, the PORV valves had a his11)ry of failing. Ironically, this time the va lve stuck due to a 

missing part. 

During the meeting, the chief an,ilV'l for Lhe emer~ency cooling svstem pointed out that the 

operators overrode the safetv computt'r. and turned off the emergency cooling system at least 

7 15 minuLes before it was <liscov..:red that the block valve needed to be closed. If the plant had 

been running at greater than 9 rercent power. Lhose 15 minutes would have lead to po$s1ble 

fuel damage or melldo"n. 

Less than a month after Lhe fir;,t inci<lenl at Davis-Bes.se, there was a second, and while this 

event was not as serious as the firsl. once agai n the plant operators overrode the plant safety 

computer and cu1-off the emerg.:ncy cooling system. Back at B&W engineering offices, the 

<h::sign engineer of the emergenc) cooling svstem was concerned .ind realized that clear 

8 instructions had to be relayed lo the operators. He decided to try and create some kind of 

forum to get the issue ou1 in the <>rien. Trying 1101 to sound like an alarmist, he wrote Lhe 

following in a memo: 

Two recent events at the D~vis Bo;;~e Plant have pointed ou t thal perhaps we 
are not giving our customer> enough guidance on the operation of the high­
pressu re emergency cooling ''''tern ... 
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He also pointed out that mosL accidenLs require continuous operation of the emergency cooling 

system. He Lhen suggested guid~lines and asked for opinions. A copv was sent to his boss. his 

ho.<s's boss. the manager of training. and several personnel in customer sen~ces. 

9 Of the seven letters mailed t>u l. on ly o ne response was received. It stated that reactor pressure 

and waler level would tend in the same direction in the event of a "loss-of-coolant accidenL". 

Exactly the opposite had just occurred, twice at Davis Besse and once at the B&W designed 

SMUD reactor near Sacramento. 

On November 29th , during an investiga tion into the Lhird unplanned event at Davis Besse in 60 

days. NRC inspector Cres"ell redewed the recording of the pressurizer water level during the 

event and noticed chat the level dropped off scale. 

The significance of the event was discussed in a heated conversation between Davis Besse 

engineers and the NRC inspector. When Creswell returned Lo the NRC office in Chicago. he 

was reprimanded becaus~ of the way he had handled the issue at the plant The chief 

10 inspector who reprimanded Creswell hased his judgement on Creswell 's temperament of 

communication. rather than on thco substance of the communication. 

Creswe ll proceeded to co mpar<' the pressurizer level plots from the prior two evcntS with the 

November 29th plot and fnund th.<t they were all the same and indicate tbat right in the middle 

of a loss-of-coolant accident. th~ plant operators turned off the emergency cooling. Creswell 

11 took the matter up with his boss. who told Creswell that he was "out of line" and that if there 

was a problem "the guys in Bethesda (NRC headquarters) would have picked it up". 

But Creswell had alret1dy verified that i"RC headquarters had not yet received documenrntion 

o n any of the three events. The issue was resolved by issuing a memo from the NRC region 

office to the operators a1 Davis Bc:.se, which stated the following: 

Prior to securing HP! kmergency cooling), insure that a leak does not exist in 
the pressu rizer such as a ~Jfety or electro nic relief valv.: is stuck open. 

This was a simple direcuve, hut the possibility that this information was essential to the 

opera tors c f the seven other B&\V plantS or co NRC headquarters was ove rlooked. 

In mid-October 1977, a systems analyst at Tennessee Valley Authority (TV A). while reviewing 

blueprints of the B& W nuclear reactors being built in Alabama, realized that sometime during 

the design phase of the reactor. the elevation of the pressurizer was lowered in relation to the 
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reactor vessel. Becau.se of the l<iyout of the hardware, the pipe connecting the pressurizer and 

the reactor vessel took a dip, creating a U-shaped loop. The presence of the loop would cause 

water level in the pressurizer to rise in the event of a PORV valve opening; whereas, in a 

correctly designed system, the water level in the pressurizer would drop while the PO RV valve 

was open. 

For example, if one of the PORV valves on top of the pressurizer stuck open, the reactor 

would lose pressure and if the core was hot e nough, the water would flash to steam. The 

steam could not escape through the PORV valve because of the vapor lock in the main loop 

due to the dip in the pipe connecting the pressurizer and reactor. The trapped steam would 

then push che water leve l higher in the pressurizer misleading the operators (who are unaware 

of the d.:sign error) into shutting down the emergency cooling system in order to a'·oid filling 

the pressurizer with water (for fear of losing all control over tbe pressure in the reactor). 

This design error was common to all eight operating B&W plants and appeared so obvious that 

the system analyst thought no one should have missed it: however, the scenario had already 

haprened three times. 

·n1e responsibility of the Advisory Committee on Reactor Safeguards (ACRS) is to review the 

license application for every ne" reactor and rcpon directly to Congress if they do not like 

what they see. In December 1977. the ACRS was considering the construction permit for a 

ne" B&W plant for Ponlimd General Electric Company. The systems analyst from TVA had a 

friend in ACRS so he attempted to get the attention of the ACRS through an informal 

handwritten note to his friend that outlined bis concerns: 

For one thing. there is tha t "U' in the pipe that connects the pressurizer to the 
main coolant loop. Tl1is "loop seal" could trap steam in the core, and this could 
trick the operators cnto thinking the system is full of water "hen it is not. 

12 The TVA analvst discussed his cnncerns with his friend at ACRS who agreed that this was an 

unreviewed safety item ~nd agreed to deliver the message to the NRC at the review meeting 

for Portland General Electric Company's license application. At the meeting the NRC was 

busy and the handwritt<:!n note \\as overlooked. 

The TVA anal)'St also sent a formal report to the B&W engineering headquarters in Lynchburg. 

Virginia. v.hich read: 
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A full pressurize r may convince the operator to lrip the HP! pump (emergency 
cooling system) and watch for a subsequent loss of level. Although this response 
appears desirable, a full pressurizer may not always be a good indication of high 
water level in the reactor coolant system ... 

The loop-seal configuration o f the pressurizer surge line allows the pressurizer to 
remain filled as the reacto r coolant system water level drops. 

In response to this information, the B& W chief engineer of the emergency cooling section 

issued a blunt memo to his superiors: 

This memo addresses a serious concern within ECCS Analysis about the 
potential for operator net ion to terminate high-pressure injection following the 
initial stage of a loss-of-coolant accident. . .. Concern here rose out of the recem 
incidents at Davis Besse. During the incidents. the operators terminated high 
pressure injection due to an appa rent system recovery indica ted by high level 
within the pressurizer ... 

I believe it is fortunate that Davis Besse was at an extremely low power level and 
extremely low burnup. [f this event occurred in a reactor at full power with other than 
insignificant burnup. it is quite possible, perhaps prob•ble, that core uncovery and 
possible fuel damage would have resulted. 

After ;i 'truggle with the people in customer service, the chief engineer convinced them to issue 

a caret ully "orded "<lrning about culling off the emergency cooling pumps. He did not know 

13 chat the new instructions were never sent because the Manager of Customer Services thought 

such a let1er would cause bad customer relations. 

For the next 13 months the plant operators at the eight B&W plants (including Three Mile 

Isl<•nd) remained uninformed of this problem. 

During those 13 months, NRC inspector Creswell called a meeting of all owners of B&W plants 

to irnestigate che pressurizer water-level problem. ·cnis was the first time a regional inspector 

h<id e'er called a meeting like this and the NRC management at headquarters was caught off 

14 g11 :1rd . Creswell"s supervisor was ordered to "shut him (Creswell) ur ... so two of Creswell's 

peers were asked to invest igate Creswell's allegations. They found no such problem. Only one 

of the peers was an engineer and neither had experience with the design of B& \V reac~ors. 

The two peers (not Creswell) attended the B& W Owners Group meeting called by Creswell. 

um! toh.l the members that lhe loss of pressurizer level was no longer under investiga tion and 

the >:RC apologized for chc mistake. This episode cemented Creswclrs conviction chat the 

regional office was not going to take action. 
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15 Since the investigation had begun, the NRC office in Chicago was tense: before Creswell was 

con,idered abrasive, now he was considered to be abrasive and immature. 

The day afte r the meeting. Creswell telephoned the Commissioner of the NRC, but spoke to 

the commissioner's assist~n1. Creswell considered the situation so urgent that he flew to 

Washington at his own expense, on his day off to meet with the Commissioner. As a result of 

th..: meeting, the Commissioner's technical staff was assigned to dig imo the matter and confirm 

it for themselves. Their repon was released March 23, 1979, one day after the accident ac 

Three Mile fslaod, wbere the 'cenario described above was repeated resulting in extensive 

dlmage to the nuclear plant and io the nuclea r industry. 
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Analysis of Communications 

The seven organizations involved in the communication breakdown which had a causal effect on 

bringing about the event at TMr were: 

L Nuclear Reactor Design & Engineering Firm - Babcock & Wilcox (B&W) 

2. Federal Regulatory Agency (as overviewer) . Nuclear Regulatory Commission 

(NRC) 

3. Owners of B& W designed reactors similar to n1l: 

a. Sacramento Municipal Utility District (SN[1JD) 

b. Toledo Edison Company 

c. General Public Utilities (TMl) 

4. Potential owners of B&W designed reactors similar 10 TM!: 

a. Portland General Electric ( PGE) 

b. Tennessee Valley Authority (TV A) 

The following analysis of the e,·enL~ leading up 10 the nccident at n!I examines the 

breakdowns in negative feedback communication within these organi1.ations as well as between 

them. The communication breakdowns are identified in the Sequence of Events section by a 

number in the left margin. In the following discussion. the breakdowns are categorized into a 

generic type of communication and the root causes of the breakdowns are identified/explored. 

Finally. specific solutions that have already been implemented "ill be discussed whe<e 

applicable. 

Lack of ."\egmive Feedbnck Communica1ion Chn nncls 

I. The coolant system design change that occurred during the la;•out of lhe plant was not 

effectively communicated, "hich resulted in the change not being adequately analyzed. 

No reference indicated whether or not B& W had well established horizontal 

communication channels to control design changes between the system design groups 
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and plant design group;. However, lhe final design dra"~ngs were not routed back to 

Lhe original designer for a final review. Formal horizontal channels must be set up 

between departments for purposes of planning, internetwork task coordination, and 

general system maintenance functions such as problem solving, information sharing, and 

design change feedback. 

Since the accid<:nl at TML B& W and oLher plant designers incorporated a feedback 

loop into the design process. With the feedback loop, the final design (called an "as­

built") is routed to the original designer for final review and approval. 

3. Even though there was a history of the POR V's tending to stick open and an extensive 

measure was taken to deal with Lhe problem (installation of the block valve), the 

operators at TM! failed to consider this as a possible problem in the early stages of the 

accident. This was due Lo poor disseminaLion of the historical information and a failure 

to emphasize the possihle impacts. 

Extensive corrective action was taken in the nuclear industry in response to this 

problem. An entire organization called the Institute of Nuclear Power Operations 

(INPO) was created with the mission to provi<le a communication network between all 

the nuclear plants in the country and foreign participants. In tum, INPO developed 

se,·eral systems to achie,•e this mission. Data bases were established which compile 

unusual or significanl occurrences at all the plant~ and then distribute the information to 

other plants "hich could ha,·e the same problem. A question and answer system was set 

up so that anyone at any plant can direct a question to the industry. Answers from the 

plants are made available to the industry. 

!:\"PO also performs audits during which they compare activities of tbe plants 10 each 

other. This result!> in a '"big picture" viewpoint which helps to put problems into 

perspective and iru:rease the rrohability that "real" problems will not be overlooked. 

5. B& \V soliciLed negative feedback in evaluating the problem at Davis Besse. The 

feedback was reported to senior management within B&W; however, the other eight 

plants with the same problem were not informed. 
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This was an example of negative fee<lback through vertical communication channels. 

The omiuing of horizonta l communication between B&W and the eight operating plants 

was one of the root causes for the TM! accidenl. The root cause for this omission of 

ho rizontal nega tive feedback was self-preservation by l3&W in order to maimain 

confidence of the industry and therefore future sales. This is still a source of negative 

feedback breakdown to<lay. 

6. The fact that there were pans missing from the valve was not communicated for some 

reason; for example, adequate te.-.LS were not performed to verify tbe valve was operable 

or a tack of quality perform<lnce ~xisted. 

2 . 

Since the TMI acciden t. extensive emphasis has been placed on Quality Control (QC). 

Check points and QC signoffs are now required during equipment installation and 

system o peratio nal checks are manda tory prior to returning the system to service. The 

company-wide Quality Control organization has authority to place "holds" on any work 

acti,•ities which are questionable until a safety evaluation is completed. In this way the 

QC organization acts as the insurance that negative feedback is adequately evaluated. 

Human Engineering Breakdowns 

This is aa example of a communication breakdown due to poor equipment design. A 

measurement of one parameter (pressurizer level) was used 10 infer the value of the 

critical parameter (reactor coolant level). In today's nuclear power plants, the reactor 

pressure is monitored directly. 

In conclusion, the more indirect a communication is, the less accurate and effective it is. 

Today the design engineer and the end user communicated on tbe effectiveness of the 

finished product through formal horizontal communication channels within each nuclear 

facility. 

4. In this case. the layout of the indicators in the control room did not allow the operators 

to visualize the systems as a whole. The poor design of che cont rol room had a direct 

impact on feedback communiracion of critical information from the electromechanical 

sensors located through out the plant to the plant opera tors. Since the Tl\!I accident, 
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extensive resources have been spent on the design modification of control rooms. In 

addition. technical support centers have been installed at every nuclear fadlity, which 

duplicate control room monitoring for support personnel. 

Mindset as Communication Barrier 

7. The chief analyst for the emergency cooling system understood the significance of the 

problem, yet he did not follow through by ensuring that the problem was acted upon, 

which resulted in a breakdown in communicat ions. 

Often when no formal horizontal or vertical feedback communications exist within a 

company, the motivacor behind the negative feedback is the drive, conscience. and ethics 

of the informed engineer. The ethics of the individual worker is significantly enveloped 

by the character or "mind:,et" of the company. Prior to TM!, the "mindset" of the 

nuclear industry as well <is B&W was that nothing could ever go wrong. The presence 

of this blinding "mindset" was targeted as a root cause for the TM! accident by the NRC 

special inquiry group. 

8. ·n1e B&W engineer had to auempt 10 "create a forum" because one was not already 

est.Jblished. Also, not wanting to sound like an alarmist is understandable because he 

would then probably be ignored. h is difficult to walk the line between sounding like 

an alarmist and geuing the message as well as its impact communicated accurately. Lt 

seems that most people tend to at least react 10 a strong statement; whereas, watered 

down statements are easy to ignore, write off, or "paper whip". 

Prior to TM!, the NRC had established policies and practices for resoh'ing technical 

disagreements and neg;nive feedback. However in 19i8 several NRC employees testified 

before the Senate on the ineffectiveness of these policies. Employees had been 

transferred and others had resigned after confronting adverse reactions from NRC 

management to negative feedback on important safety issues. With the ~RC setting 

that kind of e~ample for 1he handling of alarmists, it is understandable why the B&W 

engineer did not push the issue hased on his concerns. This was an example of the 

individual's ethics being compromised by the "mind-set" of tbe day .. l\fter nu. the 

.'/RC modified their policies for addressing negative feedback and in doing so set a 

"mindset" of acceptance and encouragement of negative feedback in the industry. 
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9. A likely reason why the B&W engineer did nm receive responses to his leuer is that 

the negative feedback was not supported by management and therefore, not take n 

seriously by subordinates. This resulted in the memo not being acted upon since it was 

not "required". No system was set up to identify common problems and communicate 

them through official channels with authority. Even today, effective negative feedback 

cannot work without management support. 

Breakdown due to Personality Confl ictS 

10. This was an example of top down communications where negative feedback broke down 

due t0 emotions. persona lity, and differences in sta LUs. The heightened emotional state 

of the manager i.:ause<l him to make his decision without even listening to his 

subordinates' side of the story. In addition. making decisions before the facts are known 

and unders1ood is a symp1om of an esiablished mindset. 

According to Reference 22, an "atmosphere of approval" must be created to encourage 

communica tions. 

15. Example 15 i.' an e~ample of personality conflicts resulting in dismissing of a negative 

feedback message. The root cause of this problem seems to have stemmed out of 

Cceswell's personality. He had a history of not being part of any group of friends that 

tend to be establi>hed at any organization. The solution of this problem should 

originate with the supervisor, who needs to break down the informal social organizations 

whenever they .[!,Cl in 1he way of effective formal organization. 

Organization Climate 

IL The actions of Cre.1well's boss display communication breakdown due ro the dimate of 

the organizat ion, "hich was shaped by former military personnel and decidedly inflexible 

and au thoritarian. The rule was that one does not question a superior. The existence 

of the superioMubordinate relationship is a given in any organiza tion. The relationship 

iL~elf cannot be eliminated. It follows that any basic removal of barriers lo negative 
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feedback must de~l with the task of mitigating tbe inhibiting effects of this relationship. 

Status differences must be de-emphasizes. 

Emphasis on status <lifferences is still ~ prevalent in the nuclear industry as a large 

percentage of the trained nuclear community are ex-navy personnel who never make the 

change to civilian management style. 

14. Upper management consciously broke do"''!l communications by telling Creswell to "shut 

up" and assigning two personnel who wece not qualified to investiga te the problem. 

Creswell had called a meeting of all the B&W plant owners to discuss the problem in 

an open forum. A meeting of this kind had never been called before by the NRC. 

Creswell's manager failed to see the innova1ive approach to a problem by holding this 

meeting and thus failed in his function as a change agent. This is an example of 

management consciously breaking down feedback communications due to fear of an 

innovative approach. Organilational resistance to change is still present in the industry 

today. 

Communication Overload 

12. ihis is an example o( negative feo;:dback through the informal organiza tion between a 

company and the regulatory agency. The TV A analyst tried 10 communicate through 

informal organization channds through his friend aL ACRS. The charter of ACRS was 

to provide nega1ive feedba<:k to the United States Congress on nuclear plant designs. 

The fact that the NRC overlooked the message from the ACRS is an example of 

communication overload. 111ere are limitations to the capacity of any individual or 

organization to receive, decode. and dfectively deal with communications. When that 

limit is reached. i1dditional information is ignored resulting in 3 breakdown in negative 

feedback. 
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Results and Conclusions 

From 1970 until l976 the Ford Pinto had a design flaw which increased the chances of a gas 

tank explosion when struck from 1be rear. During tbe design pha~e of 1he car several engineers 

,·oiced their concerns abou t the vulnerability o.f the fuel tank in the event of a collision. Their 

concerns "ere ignored. 

For eight years prior to the 73-second flight of the space shuttle Challenger on January 28th, 

1986. engineers at the National Aeronautics and Space Admin istration (NASA) and at Monon 

Thiokol knew that the 0-rings on the booster rocketS required redesign. On the night before 

the launch, a number of those engineer,; voiced their concerns to their superiors that the 

mission should be delayed because of the critical effect of the freezing 1emperature al Cape 

Canaveral on the integrit;• of the rings. 111ese engineers were overruled. 

For close to one and a half years before the !\•larch 1979 incident at Three "Mile Island (TMl). 

engineers at three separate companies and within the Nuclear Regulatory Commission were 

aware of the design flaw of the Babcock and Wilcox reactor and the ultimate con>equence of 

thm flaw. Not less th<Jn five: individuals communicated their concerns. recommendations. and 

warnings 10 their superiors without success at initiating corrective action. 

In each of these three cases. prior to the disastrous consequences. engineers identified a design 

probkm, attempted to communicate its signif icance to their superiors, and offered solutions to 

the problem without succe>s in initialing corrective action. For the purpose u i this paper. tbese 

attempts at identifying. communicating, and resolving a significant design thw by an individual 

while working within an organization is referred to as ·negative feedback". 

A model of communicntions without negath·e feedback consists of a sender. a ch•nnel of 

communication (verbal. wriHen, or physical) and a receiver. With neg<>tive feedback. the sender 

hecomes the receiver and the receiver the sender, while the channel of communi~ation may 

heromc less direct as illustrated below. 
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Normal Communication Channel 

SENDER/"RECEIVER ------- ------------> RECE!VER/.SENDER 
I 
I 
I Problem 
I 

Negat i ve Feedback Channe 1 I 
+--- -------------------- - - - - - - - -- - - -- -~ 

"NEGATIVE FEEDBACK COl·tl~UNTCATION 

Successful negative feedback accomplishes redirection of the action while the lack of. or failure 

of negative feedback allows the action to continue, possibly resulti ng in disastrous events such 

as Lhose which occurred in tbe three case stud ies. 

In order 10 determine why breakdowns in negative feedback occur. the componen ts and 

necessary conditions of an effective negative feedback system were first identified. 

The sender of negati,·e feedback must: 

a. Become aware of the need for negative feedback. 

b. Have significant motivation LO champion the feedback. 

c. Identify a receiver. 

d. Select a feedback channel of communication. 

The communication channel for negative feedback can be: 

a. An establi>hed policy of vertical and horizontal communications. 

b. A fonctional organi?.ation responsible for communica tions. 

c. Infonnal communications. 

The rei;civer of negative fe.:db;1ck must: 

a. Be awa re of the feedback. 

b. Have significant m0Liva1ion 10 understand the feedback. 

c. Make a sound decision of the valid ity of 1he feedback. 

d. Have significant motiv<11ion to champion the feedback. 
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The stages through which negative feedback communications progress involve essentially the 

same stages through "hich an innovative idea progresses: 

Stage I 

Stage 2 

Stage 3 

Stage -l 

Stage 5 

Stage 6 

Idea realization 

Em introduction into the system 

Opposition 

Lukewarm support 

Confrontation 

Resolution . idea dropped o r accepted 

During the first stage. the "champion" of the negative feedback realizes the problem and 

commits himself to introducing the feedback into the system. During the second siage the 

champion utilizes whaiever organizational channel~ for negative feedback are made available to 

him, or creates his own. In the third s1age, the champion meets opposition to change. The 

source of the opposition is the unwillingness of the organization 10 accept change. This close 

minded outlook towards change is referred to as a "mindset" throughout 1his paper. Once 1he 

goals and objectives of the organization are established and the timetable to reach those goals 

is set, a degree of mindset has been established. The flexibility of the mindset is a function of 

the organization's ambience (climate). 

In stages 3 through 5 tbe success of the negative feedback is in halance between the personal 

drive of the champion and the reluctance of the organization 10 accept the negative feedback. 

In stage six the negative feedback is either accepted and the action is redire~ied for a successful 

completion; or the negative feedback is rejected and the action continues until the problem 

resurfaces. 

In the three case Sllidies. the negative feedback proce<s "as unsuccessful and the problems 

resurfaced with catastrophic.: consequences. During the onaly~es of the three case studies. three 

general categories of barriers 10 the negative feedback proces.s were identified: psychological. 

sociological, and mechanical. 
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Psychological Barrici> 

:\egative feedback begins with an individual identifying a problem and being compelled 

to champion its correction. The first place where a breakdown in negative feedback 

communication can occur is in that individual. Obstacles to the birth of tbe sender's 

awareness of a problem are based on his intellectual abilities, his mindset for identif)~ng 

ideas separate from his pc:\ers or superiors, his persiste nce to do what his e chical conduct 

dictates is right, and his personality. 

Negative feedback remains incomplete until the receiver also develops an awareness of 

the problem and a need for the solution. Obstacles to the completion of negative 

feedback are also based o n the receiver's incellectua! abilicies, mindset, personality, 

personal ethics, and persistence 10 do what his ethica l conduct dictates is right. 

The fact is that individuals are involved in communication and, because individuals have 

diffe rent pi:rspectives, the intent is sometimes lost in the communication. This 

miscommunication b.:tween individuals is defined as a psychological barrier. 

Sociological Barriers 

The second general barrier to negative feedback communication arises fmm the 

organization's ambience. which is a result of interac1ions of individuals. Oreanizational - -
ambience is molded b)' the type of management employed. (such as authoritarian versus 

participative) and upper managemem's attitudes, belids, values and ethics. It is 

impossible for negative feedback to work for 1he betterment of the organization if it is 

stifled at the highest ma nagement levels. 

The mindse t resultine from the ambience of the org<1nita1ion has a s1 ron• influence on - e 

how successfu l negative feedba.:k will be in a particular organiution. 

Mechanical Barriers 

111e third cause for a breakdown in negative feedback communication comes from the 

structure of the organi.wiion. An organization which does not provide forma l channels 

for negative feedback actS as a mechanical barrier to success. 111e lack of a functional 
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organization responsible for inter-departmental coordination, the lack of training in 

communica1ions, the lack of emphasis on the importance of negative feedback 

communications, and geographical dispersions are all examples of mechanical barriers. 

Tue pla)~ng field on which 1he mo1ivators and barriers of negative feedback play a tug 

of war is the channel of communication berwcen the sender and receiver. Established 

channels for nega1ive foedback work to enhance the motivators while lack of established 

channels is a barrier. 

During the analyses of the three case studies, the root causes of the breakdowns in negative 

feedback communications were investigated. While the de1ailed analyses are covered in the last 

section of the individua l case studies, 1he following serves as a summacy. For each case study. 

the root causes for failure of negative feedback were identified and cacegorized under the three 

major headings: psychological. sociological, and mechanical. 

I. Psychological 

A. Compromise of personal ethics 

B. Oifforences in individuals 

U. Emotions 

C. Personality differences 

IL Sociologkal Barriers 

A Mintlset 

I. Li ncompromising importance of goals and objectivc!S 

2. Duty of loyalty 

B. 1\lnnagement isolation 

C. Engineering credibility 

D. Org(tnization ambience (cl imate) 

l. Can '1 do wrong attitude 

2. Ritualization of organization process 

IU. Meehan ica I Barriers 
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A Organization Structure 

B. Lack of established negative feedback communication channels 

C. Functional responsibilities 

D. Geographical dispersions of the company 

111e steps thal can be taken by indh~duals and managers lo foster successful negative feedback 

wi thin organizations closely parallel the three types of barriers. 

To compensate for the psychological barriers, management and individuals must be made aware 

of their existence and their intluence on effective communication. One option that can be 

exercised by management is Lo develop hiring practices that screen for professionals who 

consider negative feedback communication skills important. 

The role of personal ethics is important in negative feedback communication. In many cases 

the indi,~dual engineer must walk a fine line between upholding his personal ethics by pushing 

lo get lhe concern resolved and being perceived as an alarmist, which may ieopardize his 

position. Engineers ha,•e lhe responsibility to uphold their personal ethics regardless of the 

management environment. 1f the engineer is awa re of a situation lhat compromi~<:S the safety 

of the customer or public. then he is morally obllgated to report the concern 10 management. 

If management does not act LO correct the situation. a number of options are open to him such 

as: 

• Communicating lhe problem to professional societies. such as the IEEE. 

• Communicating the problem to the press. 

• Communicating the problem to the Inspector General. 

l\lanngement must strive lo create an environment irl which personal ethics do not have to be 

compromised. One way is to encourage the practices outlined in the code o t ethics of 

engineers. which is a good platform on which professionals can build their o"n personal code of 

<:!lh1c.~ for specific situations. Management can also set the right climate hy emphasizing ethical 

values and social responsibility as much as economic efficiency. growth, and loyalty. 
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