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Abstract
Analysis of work activities in nuclear industry leaighlighted a new psycho-cognitive phenomenaa: th
Structuring Effect of Tools (SET) sometimes leadimgnexpected operating deviations; the subjeatéble to
perform a task concerning object A using or adgpdirool designed and presented to perform the saske
concerning object Bwhen object Ais expected leystibject. Conditions to isolate and identify tRel Svere
determined and reproduced in experiments for furahalysis. Students and seven professional ca¢sgofadults
(N=77) were involved in three experimental conditintrol group, group with prior warning, grouptivfinal
control) whilst individually performing a task wiimilar characteristics compared to real operadiowditions and
under moderate time-pressure. The results wehigliest performance with prior warning, i) demoagon that
academic and professional training favor the SHETerAliscussing different cognitive processes pidéinrelated
to the SET, we described iii) the psycho-cognipvecess underlying the SET: Initial Goal Fixedn¢&s), a
combination of the anchoring of the initial goaltbé activity with a focus on the features of thi¢gial goal favored
by an Einstellung effect. This suggested copingphie negative effect of the SET by impeding thE t&ther than
trying to increase the subjects’ awareness atxperee of their health. Extensions to other higk imdustries were
discussed.

(wc=222)

Keywor ds : Performance; Fixedness; Attentional control; Fléitib
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1. INTRODUCTION

1.1 Operation and safety constrained design

Exploitation of high risk industrial socio-technicystems implies a high level of safety and ofkvor
activity reliability. For example, regarding nudéadustry, the production division of Electricile France (EDF)
always tries to find organizational solutions ider to reinforce these lines (see for example: ag B004;
Fauquet, 2007, 2008). In parallel, the French naticegulator, involved in the same safety concgresmanently
watches the ways plants are operated and hasispegjfirements aiming at contributing to a higlesel of safety.
Careful analyses carried out of safety eventsémtitlear power plants (NPP) produces recomme neatiat are
integrated in procedures. Safety events are urabdsitechnical or organizational events where theturrence
combined with other factors could bring the contrbthe installation into question. Yet, when these
recommendations are combined with the integratfidheaforementioned requirements of the regulahis, may
sometimes result in difficulties in applying procees: they integrate information to perform thetasformation
to respect the operational and safety requiren{Butsssard & Fauquet, 2002), and additional infoionartesulting
in the feedback issued from the safety event ais{ifauquet, 2004). Furthermore, procedures maplbated by
operating details due to the belief that it is fimesto put know-how and skills in writing. Afterare than 10 years
of existence, the final procedures may be fourdithe volume of what is strictly necessary to usiderd how to
carry out the task, and may lead workers to “cdwekidooks” rather than understanding what theymithi$ case,
the risk of being engaged in an uncontrolled stmact manner to perform the task becomes possilh@uti being
able to notice and deal with an unplanned detatitiay resultin a mistake or an error. This yietdsxplicit or
implicit regulations that constrain actions anetrattions within the socio-technical system (HasEr&estrom,
2000; Béguin & Clot, 2004; Bruno & Munoz, 2010). \d&n see that, paradoxically, what is implementettié aim
of reinforcing safety and reliability may thwarefe goals in certain conditions. These concernsvedt analysts
at Chinon NPP (Fauquet-Alekhine & Boucherand, 2GHLquet-Alekhine, 2011) to focus on events invaMhe
use and application of procedures. They discovératl amongst the safety events involving causabfa linked
with the application of procedures, up to 50% pnése similar and surprising contextual featuresdimafter

referred to as the “SET conditions”):
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» the workers were individually involved in one adtyy

» were experienced in their position,

» were perceived as trustful and conscientious by thenagers and peers,

» knew the activity well having already performedaveral times,

» could explain exactly what they had to do durirg &ltivity afterwards,

» claimed afterwards they knew what to do when thexfopmed this activity,

» were not distracted during their activity,

» were not stressed as there were no high stakegreong their task and not specially pressed by

time.
When they were asked to describe what they megatding this last point, they explained that theyl ko do their
job quickly as further tasks were expected of thiemt,there was no rigid deadline to achieve thiidytind there
was no emergency. In other words, on a three-knede (see appendix) regarding ime pressure flawderate and
high), the analysts concluded that the time prestwel was between low and moderate. Some of ety
events involving the use of procedure were expthlnean unconscious shifting of the objective ef Hctivity.
This phenomenon has been studied and conceptualszghere (Fauquet-Alekhine, 2012c). The remaisirents
were seen as a possible result of a structuriegedf the procedure, the tool used to perforntabk. To illustrate
this finding concretely, an example is given heteraf
Example #A: “power variation” [2-121609] In the dmt room of the nuclear reactor, the pilot (15rgea
experience) was using a procedure in order to &ser¢he neutronic power of the reactor and haglsjoect the
gradient to reduce possible interaction betweeriuglepellets and the sheath inside the core. Qabjtive slopes
were taken into account by the pilot (correspondinimcreasing power) although he knew he shoule taken
both positive and negative slopes into accountr @elast 12 months, this kind of deviation haggened several
times in the same conditions and with differenjscts. Nothing indicated what made the pilot acting way
except an assumption regarding the structuringedéfethe procedure.
Alerted by this atypical context involving the stturing effect of tools, analysts decided to idignti

previous similar cases implicating other kindsaufl$.
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Tools may take many forms. The Merriam-Websterialietry suggests that a tool is i) a handheld device

that aids in accomplishing a task, i) somethingfsas an instrument or apparatus) used in penfigr em operation
or necessary in the practice of an occupation afepsion, iii) an element of a computer progranciisas a
graphics application) that activates and contrglardicular function, iv) someone that is used amipulated by
another. We may summarize these possibilities lisavf& a tool is an interface between the subjte bne who
plans the action of transformation) and the obpdetork (that which will be transformed accordimgthe subject's
act). It establishes the relationship: subject-tiigect of work where the tool is a mediator. Tjhigs the concept
of artifacts and their mediating role within theiaty suggested by the Activity Theory (Leontieh74; Nardi,
1995). Bibliographic research concerning the tetonl” in the title of the articles suggests mangestmeanings;
these are a few examples: a method of analysisflesp 2001/2006; Bernstein & Boyden, 2012), the (&lardi,
1995), a medical placebo (Bishop et al., 2012)lydical models (Brekke & Moxnesb, 2003; Lavya & 84y,
2010), management and evaluation tools (Maggih,e2@11; Samuel & Tenenbaum, 2011; Shipman e2@l12),
training and interactive tools (Leshcheva et &1@ Meyer, 2010; Rodriguez et al., 2011), decisigpport
(Perimenis et al., 2011) and organizational toBlggn, 2012; Torija et al., 2012).

When reinvestigating safety reports over four y€a899 to 2012) focusing especially on events prisg
the aforementioned “SET conditions”, an averageioence of 5.75 per year was found for events plysthked
to a structuring effect of the mediating artifatie(tool) between the subject and the object okwidere are some
examples of similar cases of structuring effechwdifferent tools.

Example #B: “relay rack” [ref: 1-050510] The autdisen technician used a mobile electronic device to
perform a periodic test and applied the instructilmad on the screen of the device on a rack athdweoncerned
another rack; he did so despite having doubts whieing the instructions and despite what wagevribn a paper
procedure he had with him but did not used. Thgestiexplained afterwards that he concentratedthéstion on
what was required by the electronic device. Thikttean automatic scram. The object of work wageley rack
and the mediating tool was the electronic device.

Example #C: “core temperature” [3-082011] An opiegateam manager (10 years experience) verified the
reporting section of a procedure of periodic testplving several tens of values. The verificatmomcerned the

nature of the values and their correctness. Whealktihg the temperature of the nuclear core, thaevads
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checked by the manager but not its nature. The geartberefore did not notice that the temperatéitbertank
cover was reordered rather than that of the taelfialthough he knew perfectly well that the lagould have
been used. Afterwards, the manager explained ¢hhat probably focused on as little informatiopessible
certainly to be more efficient. Despite the absenfa@nsequence on the process, this was a daviiitio the
expected quality. Nothing could explain this dedatexcept the assumed contribution of the strimgueffect of
tools. The object of workwas the reporting sectbthe procedure and the mediating tool was thetatgrotocol
applied to verify the report.

Regarding the French nuclear industry, the possitalesback of the Structuring Effect of Tools hagegi
rise to operational solutions (Le Bot, 2004; Faug®@07; Theurier, 2010; Fauquet-Alekhine, 2010,220
Fauguet-Alekhine etal., 2012) based on Ras mus&R¥Ksmodel (Rasmussen, 1983; Rasmussen et al., 2000)
and considering the “SET conditions” as involvingrkers in routine activities (AIAE, 2002; INPO, Z)1 The
“SET conditions” were considered to produce Skiltéd behavior (S of SRK), occurring when the cardéfers
the subject all cues needed to know which actidretapplied, taking “place without conscious cdraosmooth,
automated, and highly integrated patterns of behayRasmussen, 1983: 258), and applying “duringifiar
circumstances,” when “sensory-motor routines teete of the direct control of integrated patternsnof/e ments”
(Rasmussen & Svedung, 2000: 61). “CharacterisyicsKilled performance rolls along without consd@itention
or control” (Rasmussen, 1983: 259). This levehiréfore characterized by the application of rastiwith a low
degree of attentional control in the context ofjamiliar activities.

The investigation of safety reports showed thadeiated kind of safety events then significantlgreased
in 2012 and there were no cases in 2013 nor ifirdtesemester of 2014 (further data is not yeilaisée). However
this improvement came with the conjunction of taotbrs: i) application of operational solution§ hiigh staff-
turnover with a large decrease in the number oéeapced workers (Fauquet-Alekhine, 2015). Thst fioint
suggested that organization coped with the prolilainthe second point suggested that it became difficit to

detect the “SET conditions”: the features “wereerignced in their position”, “knew the activity wahving
already performed it several times”, “could explakactly what they had to do during the activitigafards” and
“claimed afterwards they knew what to do when thesformed this activity” were no longer encountered

Therefore, the reduction in SET events might b& sesea te mporary reduction and this suggests #ppearance of
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the phenomenon in a few years. We could also asshanéhe SET remained present in activities Isudiettection
was made more difficult as the conditions favorngeasy identification were not fulfilled.

These concerns led us to try to improve underst@noli the phenomenon which has not yet been
conceptualized according to bibliographic researtis paper aims at proposing the theoretical kegtp of the
Structural Effect of Tools based on a previous g{léuquet-Alekhine & Boucherand, 2012) enrichethwi
additional experiments. The results might serve basis in order to enhance new solutions to caftetihe
Structural Effect of Tools.

1.2. Structuring effect of tools and previous gudy

Based on work activities observations and analysesStructuring Effect of Tools (SET) has been
commented in a previous study (Fauquet-Alekhineadherand, 2012): “sometimes workers could be imabin
a human error or a deviation leading to a majos{gnificant) event even when they were updatednadtgg the
task, were experienced, were well-informed aboaitatttivity, knew everything about the job, were toat self-
confident. Indeed, nothing could explain the resuttept making the assumption that the tools usgerform the
task under time-pressure could have led them tevket” (p. 63). More concisely, the SET appeatsetohe
restriction of the subject's field of consciousnessist performing a work activity with contextugatures referred
to as “SET conditions” in section 1.1 favoring thtsucturing effect.

The SET being an observable phenomenon, we contlegperiments in the aforementioned previous
study to determine whether or not there was abietlwveen the SET and workers’ academic or profeaktoaining.
“The assumption that some professions or acadeagikgoound could have such an outcome was made after
specific training sessions involving groups of wasektaking psycho-technical tests: it appeare@fample that
some professions were more successful taking éntesving the Stroop effect [Stroop, 1935] thahents” (p.63).
In other words, we sought whether or not there avegecific acade mic background of a particulargesibnal
experience that could help the worker not to bepea by the SET. For this aim, we invited workerseven
different professions in nuclear industry plus dditional category of students to individually takéest with a time
limit, called thereafter the “Letter-test”. Theltagas simple: it consisted in counting the lettstéch height was
less or equal to 5 mm on five boards, each boad®rmp of 3 lines of letters (Figure 1). For thisgmse, the

subjects were given two different tools: the classier or a mask presented as specifically desi@methe task


https://www.researchgate.net/publication/232533481_Studies_of_Interference_in_Serial_Verbal_Reactions?el=1_x_8&enrichId=rgreq-2577be21-8cb4-43c3-bc20-c75f772f6cd8&enrichSource=Y292ZXJQYWdlOzI4Mzk0MzU1NDtBUzozMTIyODA0OTgwMTYyNTZAMTQ1MTQ2NDg4MDA5Mg==

Structuring Effect of Tools & Initial Goal Fixedrnes

8
(Figure 2). The subjects had to choose one ofatbetdols before beginning to perform the task,dmuld exchange

tools as they wanted during the activity. The desifithe Letter-test was made in order to put satjie similar
“SET conditions” to those encountered in the afarationed events observed on Chinon NPP: subjects we
individually involved in one activity, were expenged regarding the proposed task, were perceivedrasientious
by the experimenters, could explain exactly whaythad to do during the activity afterwards, clairadéterwards
they knew what to do when they performed this @gtiwere not distracted during their activity, wemot stressed
as there were no high stakes concerning theiraadkvere submitted to low to moderate time preskaveng being
told that their activity was being timed. The “SEdGnditions” defined the controlled variables, thefpssional
experience and academic background were the deptevatéables and the independent variable was the

performance.

Figure 1: Example of board made up of 3 lines tiéts and used for the letter-test.
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Figure 2: Thez %a;k:épeé;ally-aesigned fé; the thslng the Letter-test}'ié a bla'c;TIZ square printecion

transparent slide with three lines of windows.

The experimental condition inwhich the Letter-was taken is called the "one-by-one" conditioe: th
subjects had to check each board without seeingttiees, and when they gave the board back tegearcher,
another one was given to them but they were nowvaldl to watch again the previous one. At the erttietest, all
the boards were gathered and the subjects wemdlowed to see them anymore. The trap residede rfett that
each line of the last board had an extra lettéet(@rs per line instead of 8) which could not bee@n using the
mask.

The result was 11% success (success meaning tindetiter was dealt with and all counts were ridot)
all categories=57) and the proportion of subjects conscious efrilmth letter was 0%. When differentiating the
industrial workers from the students, the resuls 8% success for workers (age range: 25-50 yo.b@#elsuccess
for students (age range: 9-14 yo.). Among the warkao particular profession or academic background

characterized those who succeeded.
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While performing the task, observations allowedousee the strength of the SET. These are relevant

examples extracted from the previous study (Faugledthine & Boucherand, 2012):

Example 1: Some subjects (less than 10 caseg) titeemask for all the boards by raising the
mask several times to see the letters under th&. éost of them were looking for the letters
matching in the windows. They did not notice lett8ralthough it is perfectly visible when you
are aware of it.

Example 2: One subject came to the board #5 (wkehe trap), put the mask on, counted the
letters, and had a doubt concerning the last ldtsgrappeared on the right of the line #1. It was
'b'. He removed the mask, took the ruler and meadetter #9 which was an '0', put back the
mask, recounted the letters and did not noticettimtast window of line #1 was a 'b' and not an
'0". (subject EMTO01)

Example 3: One subject chose to align the maskenight column of the lines: for each board,
he put the mask adjusting the right-hand windowsherright-hand column of the letters, column
#8. Came the board #5: he did the same, and alidpeadght-hand windows of the mask on the
right-hand column of letters, here column #9. Tnieduced a visible shift for the experimenter-
observer as the mask could be seen to have gon¢eheveght edge of the board. But the subject
noticed nothing and therefore dealt with lettefo#® could not manage letter #1 hidden by the
mask (in statistics, this case is registered agpawt dealt with the letter #9). (subject EMT04)
Example 4: Four subjects performed an initial calntrhich led to accepting the mask using only
the middle line windows. Their goal was to workhvit dedicated tool (which works fast) but also
reliable: considering then that the opening oftteand the bottom window lines of the mask
were too large, they applied the mask on the basmidsng the middle window line on each line
of the board. Doing so, when they came to boardetter #9 of lines #3 and #1 became visible,
offset from the windows of the mask (subjects CEM@@2, P04, TPO8 (line 1)) (Figure 3).
Example 5: One subject took the Letter-test inampofacing a window, and decided to raise the

mask holding the boards vertically. A posteridrivas verified that letters #9 of the board #5 were
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slightly visible despite being covered by the maddwever, the subject did not see them. (subject

SSJO06).

e B B0 EE @D IR £

pe maE LU ERED Tw LI B

Figure 3: Example of subject shifing the mask whsing only the middle line. The ninth letter of thirst
line is circled inred and clearly appears as kgilugnto the ninth column. Despite the fact thad ibbvious for the

researcher, the subject did not notice it in al ¢hses observed.

The conclusion of these experiments was that ncifspprofessional experience or academic backgioun
could help the workers to avoid the powerful Sticty Effect of Tools because it was preciselyghefessional
and academic training that had formatted them andexl them to be subjected to this effect A plessitiution
was to break the effect whilst performing the task.

After these experiments, two questions were ragsetlled to additional investigations. Firstwag thast
of the subjects trusted the researcher regardimeettability of the mask when the test was intraetlito them
suggesting the mask as a tool designed specififmilthe task (reminding us of the famous obedidn@uthority

highlighted by Milgram, 1973, 1974): very few maxtrol measurements of the window size while tfst &nd
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last rows could be assessed as not conform degeadithe accuracy of the controlling measurem&esond, the
“one-by-one” condition of the Letter-test did ntibev the subjects to perform an overall controtladir activity,
though itis required and demonstrated as an efiidool in their daily job (Fauquet-Alekhine, 2@)2Therefore,
two conditions were implemented in the frame oflthéer-test described in the following “Methodcdien.
2.METHOD

2.1 Design

The Letter-test was fully described in the previpaper (Fauguet-Alekhine & Boucherand, 2012) and
briefly in section 1.2. Subjects were asked toviullially take the Letter-test with a time limit @sting in counting
the letters which height was less or equal to 5anrfive boards, each board made up of 3 linesttfrke(Figure 1).
For this purpose, the subjects were given two wiffetools (the classic ruler or a mask presergexpacifically
designed for the taskin Figure 2) and they hathtmse one of them before beginning the test éwaugh they
could switch tools during the activity. The expeeints were undertaken in each subject’s personekoffhe test
being timed, time-pressure was low to moderatedppendix).

The previous study was conducted with one conditio® “one-by-one” condition. During this experimhen
subjects checked the board of letters one aftethanoThey were not allowed to watch again the @®already
checked. It was enriched in the present study tmithother conditions.

The first additional experimental condition was thgor warning” condition. As written in section2,
observations showed how much the subjects trustetesearcher responsible for the test. In ordereak down
this trust and to create an opposite feeling, drieeoresearchers repeated on the phone exacthathe sentence to
each subject just before the test: “Soon my colleagjll come to see you and suggest you take aBestareful,
there is a trap. Iwon't tell you more, just beafat.” Then the subjects took the Letter-test alavith the other
researcher as per for the “one-by-one” conditidre @ependent variable was awareness and the indigen
variable was performance.

The second additional experimental condition was'flnal control” condition. Subjects were presehte
with the Letter-test as for the “one-by-one” coiatitand were warned about the mandatory overalirgloof the
activity they had to perform at the end of the\agti For this aim, after the “one-by-one” stepgytwere given

back all the boards for them to perform the firattcol as they wanted. As in previous experimethis test was
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taken individually and presented to be done urides-pressure. The assessment of the performanceandsd out
as it had been for the previous study: successreladated when the ninth letter was dealt with ali@ounts were
right. The dependent variable was final control #relindependent variable was performance.

In order to understand mechanisms underlying thE 8&ults of the Letter-test were used as well as
observations of subjects taking the test and th&érviews after the test. These materials werelioed with
observations, interviews and analyses relateddusitnial events of real operating situations (Fatg2004, 2005;
Fauquet-Alekhine, 2012a). The test was taken fatliagesearcher which allowed him to observe chyethe
subject’s attitude and way to perform the task.

These three experimental conditions and the refartetcol were approved by the Ethics Committethef
Laboratory for Research in Sciences of Energy.

2.2. Subjects

The study was previously conducted with the soeddibne-by-one” conditiorN=57) involving
professionals from the French nuclear industry (agee: 25-50 yo.) and students (age range: 9-4 Sach
number of participants was necessary to obtairfizieat number of participants per professionakgary (thus
ensuring a satisfactory representatvity of thdes) which was one of the experiment variablesvédound that
this variable did notinfluence the results amdreadult population, the additional conditions desi for the
present study involved workers (from Chinon NPB fomm the operating trades only, whatever theofggsions in
the French nuclear industry, with 10 participargs gxperimental conditiolNE20; age range: 25-50 yo.; 100%
male subjects as women are rarely involved in ¢jara jobs in this industry, their proportion angooperational
workers intervening on the industrial process béesg than 0.5%). The distribution of the subj@etsgroups gave
rise to preliminary statistical calculations inerdo verify that a t-test of Student regardingdhenparison of the
mean performance per group could be relevant. Weddhat the statistical power would be greaten th& and
concluded that 10 participants per additional ctimdiwould be enough.

2.3 Procedure

Subjects were met individually in their office amdre all volunteers. They were told that resultaidde
analyzed respecting anonymity. For subjects iniwnethe “prior warning” condition, they receivettktphone call

just before the face-to-face contact. For subjentslved in the “final control” condition, they wertold a final
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control would be asked of them at the beginninthefexperiment. The researcher explained thathifextive was
to test the efficiency for individual simple tasding tools.

The activity of the test, the board and the toaserpresented. Subjects were told the activitytbdms
performed in a minimum of time, individually, thest being timed.

After checking the boards, for “final control” catidn, subjects were given back all the boards tiogre
and asked to perform a final control as they wanted

Then the researcher gave the results of the ing@vigerformance assessment to the subject, exgl#iee
actual objective of the study, asked question®toptete the observations, and answered the subjgegstions if
any.
3.RESULTS

3.1 Quantitative results

Performance assessment was binary: success oefdluccess was stated when the right numbertefdet
was identified, the size of which was less or edah 5Smm, including letter #9. All participantseeded in
detecting the letters among the eight first onedipe, but less detected letter #9 when expedibd.corresponding
percentage is given in the first line of tablenladdition, fewer were conscious that the lastdhpaesented an
additional letter. The corresponding percentaggven in the second line of table I. For examptethe “one-by-
one” condition, no subjects were conscious of iétBeeven when detected.

Student t-test comparing values showed a signitidéierentiation <.001). Statistical calculations

showed that the statistical test power was grehaer 0.88 which confirmed the consistency of tha.da

Table I: Quantitative comparative results for eagperimental conditions of the Letter-test in tewhs

performance.
1) one-by-one 2) Prior warning 3) Final control
Deals with letter #9 11% 71% 30%
Deals with letter #9 and aware of 0% 43% 20%

the presence of it
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Results showed that the best performance was eltavith prior warning inducing a deconstructed
condition of confidence between the subject andebearcher. A median performance was obtainekiffinal
control” condition, but it must be noted that tlentol was not under time-pressure. In fact, fboéthe subjects
involved in the “final control” condition, the caot phase took more time than the activity itseldor most of
them more than twice the time. If efficiency is eegsed in terms of performance/time ratio of tké,téhen the
“prior warning” condition was much better than titber conditions.

The ratio between the number of subjects who dé#htthe ninth letter and the number of subject®wh
were conscious of the ninth letter was very closegch condition “prior warning” and “final contfptesp. 60%
and 67%. For the “one-by-one” condition, none efshbjects noticed letter #9, whether it was deiht or not.

3.2 Qualitativeresults

Regarding the "final control" condition, most oéthubjects chose the mask to perform the timed sk
opted for the ruler during the control ina redumgaapproach.

Observations of subjects taking the Letter-testels as their interviews after the test, combinéthw
observations, interviews and analyses relateddusitnial events of real operating situations (Fatg2004, 2005;
Fauquet-Alekhine, 2012a), allowed us to identifjanaharacteristics of the SET.

As for the “one-by-one” condition presented in gatill.2, observations made during the realizatifon o
“prior warning” and “final control” conditions shad how the tool structured the activity and seetoddcus
attention on certain informative clues, thus hejgimachieve the goal, and shadowing peripheratinétion.

When the Letter-test was presented to the subfectbe "one-by-one" condition, subjects asked sdve
guestions to be sure they understood what theyohdd correctly. Some of them repeated what thely ha
understood of the task before performing it.

Two behaviors were observed:

* Subjects immediately trusted the researcher arepéed the mask and ruler as reliable.

* Subjects undertook a verification of the mask befoerforming the task: some of them took the
ruler and measured the window height on the makkrefandomly, or for all of them; others
applied the mask on the board #1 to verify the matc

Very few subjects decided to use the ruler withautfication.
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Depending on their findings once they had verifithjects used the mask or a part of the mask (see
example #4, section 1.2). Interviews showed thanthsk was preferred as an industrial tool allovtongerform
the task faster, and that their concern regardneg-pressure was salient for the industry profesgfo(adult
subjects) whereas it was of secondary order fostindents. After the test, adult subjects explathatithey
preferred using a dedicated tool to perform a task.

For the subjects who did not apply any control kefbe task, they explained after the test that thested
the tool as it was presented as dedicated to shkedasigned for it.

While performing the task of the Letter-test, sosubjects had doubts and implemented strategies to
ensure the correctness of their work (see exaniildés 5, section 1.2). Several subjects behavédthe example
#2 for other boards except the fifth one. Theyratmentioned in the examples of section 1.2. Nbedass, very
few of them applied a control throughout the tesst of the time, awareness was visible at therinéxgg of the
test, for the two first boards, and, afterwardjeats performed the task in a routine mannertivese subjects
who did not apply any control at the beginningtef test, performing the task in a routine manneneceery early.

When the Letter-test was presented to the subjectse "prior warning" condition, subjects showed
having doubt throughout the test. Preliminary messant of the windows of the mask was systematciimore or
less efficient manner but every imprecise measunéfed to the mask being taken away and to thetidee ruler:
nobody decided to use just the middle line of tlasknInterviews of the subjects showed that theywenstantly
looking for a trap. Itis the only condition for ieh subjects did not seem to engage the mselve santme task.

In the case of the "final control”, the qualitytbé control carried out at the beginning of the &ggpeared
to be similar to the one occurring for the "onedne" condition and then subjects engaged themseiaesoutine
task. As the final control was not timed, the cohtasted longer than the identification of thades (the task itself).

Regarding the examples presented in section 1s2reétions showed that the subjects did not st #9
while adopting behavior or method that made théhrletter visible; this was clearly seen by aninfed observer
such as the researcher. During the interviewsftifflatved, subjects explained that they did notaegthing
suspicious while performing the task, but they dmdt explain why.

All subjects confessed that time-pressure was anitant factor in that it orientated their choioe the

tool used to perform the task and made them cémearattention to the relevant factors usefuldbi@ving their
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goal. This was different for most of the studentowexplained that the main point was to controltthey had to
do; in this objective, working with the ruler aetheginning or later during the activity was thererappropriate
choice.

4. DISCUSSION

The discussion takes two directions: one concdm@érformance, and one concerns the psycho-cegniti
aspect of the Structuring Effect of Tools (SET).

4.1. Successful solutionsfor better performance when submittedtothe SET

As reported in sections 1-2 and 3-2, the industviaker categories were less successful when dgealith
the ninth letter compared to the student cateddydies undertaken on diversifying experience awaep of
hierarchy may give elements of explanation. Rigteal. (2012) showed that "a diversifying expereendefined as
the active (but not vicarious) involve ment in amsual event - increased cognitive flexibility mahen active (or
vicarious) involvement in normal experiences" @10 In the light of this conclusion and considgrimork in a
nuclear power plant context, the Letter-test wassittered as a "normal experience" as it lookeddikemmon task
in terms of protocol: use of anindustrial tooberform a routine task made up of taking measuresnamer low
or moderate time-pressure. The flexibility commormy form of acquiring information (Dinet et £012) seemed
to be effective only at the beginning of the cagrifprocess summoned during the activity. Thud ttger-test did
not offer conditions favoring creativity throughgutive flexibility. Furthermore, considering nuakepower plants'
social organization, power of hierarchy is chanaege by its strength and its stability. AccorditogSlitge et al.'s
findings (2011), this does not favor flexible thenk and may also contribute to understanding wéyritiustrial
categories were trapped in a structuring effect, the effect of the subjects' possible negativegmion of
inattention at work was investigated. Accordingdoent studies (Pecher et al., 2011), this miget #he ability to
process relevantinformation from the environment.

As can be clearly seen on Table 1, the best peaflocenwas obtained in the "prior warning" conditiohis
prior warning engaged the subjects i) in a priantoa of the task, ii) in an awareness during #edization of the
activity possible due to the relative short dunatid the task (less than 10 mn.). Transposing'thisr warning"
condition to the world of work, this might correspiato the necessity of absence of confidence bettheeco-

workers and the necessity to systematically vexifgrything everywhere. Obviously, this is not polesi
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Systematically verifying everything everywhere éguitively of high cost and workers would not béeatio stand it

for a task lasting several tens of minutes or miorparallel, analyses of work activities showealt ttonfidence
between co-workers is a necessity for good ocoapalthealth, "relationships based on trust andeshealues" are
needed (ACAS, 2011, p. 3); "mistrust is positivetyrelated with high role ambiguity, which leadq .tq]
psychological strainin the form of low job satifan, decreased well-being and a feeling of béingatened by
one's superior and colleagues" (Sauter et al.,;2@Falso Kahn et al. 1964; French & Caplan 194%refore, it
is not possible for the management of high riskigtdes to request permanent defiance towardscbé@agues at
the expense of their mental health.

Yet, we may consider what would induce the sam@wehwithout this defiance. Observations of the
subjects in action showed that this behavior cporded in fact to the implementation of a priortcainfollowed
by constant vigilance. On French nuclear plantsnéduPerformance tools have been required for seyesss
(Fauguet, 2007; Theurier, 2010; Fauquet-Alekhifd,® 2012a; Fauquet-Alekhine et al., 2012). Amdragt, the
"Take a minute" is a professional practice whidtesaplace at the workplace just before the actitiyts; it asks
workers to take a minute out of urgency of theatitin to analyze the work environment: Am | onrifggat unit?
The right track? Using the right equipment? Is ¢reerisk of accident? ... The "Take a Minute" is alsed in case
of interruptions or progressive drift of the wordisituations outside the planned framework (Fauéiglthine,
2012a). This practice may be considered as the poiatrol defined here for the experimental "prigarning"”
condition. Then the question of the imple mentatibnonstant vigilance which has a high cognitivetee mains
unanswered. If such vigilance is not continuousdggible, this means that the performance obtaimétusi “prior
warning" condition cannot be attained in real opegesituations if only based on similar effectdied by "prior
warning", i.e. defiance.

Regarding the "final control" condition, as seenfable 1, the performance was not as good asédor th
"prior control" condition, but much better nevettss than for the "one-by-one" condition. We caantieasonably
assume that the combination of the "Take a Minptattice with the final control could help to ratbe
performance to a intermediate level between whalbiained in the "prior control” and the "final dot"
conditions.

4.2. Conceptualization of the SET
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Before a conceptualizing analysis of the SET, atiole must be answered. We highlighted the negative
contribution of the SET with our experiments. Wahbut the positive contribution of the SET? Considgthe
Letter-test trap, failures occurred because thectlgf the work activity (the boards) was differ&oim what was
expected for a reliable application of the tool Ardause this was not detected by the subjects.obfiect did not
conform to expectations. The same difficulty wooketur if the tool had not conformed to its expedattde. Thus
the SET has a negative effect and leads to adaifithere is a lack of correspondence betwee neddetool and the
expected tool or between the real object of woikide expected object of work. On the contrargase of
compliance between the real tool and the expec@dAND between the real object of work and theemtpd
object of work, then the SET may lead to a suceésaftcome and good performance including a higkllef
efficiency (less time to perform the task with adlility). In these conditions, the SET offers aagrdilemma to the
organizational decision-maker: Where must the nesooe reinforced (reliability of tools, of orgaation, of
workers' practices) to avoid the negative effedhefSET? Is it worth engaging such efforts to oedar avoid the
negative effect occurrence if this is extremelyligdge compared to the positive effect? Thesecarestions for
another study. Nevertheless, we may assume thiamgedth the negative effect raises a real chakeshould it
have significant consequences on safety despitiegitidg) production consequences.

Having established the possible positive/negatorgrébution of the SET, we aim at identifying the
mechanisms underlying the phenomenon.

According to the observations, interviews and ssedyelated to the Letter-test and to industriahes/of
real operating situations (Fauquet, 2004, 2005¢q&auAlekhine, 2012a), let us first analyze the $fhe light of
theoretical considerations already studied andritestelsewhere. This step is important as we [aistthat the
SET is not a simple psycho-cognitive process, tmatraplex process likely combining several basicesses that
must be identified.

4.2.1. Anchoring/Adj ustment

The Anchoring/Adjustment effect (Tversky & Kahneméaf74; Oppenheimer et al., 2008; Thomas et al.
2003) combines on one hand an initial assessmeheaituation and its outcomes, and on the otaedh
adjustments according to incoming information tactethis assessment. With the SET, when an imisiséssment

was observed at the beginning of the activity whitfactively looked like an anchoring point, follovg
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adjustments were not made; on the contrary, it edethat incoming new information was difficult te twholly
perceived.
4.2.2. Attentional control, Focusing effect and SOF-based attention

As reported in section 3.2, time-pressure was g@ortant factor which made the subjects centeriag th
attention to the relevant factors useful in achiguheir goal (Krueger & Funder, 2004). This mafgrdo
attentional control (Astle & Scerif, 2009) also redrendogenous attention or endogenous atte ntieleaitivity
(Mayr et al., 2014; Theeuwes, 1991). This psychgritive process supposes the subject is choosiegerthe
attention will be focused and what will be leftadesiduring the activity. Reformulating Wass et 201(2) following
Ruff & Rothbart (1996) and Scerif (2010), attenibaontrol is the subjects’ ability to regulate damdlirect
attention, being able to actively guide their attemtowards the chosen informative data. Peoplg meatrained to
increase their capacities for attentional con@iéppe et al., 2013; Goode et al., 2013).

In our study, observations and interviews of sujsbowed that, during their activity, they weredined
in an attentional control process with a specialgof attention helping them to be more efficient.

This may refer to a Focusing effect defined asgnitive bias due to the high importance given lgy th
subject to specific aspects of the situation they/(Schkade & Kahneman, 1998; Kahneman et al . 0this
effect is greater when subjects are under low alerate time-pressure as demonstrated by a well-know
experiment of pro-social behavior conducted by ®adnd Batson (1973): they asked students inditligta@ahurry
from one building to another "while in transit, thabject passed a slumped 'victim' planted in paby." They
showed that the proportion of subjects "who offeaiet] decreased significantly with increasing tipressure and
concluded that this could be due in part to the taat, under time-pressure, subjects had a teydentarrow the
cognitive map, referring to Tolman (1948) and megithat subjects had thus reduced the cognitiveilpitity to
seize informative data not directly linked to thairrent goal. Subjects were centered on relevahtantral
informative data which were necessary to find tlag/and reach the next building.

This perfectly matches what the subjects of ouegrpent explained they were doing during the Letter
test. This also matches the narratives given bythréers during interviews following their involvesmt in the

occurrence of a safety event (see examples #B asdcGon 1.1).
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Yet, this attentional process always appears lnked with visual attention as the infor mative alat
needed to perform a taskis visual for a greatipandustrial context and exclusively visual dgrithe Letter-test.
During the Letter-test, we observed that subjetsal attention seemed uniformly distributed &t e ginning of
the activity for an overall appreciation of theusition while in parallel processing the acquirefldrimation. During
this first stage, subjects asked a lot of questmmeerning the task. Then in a second stage, whit®rming the
task, the subjects’ visual attention remained éichib a specific area of the situation or speciétails of the
activity. In line with the model proposed by Eriks& St James (1986) enriched by Castiello & Un{ta90),
stages one and two refer to a zoom-lens effect.nidrel postulates that attentional resources miitelil. We can
speak of the "limited information-processing capgtliof humans (Schultz & Searleman, 1998; Caldn2008).
Therefore, to be more efficient whilst performihg task, subjects reduce the focus of attentiamder to increase
the amount of attentional resource to central métive data at the expense of peripheral inforreadita (Adamo
etal., 2008), a psycho-cognitive process obsemvel@r sustained attention. Examples #1 to #5 ptedém section
1.2 illustrate well this effect during the Lettesst.

However, the attentional process may be orientedmy by focusing on a selected area of the spdie:
unit of attentional selection may also be basettatures and objects, in addition to space” (CRéh2, p. 784).
Different aspects of attention are therefore temésaged: space-based attentional control, obpesxtd attentional
control and feature-based attentional control (umd984; Liu et al., 2003; Chen, 2012) condensetiis section
title as SOF-based attention. We cannot go fuitheur analysis of such phenomena as neither tttertiest nor
the safety event conditions were instrumentedvestigate these aspects of the SET. Neverthetess, be
assumed that all of them may be concerned by tfiea®H the predominance of one of the SOF-basentiatie
aspects over another depends on the context etthéty including the subject's characteristichisTassumption
was developed through observation of subjects gatkia Letter-test and actually focusing on visbaés. This
would not have been the case of an activity fapauadio clues at the expense of visual ones. Mopaitantly, we
assume that the SET does notremain at the levbeafubject's perceptive cognition (as for the $@sed
attention aspects) but concerns a higher levebgfidcion with other parameters coming into accaurth as
exposure duration, salience of configuration, ohjepresentation (Shomstein & Yantis, 2004; Shoimsie

Behrmann, 2008), all factors that contribute tagasshe attentional priority and that make attemgilccontrol a
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highly complex phenomenon. This means that theeanalization of the SET requires another levelesicription

of attentional control. The assumption that the $&ild address a higher level of the subject's itogris
discussed in next section.
4.2.3. Functional Fixedness or Initial Goal Fixedness: a higher level of cognitionfor the SET

The mainrole played by the tool in the Letter-gesd in the industrial events we studied suggesstiatk
with Functional Fixedness related to affordanceléRa2015, p. 22). This psychological process ragke subjects
focus on the functional purpose of the tool. Acoogdo Arnon & Kreitler (1984), Functional Fixedisesonsists in
"focusing on some function of an object while oweking another necessary for problem solving" ). This
process was clearly highlighted by the well knowandie experiment of Duncker (1945) showing thatrmvhe
subjects are presented both an object and itsifinadtpurpose in a given activity context (Kearsl&975), the
extrapolation towards another functional purposetfe object by the subjects is not trivial.

In literature, Functional Fixedness is studiedriderstand the way subjects are able or not to eeham
transform the purpose of a tool as it is a priaggested by its functional design or by its funadilopresentation.
The research question is: Will the subject be &bfgerform task A using a tool designed and presktat perform
task B?

Regarding the SET occurring during the Letter-tiet,question may be formulated slightly differgntl
Will the subject be able to perform a task conaeyribject B using or adapting a tool designed aedgnted to
perform the same task concerning object A whiledbB is expected by the subject?

As we can see, the problem encountered in therkieliéis somewhat different from Functional Fixest
Here, the subject did notjust focus on the fumetigpurpose of the tool but on factors at the b@gmof the
cognitive dynamic process that created the relalipnsubject mind-tool-object whilst engaging ia task. This
dynamic process is the mental activity relatechéotask. According to the Activity Theory, to perfothe task,
there must be the emergence of a system of codedisations which is possible if there is a "mawerfa
conscious goal to a conceived condition of actiarthe subject's mind (should we rather call iefnceived” as it
happens before action) and, at this stage of theeps of activity, the "levels of awareness" apfleaontiev, AA.,
2001/2006). In the studied condition named "oneshg*, the preconceived condition of action was alated for

expected object B while object A was presentedptheonceived condition of action was not adapteemobject
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A was presented since not detected and considéeedbject B. The question is: What made them atamsbbject

Alike object B? Or should we ask What made thetconsider object A like object A?

Observations and interviews showed that subjeate feeusing on factors of what the action was déddowards
at the beginning of the activity: this was theigtigoal. This means they were focusing on theautteristics of the
initial goal. They were unable to reconsider thecpnceived condition of action since the conscinitisl goal did

not change. The fixedness phenomenon concernedotegstics of the initial goal: Initial Goal Fixeelss.

Yet, the effect of Initial Goal Fixedness was lesskin the Letter-test for the "prior warning" cdiwh
and for the "final control" condition. What happedfeAs previously mentioned, levels of awarenesgapwhen a
conscious goal moved towards a preconceived conditf action; if then the conscious goal was nenth
reconsidered, the preconceived condition of actimmained unchanged. Therefore, the associatedslefrel
awareness do not change. Awareness is boundednetidng helps reconsider the initial conscious gaé
recognize here the characteristics of boundednality introduced by Simon (1982): subjects workhdimited
information according to what is available; subjgmtocess this information according to their owpacity which
may further reduce the amount of information talkeo account; these characteristics are even moitet under
time-pressure.

So, what makes subjects "reconsider" Initial Goabéness in the experimental conditions of "pri@rmng" and
“final control"?

In the "final control” condition, due to the natawéthe experiment, the initial conscious goal was
reconsidered most of the time since the mandatonay éontrol aimed at making subjects approactabk
differently from the first trial. Therefore, levat$ awareness changed, reducing the effect of bediad/areness,
and helped subjects to discover the mistake regguttie last board.

The explanation is less simple in the "prior waghioondition. Yet, considering that bounded awassrie
associated with bounded preconceived conditiortida and considering that action may be subdiVieéo
operations, themselves subdivided into functiofat$(Zinchenko & Gordon, 1976; Leontiev, AA., 2(20106),
we may suggest that Initial Goal Fixedness is linkéth selected functional blocs. In condition pfibr warning",
we may assume that the selection of functionallslanade by subjects was much wider than in the-hyrene"

condition, enabling them to be aware of the expenital trap by impeding the anchoring of the initjahl.
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4.2.4. Einstellung effect

In our study cases, subjects were involved in dimicto reach a goal designed by or for the tdak.
section 4.2.2 we saw how this process was reinfidogetime-pressure favoring the installation of atentional
control process and Initial Goal Fixedness. Yeth@ospecificity of the activity was observed otttbexperimental
and industrial cases: the routine character ofable The afore mentioned prior anchor may wellstaned by the
repeated character of the task. This leads usnsider the SET in the scope of the Einstellungegffrustrated by
Luchins' water jar experiment (Luchins, 1942), alatled "mental set' (Bilatiet al., 2008a & b; Dunn, 1972;
Kirwan, 1992; Schultz & Searleman, 1998; Bilali@le2008). The Einstellung effect refers to thejscits
disposition to perform a task in a given way evugh another manner could be more suitable.

In the case of the Letter-test, the repeated ctaratthe task was induced by applying the tool
consecutively on five boards and observations stiavtéeast in the "one-by-one" and in the "finahicol"
conditions, that the activity seemed to becomelfantio the subjects very early with expected oaies (Woltz et
al., 2000) reinforced by time pressure as dematestrizefore (Schultz & Searleman, 1998). It re maithedsame for
industrial events: narratives produced by the wiarkeenphasized the routine aspect of their tasktaadvas
pointed out during the event analysis as a fadatributing to the unexpected outcome. The routimeracter of
the task favored the way workers chose to perftertdask through a patterned scheme of actionsrdnitalted their
capacity to identify its non-appropriateness reiggrdhe task. Therefore, the Einstellung effectesgppd as a
process contributing to maintaining the patterregse of actions from the point of anchor. In thedr warning
condition, subjects’ permanent vigilance preverthedEinstellung effect being effective.

4.3. Applicative perspectives

The conceptualization of the SET understood thrabghlGF brings new perspective of improvement for
high risk industrial operation. By suggesting cdasing deviation from expected results as a passibhtribution
of the SET and/or IGF, event analysis may gainfficiency. If SET and IGF are effectively identifieas factors
contributing to event occurrence, corrective adtiovill gain in relevancy. To illustrate this perspee, let us
consider what was undertaken after events repaieye. Examples #A and B gave rise to typical cdire
actions: the management requested the used dfleepeactices (Fauquet-Alekhine, 2012a) and reaéft the need

of procedure adherence. These actions cannot cdtpeSET or IGF and they increase the workers’ strieg
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making them think that events just result of peag@ontributions. Example #C gave rise to a reicéonent of the
control process making it more heavy for contrallémore documents to check) and overloading thanizgtion
(more controlling steps), both contributing to thmergence of a paradoxical new risk: reducing thetrol
efficiency (too much control kills the control). Alyzing events of examples A to C with a SET or &gproach
would help for instance to reconsider the tool, wsy and the context in which it is used, dealingstwith the
actual cause of the events by helping the worketead of stressing the m with common manageriahatjons.

However the solution(s) to the SET and IGF remaibe found as operating events were never considere
from this standpoint. The results showing that“gréor warning” condition gave better performanannot be a
solution as it is not possible for the managemdrhigh risk industries to request workers’ permanaefiance
towards their colleagues, tools or equipment aettpense of their mental health (§ 4.1).

Undertaking additional studies to cope with thistipem might be a benefit not only for nuclear irtdes.
Indeed other high risk industries might be concgrag potentially submitted to the SET, fulfillinget occurrence
conditions listed in section 1.1 for some tasks. &@ample, aircraft pilots are used to applyingrsbbheck-lists for
flight operations before the flight in a routine mar (Fauquet-Alekhine & Labrucherie, 2012); anetists
(Fauquet-Alekhine et al., 2014) face routine situe such as making products injections prepareatiiiance by
nurses.
5. CONCLUSION

The Structuring Effect of Tools (SET) was identifiduring work activities related to nuclear reactor
operation in particular conditions: The SET waseobsd for familiar simple tasks under low or modertume
pressure related to a task for which the importadidenot make it an emergency, leading subject®das their
attentional control; The SET was observed when extbj were individually involved in one activity, e
experienced regarding the proposed task, were igetc@s conscientious by the experimenters, coxfuam
exactly what they had to do during the activityeaftards, claimed afterwards they knew what to denvthey
performed this activity, were not distracted durithgir activity, were not stressed as there werenigb stakes
concerning their task and were submitted to lowmterate time pressure. In terms of Rasmussen’s 1B&#el,

subjects were engaged in routine activities. Tleesmlitions favored the isolation of the SET forritification and
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study; yet it does not presume any other possitafgeats in which the SET could be observed in coaidn with

other factors but in whichit would be less easidémntify the SET.

The studies here undertaken, reproducing conditidescurrence of the SET in experiments, helpetb us

suggest a description of the SET according todheviing three proposals (§4.2):

The positive aspect: the subject is able to perfatask concerning object A using a tool desigmet] a
presented to perform the task concerning objecffiéiently.

The object-based negative aspect: the subjectiBl@ro perform a task concerning object A using or
adapting a tool designed and presented to perfograame task concerning object B when object A is
expected by the subject.

The tool-based negative aspect: the subject islemalperform a task concerning object A using or
adapting a tool designed and presented to perfoeraame task concerning object Awhen the tool is
designed and presented for object B.

The SET is either positive or negative when ceradrors are combined. The positive aspect is e

case of compliance between the real tool (the sad)uand the expected tool AND between the realcblof work

(which the tool is applied to) and the expectedobpf work. If one of these two conditions does match, then

the negative aspect may predominate.

The three proposals above describe three aspeitis SET:

The positive aspect is congruence between obpmtand the mental representation the subjecttas o
them.

The object-based negative aspect occurs whenitharghift between the object and the represe ntétie
subject has of it.

The tool-based negative aspect occurs when therstigt between the tool and the representatien th
subject has of it.

The psycho-cognitive process which underlies thac8iring Effect of Tools was here identified aitith

Goal Fixedness (84.2.3). Initial Goal Fixednessrauwork activity is constituted of several steps:

aninitial goal anchor inducing a preconceived dbmd of action to perform the task,
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» afocus on the characteristics of the initial gufahe activity favored by the Einstellung effedtivgt

performing the task under low or moderate time-gues

The anchoring pointis elaborated by subjects whegare about to perform the task. Itis due paar
assessment of the situation and its outcomes vapistehending the task. This anchor occurs atehgheginning
of the activity.

The focus is elaborated so as to be more efficgmjects reduce the scope of the informative dagato
human's limited information- processing capabilifiiis is achieved through an Attentional Controlqess.

The combination of focus and the Einstellung efferetvents the subjects from reconsidering thediniti
goal of the activity and the induced preconceiveaddction of action to perform the task, thus redgcawareness.
Initial Goal Fixedness is related to cognitive nmapprowing and to bounded rationality.

Initial Goal Fixedness is favored by sustainedrditben and time-pressure and probably depends osuthjects'
cognitive capacity as it is linked with the limitedormation-processing capability (which differsi one
individual to another).

Our experiments have shown that Initial Goal Fixexin(IGF) may be avoided or inhibited. Avoided
through awareness should awareness remain adteépftior warning" condition) and inhibited wherbfacts are
forced to reconsider the preconceived conditioaatibn to perform the task and thus the initiall gdahe activity.
The point is here to impede anchoring of the Ihiiaal Fixedness and prevent the Einstellung effdowever, as
discussed in section 4.3, further studies are mktdelentify appropriate solutions without jeoganag workers’

health.

These findings and results were obtained in thedraork of nuclear industries but may not be limited
this domain. Examples of how other high risk indastmight be concerned are given in section 4h& Takes the
SET and the IGF, their understanding and theirrop@a challenge of great interest with safety, potidn stakes
and therefore financial concerns. In addition, &titing Effect of Tools underpinned by Initial Gdakedness is
facing an exciting dilemma. Indeed it would be ieging for industrials to cope with the negatispect of the
SET in order to avoid deviations and improve perfmnce (our experiments demonstrated a possible very

significant gain), but this might go against thegmse of the tools that precisely favor worker&cgfncy by
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enhancing the features that also favor the negasipect of the SET. This point might become a llifjeulty

when considering the findings that could be intetgd as suggesting coping with it by increasingesit
awareness: awareness cannot be permanent due &m bognitive capacities and mental health congidera
Here the conceptualization of the SET may helghdwed that, more than a question of maintainingremess, the
solutionseems to lie in impeding Initial Goal Fixess. This consideration might open new fieldeséarch both
in Psychology and Neuroscience.

APPENDI X

Three-level scale regarding time pressure

This scale was elaborated on the basis the analfy2@0 safety events on the NPP of Chinon ovepts ten years
(interviews with actors of the event, causal analg$ the event and factors of comprehension foheause,
validation of the analysis with actors) and obstoves of real operating situations (Fauquet, 2G@gjquet-
Alekhine & Boucherand, 2011). The results led bjective criteria describing time pressure apgyimworkers
in control rooms or in the field (independentlyrfi@ny other factors such as the activity stakegse&lcriteria were
then associated to a three-level scale charactgriizne pressure for these kinds of activities:,lovederate and
high.

Table A.l. Criteria associated to a three-levelescharacterizing time pressure.

levels criteria
low Subjecthasall the time needed to perform the activ
moderat Subjectworkswithin flexible time limits which are coheren(longer)with the time

needed to perform the activity

moderate Subject works within fixedime limits which are coherent (longer) with thee
needed to perform the activity

high Subject works within fixedme limits which correspond to just the time rexdo
perform the activity

high Subject works within time limits which are shortban the time needed to perform the
activity

high Subject must work in the shortest time possibleabse of emergency
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