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Summary

This dissertation was prompted by its author's amazement that only a handful
of fnancial experts had read the arrival of the 2009 recession in the subprime
mortgage problems in the American housing market. Despite hefty confrontations in
the media between investment experts during the years leading up to the recession,
it took the fall of Lehmann Brothers for the world to become aware of the effects
of the subprime crisis. Such myopia is exemplary for weak signals: the strategic
phenomena detected in the environment or created during interpretation, that are
distant to the perceiving top-manager’s frame of reference.

If top-managers perceive weak signals early enough and interpret them accurately,
they can increase the resilience of their company. If they don't, their companies run
high risks. In the case of the great recession, the correct perceiving top-managers
betted against mortgage-backed securities, and the rest had to take drastic measures
to survive a double-dip recession. Whether or not having insights into the effective
perception of weak signals can make or break companies.

The dissertation explores what happened in the weak signal processes of the
participating top-managers. Thirteen expert top-managers recalled the times that
they missed or misinterpreted signals and the times that they saw it right. Thereatfter,
twenty top-managers participated in an experiment in which they interpreted multiple
weak signals. Both studies resulted in actionable insights into the role of reference
frames and expertise in the weak signal process.

In this dissertation, weakness refers to the distance of new information to the frame
of reference of the perceiver. A large distance means that new information is not
comparable to information already in the frame, which makes it diffcult to detect and
interpret. A very short distance refers to strong signals, of which much is already
known, thus inside the frame. The same information can be weak in the eyes of
one manager and strong in the other, depending on their prior knowledge. Hence,
weakness was seen as a perception, not an inherent, objective trait of information.

The weak signal defnition that concludes the frst paragraph may seem like just
another way of describing weak signals, but itis much more. In the reviewed literature,
weakness was something different to almost every researcher who explored it. This
made it diffcult to connect and validate reviewed fndings. Cluster analysis of 30
keywords from 68 weak signal descriptions led to an inclusive defnition of weak
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signals. It turned weakness into a measurable concept (frame distance) as well as a
means of connecting the fndings for a wide variety of other descriptions (see section
2.3).

Literature described the weak signal process in four stages: (1) identifcation of
problems or search goals; (2) signal detection; (3) signal interpretation; and (4)
action as a result from interpretation. Perception fltered the information at specifc
moments in the process to reduce the amount of information to process, and to
increase its relevance. The perceptual flters were situated in between the process
stages. The frst flter contained a top-manager’s conscious or subconscious
decisions on what information to include in the process. The second flter consisted
of a top-manager’s reference frame of beliefs and knowledge on the environment.
The third flter consisted of the loss of information through communication about
possible interpretation and actions (see section 2.2.2.).

The feld study found three striking adjustments to the process to compensate for
undesired reducing effects of the flters. Top-managers stipulated that (1) search
had to focus on distant information; (2) that a distinct, wide range of sources had to
be consulted; (3) and that interpretation must be deferred until multiple viewpoints
on the signal had been gathered. The adjustments were the frst indication of the
relevance of frame distance and cognitive diversity to the process (see section
3.4.2).

The reviewed process ftted both weak and strong signals, but their fows through
the process were signifcantly different. A strong signal fowed seamlessly and swiftly
through the perceptual flters into action. Weak signals ran the risk of rejection at
each of the flters. A weak signal that made it into the interpretation stage required
extensive interpretation before its meaning became clear. This suggested a positive
relationship between the level of weakness and the extent of interpretation: the
weaker the signals, the more extensive the interpretation. However, the second feld
study found a negative correlation. The more distant the signal was to the perceiver’s
frame, the less information in the frame could be employed to interpret the signal,
thus the less extensive the interpretation. This fnding pointed out that measuring
levels of perceived weakness is crucial to the attribution of fndings to the weak
signal process. It also indicated that the reviewed studies might have used stimuli
that triggered lower levels of perceived weakness (see section 6.1.2.).

The literature argued that the expert weak signal process had several distinct
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characteristics as a result of the complexity of expert reference frames. Complexity
consisted of links between meaningful patterns of signals and corresponding
decision rules. It widened perceptual flters to include more signals into the process,
and it enabled the simultaneous consideration of alternatives during interpretation.
However, the dissertation’s frst feld study revealed that experts could also exhibit
quite simple frames. The simpler frames were focused on the interpretation stage of
the process, and thus dealt with relatively more knowns. The more complex frames
were focused on detection, when less was known. This implied that frame complexity
might be used strategically. Simple frames may increase perceived weakness, thus
compensating for a possible false sense of security through a focus on knowns.
Complex frames may decrease perceived weakness, thus signifying the relative
ease with which new signals were linked to the frame (see section 3.4.3.).

Furthermore, frame complexity only explained why experts were more effcient in
the weak signal process. It did not explain why some experts interpreted signals
accurately and others did not, as was the case in the subprime example that
prompted the dissertation. Therefore, this dissertation explored the possibility that
variance in expertise types may explain the difference.

An experiment involving twenty top-managers with varying expertise profles
resulted in 208 observations of the interpretation of weak signals. The observations
were coded for six expertise types, four (levels) of perceived weakness, and three
types of interpretation. Statistically signifcant correlations revealed that four of the
Six expertise types correlated with different interpretation patterns. Firstly, general
expertise was positively correlated to three interpretation variables: (1) the use of
frame information to make sense of a signal (sense-making); (2) the application of
a signal to the company to assess impact (application); and (3) the interruptions
of the fow of interpretation (no-fow). Secondly, the number of industries that top-
managers had worked in for over fve years correlated negatively with interrupted fow.
Thirdly, the number of years that a top-manager had worked in the current industry
correlated positively to application and interrupted fow. Finally, task expertise was
positively correlated with application (see section 6.1.2.). The results indicated that
the expertise types had different effects on the perceptual flters. General expertise
seemed to widen flters and to reduce the diffculty of detecting very weak signals.
Years in the current industry enabled the application of signals to the company’s
situation and thus seemed to contribute to the development of alternatives. Task
expertise seemed to support general expertise in increasing the depth of perceptual
flters.
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Multiple factor analysis allowed visual inspection of the multivariate relationships
between the variables. It supported the interpretation of the correlations (see section
6.2.).

Correlations and factor analysis results were interpreted as a second indication for
the importance of cognitive diversity because the positive effects of one expertise
type would compensate for the stringent focus of the other and vice versa. This
brought more detail to the process adjustments that were found in the frst feld
study. Their measures to include more distant information and multiple viewpoints
seemed to refer to benefcial effects of combining multiple expertise types and frame
structures into the process (see section 7.3.)

The exploratory nature of the dissertation limits the fndings to two substantial
theoretical contributions. Firstly, the negative correlation between perceived
weakness and the extent of interpretation explains why weak signals are so hard
to detect and interpret. In addition, weakness as distance to the frame enables the
use of distance as a parameter for decision-making and as an index for decision
alternatives. Secondly, the fndings on expertise types and frames suggest that the
absence of cognitive diversity can explain missed and misinterpreted signals. Its
presence can explain higher process effectivity. The dissertation’s scientifc value is
also expressed in a set of tools to add to the foresight feld’s toolbox. The defnition
and the design of the second feld study resulted in standardized stimuli capable
of triggering weakness perceptions, an effective experiment task, and an index to
measure levels of perceived weakness. The use of the method in which scenarios
trigger rateable articulations of weak signals (STRAWS) contributes to the validation
of fndings for distinct levels of perceived weakness (see chapter 4). Finally, top-
managers who plan to or already manage a foresight process will beneft from the
suggested process adjustments and the insights in distance and cognitive diversity
(see section 7.5.).

The dissertation also points to exciting future research. The inclusive quality of the
weak signal defnition, which represents clusters of keywords of 68 other defnitions,
enables the strengthening of the framework of weak signal research. It can provide
commonalities to which studies can be linked, thus building a validated framework.
The STRAWS method is fexible enough to enable quantitative research, with which
the dissertations theoretical insights can be tested. The fndings themselves open up
a new line on the role of cognitive diversity in weak signal perception and decision-
making processes (see section 7.6.).

XV



Samenvatting

Pas toen Lehman Brother’s viel kreeg de wereld in de gaten dat de Amerikaanse
subprime crisis wereldwijde gevolgen had in de vorm van een recessie. Beide
kwamen als een donderslag bij heldere hemel, hoewel diverse fnanciéle experts
er in de media al jaren over aan het ruzién waren. Een dergelijke bijziendheid is
exemplarisch voor wat we zwakke signalen (weak signals) noemen. Zwakke signalen
bestaan uit percepties van strategische fenomenen, die op afstand staan van het
referentiekader van de waarnemer en ontdekt worden in de bedrijffsomgeving of
gecreéerd worden door interpretatie.

Als topmanagers zulke signalen vroeg genoeg ontdekken en juist interpreteren
kunnen zij de overlevingskansen van hun bedrijf vergroten. Als ze signalen te laat
ontdekken of onjuist interpreteren lopen hun bedrijven grote risico’s. Zo konden
wakkere topmanagers profteren van een juiste blik op de subprime crisis als zij
bijvoorbeeld hadden ingezet tegen de hypotheekmarkt of hun bedrijf op recessie
hadden voorbereid. Topmanagers die pas later inzagen wat er aan de hand was
moesten drastische maatregels nemen om hun bedrijf in staat te stellen een dubbele
recessie te overleven. Het al dan niet hebben van inzicht in effectieve waarneming
en interpretatie van zwakke signalen kunnen een bedrijf maken of breken.

Dit proefschrift onderzocht wat er gebeurde in het waarnemingsproces van
Nederlandse topmanagers. Dertien expert topmanagers keken terug op de keren dat
zij zwakke signalen misten, onjuist interpreteerden of juist wel tijdig en goed zagen.
De daaropvolgende twintig topmanagers deden mee aan een experiment waarin ze
meerdere signalen hardop interpreteerden. Beide studies resulteerden in bruikbare
inzichten in de rol van referentiekaders en expertise in het waarnemingsproces.

Dit proefschrift legt de zwakte van signalen uit als de afstand van het signaal tot het
referentiekader van degene die het signaal percipieert. Een grote afstand betekent
dat het signaal niet vergelijkbaar is met informatie in het referentiekader, waardoor
het moeilijk te ontdekken en interpreteren is. Een heel korte afstand refereert aan
een sterk signaal, waarover het referentiekader veel meer informatie beschikbaar
heeft. Hetzelfde signaal kan zwak zijn voor de ene manager en sterk voor de ander,
afhankelijk van de beschikbare informatie in hun referentiekader. Dat betekent dat
de zwakte van signalen een perceptie is en geen intrinsiek aspect van het signaal.

De defnitie van zwakke signalen aan het slot van de eerste alinea ziet er op het
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eerste oog uit als een van de vele omschrijvingen van zwakke signalen, maar er
zit meer in. Het literatuuronderzoek maakte duidelijk dat de 68 omschrijvingen
uit de geanalyseerde papers zo uiteenlopend waren dat het de validiteit van
onderzoeksresultaten in gevaar bracht. Een clusteranalyse van 30 kernwoorden uit
de omschrijvingen werd gebruikt voor deze nieuwe defnitie. De defnitie maakte van
een vaag begrip een meetbaar concept (frame afstand) en maak het mogelijk om
de resultaten behorende bij de andere omschrijvingen met elkaar te verbinden (zie
sectie 2.3.).

In de literatuur bestaat het proces voor zwakke signalen uit vier stappen: (1) de
identifcatie van problemen of zoekopdrachten; (2) het waarnemen van signalen;
(3) het interpreteren van signalen; en (4) het ondernemen van actie op basis van de
interpretatie. Perceptieflters scheiden de stappen, zodat de hoeveelheid signalen
behapbaar blijft en aan relevantie wint. Het eerste flter bestaat uit de bewuste en
onbewuste criteria waaraan signalen moeten voldoen om waargenomen te worden.
Het tweede flter bestaat uit de overtuigingen en kennis over de bedrijfsomgeving in
het referentiekader van de topmanager. Het derde flter bestaat uit het verlies aan
informatie door communicatie met anderen over interpretatie en actie (zie sectie
2.2.2)).

De eerste studie van het proefschrift ontdekte drie opvallende procesaanpassingen
waarmee topmanagers de nadelige effecten van hun perceptieflters compenseerden.
Topmanagers schreven voor dat: (1) zoekopdrachten gefocust moesten zijn
op informatie met grote afstand tot het referentiekader; (2) dat een brede reeks
van specifeke bronnen aangesproken moest worden; en (3) dat interpretatie van
signalen moest worden uitgesteld totdat meerdere perspectieven waren verzameld.
Deze aanpassingen werden geinterpreteerd als de eerste indicatie van de relevantie
van frame afstand en cognitieve diversiteit voor het proces (zie sectie 3.4.2.).

Het proces voor sterke signalen had dezelfde stappen en flters als dat voor zwakke
signalen, maar onderscheidde zich door de manier waarop het signaal het proces
doorliep. Een sterk signaal stroomde naadloos en vlot door naar de actiestap. Een
zwak signaal liep bij elk perceptieflter het risico om uit het proces verwijderd te
worden. Als een zwak signaal de interpretatiestap haalde, dan was de interpretatie
stap zelf heel substantieel. Dit verschil suggereerde een positieve relatie tussen
de zwakte van een signaal en de uitgebreidheid van interpretatie: hoe zwakker het
signaal, hoe meer interpretatie er nodig is om het te begrijpen. De tweede studie
van dit proefschrift vond echter een negatieve relatie. Hoe zwakker het signaal,
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hoe minder informatie over het signaal beschikbaar was in het referentiekader en
dus hoe minder substantieel de interpretatie. Dit resultaat maakte duidelijk dat
het meten van meerdere niveaus van zwakte cruciaal is voor het toerekenen van
conclusies aan zwakke signalen. Het leek er ook op te wijzen dat de studies uit het
literatuuronderzoek stimuli hadden gebruikt die tot lagere zwaktepercepties hadden
geleid (zie sectie 6.1.2.).

De literatuur wees verder op de kenmerkende referentiekaders van experts. Het
zou complexer zijn, hetgeen betekende dat het referentiekader meer koppelingen
naar meer patronen van signalen en bijbehorende besluitregels had. De complexiteit
maakte dat experts meer signalen ontdekten en meerdere alternatieve interpretaties
naast elkaar konden ontwikkelen dan leken. Uit de eerste studie van de dissertatie
bleek echter dat experts ook simpele referentiekaders konden hebben. De simpeler
kaders bleken gefocust te zijn op interpretatie, de stap waarin meer bekend wordt
over signalen. De complexere kaders waren gefocust op detectie, de stap waarin nog
nauwelijks iets bekend is. Dit onderscheid leek erop te wijzen dat de referentiekaders
van topmanagers een strategische rol spelen. Simpele referentiekaders leken
ervoor te zorgen dat meer signalen als zwakker werden gezien. Dit zou de mogelijke
gevoelens van veiligheid als resultaat van de focus op meer bekende informatie
tegen gaan. Complexere referentiekaders verlaagden de zwakteperceptie omdat de
complexiteit het makkelijker maakte om koppelingen met meer signalen te leggen
(zie sectie 3.4.3.). Daar kwam nog eens bij dat de complexiteit van referentiekaders
niet verklaart waarom de ene expert het zwakke signaal van de subprime crisis wel
oppikte en de andere niet. Dit proefschrift onderzocht de mogelijkheid dat variantie
in het type expertise dat verschil wel kon verklaren.

Een experiment met twintig topmanagers met verschillende expertise profelen
leverde 208 observaties op waarin een topmanager een signaal interpreteerde. De
observaties werden gecombineerd in een tabel met zes typen expertise, een zwakte-
index en drie interpretatie variabelen. Statistisch signifcante correlaties werden
gevonden voor vier van de zes expertise typen, steeds met andere interpretatie
variabelen. Ten eerste was algemene expertise positief gecorreleerd aan alle
interpretatie variabelen: (1) het gebruik van informatie uit het referentiekader om een
signaal te duiden (duiding); (2) het toepassen van een signaal op de bedrijfssituatie
(toepassing); en (3) de mate waarin interpretaties werden onderbroken door stotteren
en uhms (stroom). Ten tweede, het aantal industrieén waarin topmanagers langer
dan 5 jaar hadden gewerkt was negatief gecorreleerd met de interpretatiestroom.
Ten derde, het aantal jaar dat topmanagers in de huidige industrie werkten was
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positief gecorreleerd met toepassing en stroom. Ten slotte was taakexpertise
positief gecorreleerd met toepassing (zie sectie 6.1.2.). De correlaties leken te
wijzen op verschillende effecten van expertise typen op de perceptieflters. Het was
aannemelijk dat algemene expertise perceptieflters verbreedde en het makkelijker
maakte om zwakke signalen waar te nemen. Jaren gewerkt in de huidige industrie
maakte het makkelijker om meerdere alternatieve interpretaties te ontwikkelen door
de kennis over mogelijke toepassingen. Taakexpertise leek algemene experts te
ondersteunen door hun perceptieflter te verdiepen en industriespecialisten door
hun flter te verbreden.

Meervoudige factor analyse visualiseerde hoe de relatieve afhankelijkheden van
de variabelen waren. De analyse liet opnieuw zien dat expertise typen bij gelijke
zwaktepercepties verschillende effecten hadden op de inspanning die tijdens
interpretatie van signalen werd geleverd (zie sectie 6.2.2.).

De correlaties en factor analyse werden geinterpreteerd als een tweede indicatie
van het belang van cognitieve diversiteit. De flter verbredende effecten van het
ene type expertise kon de stringente focus van de andere compenseren. Deze
interpretatie legde uit waarom de procesaanpassingen van de topmanagers uit de
eerste studie zo effectief konden zijn. Hun maatregels om meer verre informatie
waar te nemen en meerdere perspectieven in het proces bijeen te brengen, leek op
de praktische vertaling van bredere combinaties van referentiekaders en expertise
types (zie sectie 7.3.).

De verklarende aard van het proefschrift beperkt de conclusies tot twee inhoudelijke
bijdragen aan de theoretische ontwikkeling van onderzoek naar zwakke signalen.
Ten eerste, de negatieve correlatie tussen zwakteperceptie en de omvang van
interpretatie verklaart waarom zwakke signalen zo moeilijk te zien en te duiden
zijn. Bovendien maakt zwakte als afstand tot het referentiekader het mogelijk
om afstand te gebruiken als parameter voor bijvoorbeeld besluitvorming en als
index voor besluitalternatieven. Ten tweede, de resultaten inzake expertise types
en referentiekaders suggereren dat de afwezigheid van cognitieve diversiteit
het missen en onjuist interpreteren van zwakke signalen kan verklaren. De
aanwezigheid van cognitieve diversiteit kan de effectiviteit van het proces verhogen.
De wetenschappelijke waarde van het proefschrift wordt ook bepaald door de
hulpmiddelen die het aan het instrumentarium van toekomstonderzoek toevoegt.
De studies in het proefschrift leidden tot een meetbare defnitie, het ontwerp van
gestandaardiseerde stimuli die zwakteperceptie kunnen opwekken, een effectieve
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opzet van een experiment, en de index om zwakteperceptie mee te meten. Het
gebruik van de methode waarbij scenario’s meetbare zwaktepercepties opwekken
(STRAWS) kan bijdragen aan de validatie van de conclusies voor meerdere niveaus
van zwaktepercepties (zie sectie 4). Tenslotte, topmanagers die overwegen om een
proces voor horizonverkenning op te zetten of al managen kunnen profijt trekken
van de procesaanpassingen en de inzichten in afstand en cognitieve diversiteit (zie
sectie 7.5.).

Het proefschrift verwijst ook naar opwindende richtingen voor toekomstig onderzoek.
Het inclusieve karakter van de defnitie, dat door clustering van kernwoorden 68
andere defnities vertegenwoordigt, kan gebruikt worden om het raamwerk onder
het onderzoek naar zwakke signalen te versterken. Clusters verwijzen naar
de overeenkomsten tussen defnities waardoor onderzoeken kunnen worden
gekoppeld en winnen aan validatie. De STRAWS-methode is fexibel genoeg om een
kwantitatieve opzet van het proefschrift mogelijk te maken, zodat de theoretische
inzichten kunnen worden beproefd. De conclusies over afstand, expertise typen en
referentiekaders kunnen leiden tot onderzoek naar de rol van cognitieve diversiteit
in het waarnemings- en besluitvormingsproces (zie sectie 7.6.)
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WEAK SIGNAL WEAKNESS

What's relevant, really, to the world?
Is it the Parliamentary elections or Google’s new CEO?

Field Study II; Participant 08

Barbara Liesbeth Van Veen

It sounds counterintuitive to top-managers when they hear that their company’s
resilience benefts from searching for phenomena they cannot place, from searching
in an unfocused way, and refraining from judgment until the people they disagree
with have contributed to the interpretation. However, those are some of the
signifcant conclusions of this dissertation’s exploration of the weak signal process
of top-managers. How these conclusions were reached is disclosed in the following
chapters. Before the research is introduced, a few words are spent to clarify the
concept of signal weakness.

Imagine going for a walk in the park during your lunch break. A sudden noise in
the background is vying for your attention. It signals imminent danger, but only if
you stop your train of thought to consider its meaning. If you do not, it remains just
background noise.

There! You hear it again, but you cannot quite pinpoint what it is. Loud, yes, but clear?
No. It could be anything from something heavy rolling down, to a plane passing in
the distance. The signal is too weak to interpret accurately. You tilt your head to hear
it better. Flash, bam! Now you know: it is thunder.




There is thunder in the background noise of the business environment as well. Top-
managers can hear it or read it in information about developments with signifcant
future impact. Once they become aware of the information, they turn noise into a
signal relevant for their company’s future. When the signal is hard to which includes
in their frame of reference, it is called a weak signal.

Literature describes the process of interpreting weak signals with stages and flters
(Ansoff, 1979; Iimola & Kuusi, 2006). Firstly, top-managers become aware of the
signal; then they interpret it. Perception shields them from information overload by
acting as an information flter. Top-managers reject much noise, including signals
before conscious detection, and detected signals before or after interpretation when
signals seem irrelevant (see Figure 1).

It stands in stark contrast with the strong signal process. It has the same stages and
flters, but the fow of the signal through the process is different (Aguilar, 1967). A
signal is strong if its relevance and impact are evident in the mind of the perceiver.
Hence, a strong signal passes the perceptual flters seamlessly and does not require
much interpretation if any (see Figure 1).
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Figure 1: Stages and flters of the weak signal process, including the distinct fow of strong and

weak signals through the process

The perception of weak signals is an intriguing phenomenon because of its
paradoxical character. Firstly, the effects of not detecting weak signals are driving
research on detection. Not detecting a weak signal means that a company does
not respond when it is required. The resulting misalignment between a company
and its environment can break a company. Hence the interest in the detection of
developments yet to come. Secondly, rational deliberation is used to complete an

interpretive process that is not so rational. Only past and present signals can be
used to interpret future impacts. Therefore, signal interpretation is bounded by the
availability of information, time, and cognitive skills, and thus cannot be entirely
rational. Thirdly, the detection of a signal and missing it are the same thing when a
signal gets rejected by a perceptual flter. Both lead to the same dangerous strategic
inertia. Finally, scholars in many felds have researched the process, but a precise
grasp of the meaning of weakness is still lacking.

In other words, the weak signal process is like forecasting a thunderstorm. We
have to predict without completely understanding the weather system, access to all
data, or the time to wait for strong signals like thunderheads rolling in. Ignoring or
misinterpreting the signal means exposure to its destructive force. What is more, the
earlier we know a storm is coming, the more time we will have to take the necessary
precautions. So, we watch the straws bend in the wind, telling us about the changing
gusts of wind that precede a storm.

In business, thunderstorms may sweep across the company environment and destroy
the mechanisms of the markets in it. It is not that easy to identify the telling straws.
For instance, it was a straw in the shape of the US subprime crisis that signifed the
great recession. Prominent experts rejected the signal, even when deliberately and
repeatedly exposed to it. In the next section, this example is used to illustrate the
weak signal process and to establish the relevance of the process.

1.1. Managerial Relevance
Investor Peter Schiff was met with sarcasm as he summed up a pattern of
developments weaving imminent crisis. It was the year 2005, and experts like the
former Chair of the Federal Reserve Alan Greenspan disagreed fervently or ridiculed
him. Schiff kept warning his audience up to the fall of Lehman Brothers in 2008
(Schiff, 2009). When the smoke from the collapse cleared, everyone knew Schiff had
predicted right all along (Bezemer, 2011).
Schiff's message was the proverbial weak signal from WEAK SIGNAL
the view of the experts. They perceived his message Wl Strétegic
phenomena detected in the
as ridiculous, so at odds was it with their frame of .. vironment or created
reference (see weak signal defnition in the text box). during interpretation that
Frames of reference refer to the implicit knowledge @aredistanttotheperceiver’s
collections with which perceivers structure and interpret | 2¢ of reference



weak signals (Schwarz, Kroehl, & Von der Gracht, 2014).

Three aspects of expert interpretations stood out. Firstly, conventional forecasting
models did not include the problematic effects of the American housing boom
(Bezemer, 2011). That meant that experts were hardly exposed to the effect or
prompted to consider it. This omission in the forecasting models is representative of
the frst perceptual flter in the process model, the forecast flter (see 1 in Figure 2).
Secondly, when Schiff confronted them, the experts drew on their expertise to fnd
explanations that better suited their view. It was clear to Schiff that the debt in the
wake of the housing boom would lead to a fnancial crisis, but the experts interpreted
that same debt as a representation of real wealth (Schiff, 2009). Such alternative
interpretations are exemplary of the second flter in the model, the mentality flter
(see 2 in Figure 2). When new information is at odds with the perceivers’ reference
frame, the perceiver is probably going to reject it. Re-examining assumptions in the
frame would have been a better response. Thirdly, it took three years of iterations
to change the interpretation of Schiff’s opponents (see 3 in Figure 2). In 2005, the
experts perceived his assumptions about the housing market and its effects as
entirely incorrect. When time went by and the housing crisis developed, experts
had no choice but to agree on it happening. However, they still maintained that
other developments would contain the damage to the housing market and cancel
any possible spilling effects. Their inertia illustrates how stubborn the interpretation
stage can be. The two flters and the iterative signal interpretation stage are the
defning aspects of the weak signal process (see Figure 2).

Signal Interpretation

Moment of passage

I' v ." v or rejection by filter

Figure 2: Three defning aspects of the weak signal process. 1) forcasting flter; 2) mentality flter;

3) interactions during interpretation

The emergence of the great recession illustrates the relevance of the timely and
accurate interpretation of weak signals in the shape of threats. However, weak signals
of opportunities are just as relevant, and their process fow just as complicated.
For instance, top-managers now take the commercial benefts of the Internet for
granted, but it took years before mainstream companies could interpret it accurately
(Glowniak, 1998; Leitner, 2015). Knowledge about the Internet was initially restricted
to circles within the military and science. When information about the Internet
started to spread, it was interpreted as a game, a weapon, a sales technology, a
thought framework, and many things in between (Schulte, 2013). These days, it is
a known fact that the Internet had an overall positive economic effect (Choi & Vi,
2009; Tindale, Sheffey, & Scott, 1993). At the time, household names like Kodak or
Blockbuster suffered because they interpreted the effects of the Internet wrong or
too late (Manyika & Roxburgh, 2011).

In the aftermath of the Internet shake-out and the great recession, the value of
research into the weak signal process seems obvious. Its purpose is to improve top-
manager anticipatory skills and strategic decision-making so that companies can
respond earlier and faster to new information.

The real-world examples in the previous paragraphs pointed out that even experts can
miss and misinterpret weak signals. Their expertise had led them to interpret a weak
signal in accordance with their existing view. Paradoxically, literature described two
benefcial effects of expertise (Eisenhardt, 1989). Firstly, expertise was said to widen
perceptual flters so that more signals would be included in the process. Secondly,
it supposedly made interpretation more effective because experts were able to
use their knowledge to develop complex hypotheses and test these in subsequent
iterations quickly. These benefts implied that experts could interpret more signals
and do it better than novices could in the same time. It seemed plausible that distinct
types of expertise were responsible for this paradox. The experts in the Schiff and
Internet examples were industry experts with narrow and deep knowledge of fnance
and communications, respectively. The experts in the comparison study were
frequently involved in the weak signal process, which implied that they possessed
high task expertise. Hence, the aim of the second feld study was the exploration
of the role of expertise type in the managerial weak signal process. The grounded
theoretical insights on the role of expertise in the process form the major contribution
of this dissertation to the advancement of managerial foresight.

The research of the weak signal process is part of the foresight practice, which



recently matured into a feld of its own (Kuosa, 2011; Rossel, 2011). The feld has only
the beginnings of shared methodologies and terminology (Giaoutzi & Sapio, 2013),
and as a result, fndings are fragmented and lacking validation. The dissertation
wants to contribute to the development of the feld.

1.2. Scientifc Relevance

It is hardly surprising that managerial weak signal research took off in the 1970s in
the wake of an economic shock. At the time, a small group of developing countries
agreed to cut oil production as a political weapon against developed countries. The
oil embargo came as a strategic surprise even to the experts who did foresee oil price
increases (Issawi, 1978). The embargo led to a global recession, which prompted
strategy scholars to theorize about the prevention of the next strategic surprise.
Prevention was to be accomplished through a broader awareness of emerging
developments, not by the more error-prone predictions (Ansoff, 1975; Molitor, 1977).
These scholars named the information about emerging developments weak signals.
They modeled the weak signal process with stages and perceptual flters and set
the weak signal fow apart from the strong signal fow (Ansoff, 1979; Mintzberg &
Waters, 1982). Finally, they also argued that the level of weakness of a signal was
relative to the knowledge of that signal, and not a fxed state.

In the 1980s, two trends started to emerge in weak signal research. Previously siloed
research started to mesh under the name of complexity studies, and, simultaneously,
new disciplines became aware of their interest in the future and started to contribute
(Kuosa, 2011). For instance, linguists explored the role of language as a means of
expressing the future in the present. Organizational learning perceived the process
as a learning cycle. Information theorists looked upon the process as the transition
of information from one network or system to another. In other words: each discipline
researched the process through its distinct lens (Giaoutzi & Sapio, 2013). Both trends
led to new viewpoints and fndings, but also to increasing fragmentation (Kuosa, 2011).

Ideally, a shared understanding of the terms weakness and signal should form the
foundations of weak signal research. In reality, fragmentation has led to dozens of
defnitions ranging between rather extreme poles. Weakness referred to objective
traits like industry volatility, or perceived developments like future trend combinations.
Signals ranged from undefned pressures to specifc events. Such fragmentation
made it quite imaginable that theoretical contributions were based on incomparable
weak signals. When scholars are unaware that they may be measuring different

constructs, they build theory as strong as quicksand. Hence, the dissertation’s frst
scientifc contribution is to bring clarity to the weak signal construct (see chapter 2).

From the outset, weakness was tabulated into several levels. When a new signal
was detected, sometimes only sensed, much about the signal was unknown. As
time went on, more information would become available. More information facilitated
the extrapolation of a signal’'s impact and the required response. Thus, weakness
and knowledge were opposing factors in weak signal research. Field studies took
the notion a step further and treated weakness as binary: a signal was either strong
(known) or it was not. This seemed to reduce weak signal research to not-strong
signal research. Aggregating all not-strong signals had two severe effects. Firstly, it
allowed the confusion on weakness to continue. Secondly, it obscured possible distinct
behaviors per weakness level. It was plausible that severely weak signals would run a
bigger risk of rejection than signals that were hardly weak, and that these levels would
have very different interpretation patterns. If there were such a distinction between
levels, foresight methodologies might need severe adjustments to accommodate the
detection and interpretation per level. Thus, the dissertation’s second contribution
consists of a method with scenario triggered rateable articulations of weak signals,
dubbed STRAWS. The method includes guidelines for stimuli to trigger perceived
weakness, an experiment task design to approximate the weak signal process, and
an index with multiple weakness levels to measure perceived weakness.

1.3. Focus on the Top-Manager

In every company, at every level, workers now and again consider new possibilities
and induce new policy. It happens in groups and individually, for the short and the
long term, and on small and large issues. Within that vast array of foresight practices,
the weak signal process stands out because of its input. This process is reserved
for the perceptions of strategic phenomena detected in the environment or created
during interpretation, that are distant to the perceiver’s frame of reference.

Authors have argued that the weak signal process belongs to the responsibilities
of the top-management team. Top management teams oversee the company as
a whole and interpret environmental information for company-level action (Daft &
Weick, 1984; Mintzberg & Waters, 1982). However, the dissertation focuses on
the highest responsible functionary from the top team. Several considerations led
to this decision. Firstly, the joint analysis of weak signals takes place based on
individual perceptions (Tapinos & Pyper, 2017). Logically, the investigation of weak



signal analysis starts with the individual interpretation of the highest responsible
functionary in the management team. This functionary presumably has the widest
view of the environment (Lawrence & Lorsch, 1967; Weick, 1979). Secondly, the
focus on the individual eliminated noise from interaction effects from the studies
(Doérner & Dorner, 1996).

The focus on the individual top-manager had several consequences. Firstly, it led to
the restriction of the process to two process stages and flters (see Figure 2). Secondly,
the focus on individual top-managers implied that their characteristics infuenced the
process. Characteristics like personality type, work experience, or cognitive skills may
explain variation and must somehow be accounted for. Initially, this seemed problematic
because it required extensive personality testing of the sample of top-managers. These
people are extremely busy, so their valuable time should be spent on their process,
not on their personality. Research has bundled these characteristics in a construct
called “individual human capital” (Alvarez & Busenitz, 2001), and then disaggregated
it into general and specifc expertise (Alvarez & Busenitz, 2001; Shepherd, Williams,
& Patzelt, 2015; Westhead, Ucbasaran, & Wright, 2005). General expertise pertained
to age, level of education, or gender. Specifc expertise included knowledge about a
particular domain, awareness of the main problems in it, and the skills to solve those
problems. This approach simplifed the research set-up because accounting for the
infuence of managerial characteristics was now reduced to including the curriculum
vitae of participants in the data. It also enabled comparisons between top-managers
with either high general or specifc expertise.

A simple model of variables and relationships was developed. It contained three
variable groups: expertise types, perceived weakness levels, and interpretation
patterns (see Figure 3).

Perceived
Weakness
Levels

Expertise
Types

Interpretation
Patterns

Figure 3: The underlying model

First of all, some or all of the expertise types and levels may lead to a distinct
interpretation pattern (see section 1.1. and Figure 3, line 1). Secondly, some or all of
the levels of perceived weakness may lead to distinct patterns as well (see section
1.2. and Figure 3, line 2). Thirdly, some or all of the expertise types and levels
may affect the level of perceived weakness (Figure 3, line 3). Hence, the following
research questions were postulated:

1) Do different types of expertise infuence interpretation patterns differently?

2) Does the level of perceived weakness of a signal infuence the interpretation
patterns?

3) Do the expertise types lead to different levels of perceived weakness?

1.4. Methodology

The confusion and lack of validation of weak signal research through fragmentation
(see section 1.2.) called for an exploratory approach to better understand the
relationships between expertise, perceived weakness, and interpretation patterns.
Five steps were taken towards grounded insights that validated fundamental
concepts, enriched theory, and directed managerial foresight practice (see Figure 4).

First, relevant literature from multiple disciplines was explored to develop the
basics for the research: the defnition of a weak signal, the process model, and the
weak signal fow through the model. A cluster analysis was used to develop a new
defnition of weak signals. Relevant refnements of the basics, for instance, about
the role of expertise in the process, were noted for comparison with the results of the
feld studies (see chapter 2).

Secondly, an initial feld study was done to validate the basics, as well as a frst
exploration of expert frames. The feld study consisted of exploratory interviews
with 13 successful top-managers of companies that were leading in its industry. The
interviews were coded using a constant comparative method. Analysis of the codes
let patterns emerge, which were used to develop theory about the workings of the
expert frame (see chapter 3).

Thirdly, the reviewed literature was used to design an experiment that would trigger
the weak signal process. Additional literature on expertise was reviewed to develop
the criteria for the sample. Literature on decision-making cues was reviewed to



develop criteria for stimuli and to collect ideas for their research design. The resulted
method was named Scenario Triggered Rateable Articulations of Weak Signals, or
STRAWS (see chapter 4).

Literature Review Field Study 1 Design Study 2 Field Study 2 Exploratory
Multivariate Analysis

Cluster analysis to develop Exploratory interviews with Development of the design Experiment with 20 top-
weak signal definition, expert top-managers to of the field study on the role managers of various Principal Component
Collect basics: process validate basics. of various experfise types, expertise profiles. Analysis to explore the
model, signal flow, role of Constant comparative with the method of scenario Principal Axis Factoring 1o relationships between
expertise method to let expert frameas. triggered rateable develop variables for expertise types, perceived
emerge articulations of weak signals weakness, task expertise, weakness, and interpretation
(STRAWS) and interpretation patterns

(Section 2) (Section 3) (Section 4) (Section 5) (Section 6)

Figure 4: Methodology

Fourthly, the second feld study, the experiment, was conducted among 20 top-
managers with distinct expertise profles. They were asked to interpret ambiguous
stimuli while thinking out loud. Their thoughts were audiotaped, transcribed, and
coded for evidence of perceived weakness, logic, and linguistic patterns. Variables
for perceived weakness, task expertise, and interpretation patterns were formed
with factorial analysis of the codes. Variables for general and specifc expertise were
formed based on the curriculum vitae of the participants (chapter 5).

A multiple factor analysis was used to explore the research questions about the
relationships between expertise types, perceived weakness, and interpretation
patterns (see chapter 6).

1.5. Contributions

This dissertation explored the weak signal process of top-managers with various
expertise types and levels. It was prompted by the astonishing myopia of industry
experts for weak signals of emerging crisis and change in the business environment.
Fragmentation of previous research had led to a myriad of weak signal defnitions,
which severely limited validation. The dissertation was designed to validate
fundamentals such as a weak signal defnition, a weak signal process model, and
the defning aspects of the fow of weak signals through the process. It also was
to build on previous research with regards to the role of expertise in the process.
Findings contribute to both the scientifc and the managerial foresight practice.

Firstly, tools were developed to address the confusion and lack of validation in the
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scientifc foresight practice. Most importantly, a weak signal defnition was developed
that clarifed what weakness represented. The defnition was developed based on
a cluster analysis of 40 defnitions retrieved from literature. The analysis separated
keyword clusters that explained most of the variance in the 40 defnitions. Existing
defnitions could be related to the new one using common keywords. This way,
the new defnition can function as a linking pin between studies with inconsistent
defnitions and support at least partial validations (see chapter 2).

In addition, an index for perceived weakness was developed to enable the
emergence of distinct interpretation patterns per weakness level. An index might
help explain the discrepancy between two theoretical assumptions about weakness.
Firstly, it was assumed that perceived weakness covaried with knowledge about a
signal. Perceived weakness could decrease when knowledge on a signal increased.
Secondly, it was also assumed that weak and strong signals differed in process fow:
strong signals followed a smooth pattern, and weak signals an iterative pattern. In
other words: a binary pattern difference for a continuous variable. This discrepancy
may hide variation in process fows per weakness level, that in turn may lead to the
development of less effective foresight methodologies. The index did indeed reveal
variation in process fows per weakness level. Thus, the dissertation’s index adds to
the fundamental tools of the feld (see chapter 5).

Furthermore, a systematic method was developed to trigger weakness perceptions.
Because the perception of weakness is idiosyncratic, studies on perceived weakness
can collapse when the sample perceives stimuli as strong. Likewise, earlier studies
had also developed stimuli sets that were most likely to trigger weakness. Among
their solutions were sets containing fctional new technologies or the recollections of
weak signals. These sets did trigger weakness, but also led to questions about the
homogeneity of stimuli within a set. The absence of homogeneity may lead to a set
thatinduces more response types than the one under investigation. The dissertation’s
systematic method reduces that risk and is not limited in its application. Its stimulus
design guidelines give researchers the freedom to develop weak signals for specifc
audiences while maintaining generalizability and validations (see chapter 4).

Secondly, the dissertation’s fndings contribute to theory in two respects. The
variation in process fows per weakness level was the most fundamental fnding.
The variation showed that the largest difference in interpretation patterns occurred
between strong and hardly weak signals instead of strong and very weak signals.
It also showed that a very weak signal and a strong signal exhibited a similar fow.
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The variation indicated that perceived strength and weakness may be two separate
factors and thus provide new arguments for a separate, distinctive process and
methodology for weak signals. The smoother fow for weaker signals may also refect
why weak signal interpretation is so tricky. Because perceivers know less about
the weaker signal and have fewer signal similes in their reference frame, they can
identify fewer clues to use in meaningful logics. This suggests that effective foresight
methodologies should include tools to link very weak signals to existing knowledge.
If such tools are not included, methodologies may merely result in myopia for weaker
signals and thus lead to false feelings of safety and control (see chapter 6).

Another fundamental theoretical contribution concerned the role of various expertise
types. Findings indicate that expertise types do improve weak signal processing
but at different stages of the weak signal process. At the detection stage, general
expertise can increase the number of detected signals. During the interpretation
stage, general and task expertise can improve argumentation logics, while deep
industry expertise can connect signal interpretation to existing and former policy,
processes and outcomes (see chapter 6).

Thirdly, the dissertation’s fndings contribute to the managerial foresight practice.
Findings can assist top-managers when they want to design or improve a process
to increase their company’s awareness of emerging threats and opportunities. The
fndings explain how conventional approaches can improve by decreasing focus,
distribution of expertise throughout the process, and the use of specifc logics. They
also explain why the popular wish for more diversity in top-teams is justifed, albeit
in a different way than authors and instructors explain. Instead of a focus on gender
or cultural background, it may have more effect if the focus is on the diversity of type
and quality of expertise in the board room (see chapter 7).

1.6. Dissertation Structure

The structure follows the research design presented in section 1.4. Chapter 2
presents substantial fndings from the literature review on the weak signal process
and the role of expertise. It also includes the development of the new weak signal
defnition. Chapter 3 includes the frst feld study design and results. Findings
validated the basics from the literature review and brought new insight into the role
of expert frames. Chapter 4 offers the methodological fndings from the literature
review and the subsequent design of the second feld study. Part of the design is
the STRAWS method: the scenario triggered rateable articulations of weak signals.
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The method was developed for the second feld study but broader applications in
mind. Chapter 5 describes the data collection in the second feld study and the
subsequent development of variables such as the index for perceived weakness
and a variable for task expertise. Chapter 6 details the method of data analysis of
the second feld study and its results for the relationships between expertise type,
perceived weakness, and interpretation patterns. Chapter 7 compares and contrasts
the fndings from the literature review and both feld studies. Implications of the
fndings for the managerial and scientifc foresight practice are discussed, as well as
suggestions for future research. The epilogue presents learnings from dead-ends in
the exploration.

13



WEAK SIGNAL BASICS
FROM LITERATURE

You actually only want that piece... uhm...
want to know what signal applies to your business at this point in time.

Field Study II; Participant 11

A multidisciplinary review of weak signal literature was performed to establish
the current state of knowledge on the process. Its results were used to develop
a weak signal defnition that encompassed the many meanings of weakness from
each contributing discipline. The multidisciplinary approach was chosen because a
classic systematic search led to unhelpful search results. Too few papers surfaced
from the Web of Science and Scopus databases when keywords were restricted to
titles, and far too many when the title parameter was toggled to topic. Other review
methods were perused (Grant & Booth, 2009), but only a multidisciplinary approach
resulted in a substantive list of results within the dissertation’s focus.

Papers on weak signals can be found in loosely related research disciplines that
range from climate impact to semiotics and medical diagnostics. Somewhere in
between reside the most relevant disciplines to fnd out what happens in the weak
signal process of top-managers. The discipline selection is explained in the frst
section (section 2.1.).

Section 2.2. presents the fndings in three themes: the process, the role of expertise,
and the concept of weakness (section 2.2.). Weakness emerged as an ambiguous




concept, that was described and operationalized in a multitude of ways. The next
section presents the cluster analysis of the reviewed weak signal descriptions and
the new weak signal defnition that emerged from it (section 2.3.). In the last section,
the implications of the literature fndings for the next step in the dissertation’s
research are discussed (section 2.4.).

2.1. Search

The literature search followed the usual approach of multidisciplinary reviews
(Aboelela et al., 2007; El Akrouchi, Benbrahim, & Kassou, 2015; Forbes & Milliken,
1999; Rohrbeck & Bade, 2012; Rossel, 2011). Search consisted of multiple iterations
of a broad search query to which a keyword for a research area was added. The
keyword search was based on the steps developed by Tranfeld, Denyer & Smart
(2003). First, keywords were selected from the focus description: top-managers
perceiving weak signals from the environment for strategy formation. Second, a
list of synonyms for each keyword was developed. For instance, the synonyms for
signal were sign, cue, clue, information, knowledge, intelligence, information, and
stimulus. Third, various combinations of keywords and synonyms were used for
multiple search queries in the Web of Science Database and SCOPUS. Lastly, titles
and abstracts were read to assess the effectiveness of the synonyms in the query.
The most promising titles were added to a master list of eight must-have papers. On
the list were two types of papers. First of all, the list contained seminal papers such
as the paper by Ansoff in which weak signals were introduced as a concept (Ansoff,
1975). The second type of papers were studies at the core of the dissertation’s
focus, such as the paper by llmola and Kuusi about the workings of perceptual flters
(Ilmola & Kuusi, 2006). The master list is included in appendix A (see appendix A).

When the keywords in the query were found effective, subsequent queries ventured
systematically into various research areas. Among the research areas were
business and economics, psychology, communication (particularly information
theory), and behavioral sciences. After reading the lists of titles per research area,
several disciplines began to stand out because they had signifcantly more papers
on signal perception than others. Within these well-represented disciplines, only
the disciplines inside the dissertation’s focus on the weak signal process of top-
managers remained. Papers on lower management levels, objective forecasts,
specialized environments, or different tasks were disregarded. Disciplines that
focused on top-manager perceptions of signals in the general environment for the
purpose of strategy formation remained. Within the group of remaining disciplines,
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four were selected. Foresight was the obvious choice as it focused on methodologies
to improve weak signal perception (Bell, 2001; Rossel, 2012). Sense-making was
included because it shared the dissertation’s focus on signal perception, albeit in
retrospect (Maitlis & Christianson, 2014). Entrepreneurship research was included
because of its focus on perceptions of new opportunities (Ardichvili, Cardozo, & Ray,
2003). Strategic choice was added for its emphasis on the perception of strategic
issues in uncertain environments (Child, 1997). Other disciplines were rejected
because their foci