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Abstract

BackgroundA review done by Oceana on more thsro hundredstudies found thatwenty

percentof the globally tested seafood samples were mislabelled (N= 25000). &¥fdtlies sixty-

five percentincluded clear evidence that economic incentives lead to the millageMislabelling

of products does economically deceive consumers and may also have negative consequences on the
sustainability of the fish industrlockchain traceability could prevent fraud related to fish
mislabelling.The blockchains ability to sfeaand storammutable data entries makes the subject of
traceability within the food supply chain an interesting application aessait promises to simply the
detection of fraud.

Method: The willingnes®f the Dutch fish industrjo adopta blockchain bsed traceability system
has beerinvestigated, usingy 2 3 $hidiyzon the dffusion of innovations andjzen@theory of
planned behaviourA questionnaire was developed based on these theo@ésin participants are
selectedto take part in an onlinguestionnairecoveringall factorsof the previously mentioned
models.Answers wergeportedon a fivepoint Likert scaleRespondents data were analysed using
binomial logistic regression

Result:Sixtyone chain participant€omplaed the questionnaire Resultsindicated that thirty
percentof the participants have théntention to adoptblockchaintraceabilitywithin the nextfive
years None of the respondents currently employetlackchairtraceability system.

Regarding the current state of traceability in the Dutch fish indysbngy-four percentof the
companiessaid touse a traceability system that contains a mix of paper and digital procdsme.
one percenpf the respondents sed a papebased traceability system, whifdteen percentstrictly
used adigital system.

Modelling the btal Likertscore of all eightactors of the theory of planned behaviour and theory on

the diffusion of innovationsising binomial logistic regrass was found to have the best capacity to
LINSRAOG 2ySQa ¢gAffAy3dySaa fait@sAttite? lodarddthez O1 OK I A Y
behaviour, Subjective norm, Observability and Complexity were found to have a significant
correlation with the intentiorto adopt.

ConclusionPractitionersoffering blockchain traceability servicesould consider focusing on the
constructs that had a significant correlation with the intention to adopt, which were: attitude

towards the behaviour, subjective norm, obseniiipj and complexity. Furthermore, results

signified that digital traceability systems give their users significantly more satisfaction than paper
based systems. It remains for further research to conduct a total supply chain enveloping study with
an intemational focus, as differences in the willingness to adopt blockchain traceability at different
locations or cultural backgrounds could impact the potential of the innovation.

Main limitations: Potential participants were contractatirough internet search. This might have
caused a coverage error as companies thdtndt have any online preseneeere excluded from the
sampling pool. This could possibly have tilted the samptbganore technologicainterestedpart

of the population.

Statistical validation of the usegliestionnaireinstrumentwas planned tdake place using factor
analysis. Howevethe number ofdatapoints for the number of variablés be testedin the factor
analysis was too lovDue to a lack of statistical elgnce backing the validation of thused
guestionnairgthe only validity to theusedinstrument is granted by extensive usevatfriables
previously used in validated instruments.
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1.INTRODUCTION

The first chapteof this reportprovides information about thetatus of traceability in the European
food industry The problem statemenfocusses orturrent traceability issues arfcaud within the
fish supply chain. Subsequentlye research objective and the research questions are provided

1.1 BACKGROUND
LY Hnnu (GKS 9dzNRPLISIY ! yA2yQa DSYSNIf C22R [Fg Sy
comparabé to a constitution for food law inside the European Union. Article 18 of the General Food
Law compels food business operators to implement a food traceability system in their businesses
(Regulation (EC) 178/2002; 18.1). It states that businesses mubtd@aginpoint both the origin
and destination of their products. Furthermore, they must be able to present this information on
request of the competent authorities (Regulation (EC) 178/2002; 18.2 & 18.3). Traceability is the
main tool businesses and auttities possesso swiftly remove products from the market that are
unsafe or do not meet preet quality criteria. In addition, it allows for targeted withdrawals and the
sharing of more precise information with the consumer (European Commission, 2007).

Article 18 of the General Food Law possesses agyimited formulation; it does not prescribe with
what tools traceability must be achievéBuropean Commission, 2010his more lenient approach
gives the industry the flexility to implement the mossuitable system on a case by case basis. Two
main types of traceability systems can be discerned: papsed and computerized systerf@lsen

& Borit, 2018) According to Olseand Borit most traceability systems in the food industry are
currently computerizedbut manual papethasedsystems were common practicmtil few years ago
(Olsen & Borit, 2018)

Recent innovations caused a third traceability systeatiom to be explored; blockchain based

traceability systemg§Tian, 2017)Blockchain technology was initially developed as the driving force

behind the cryptocurrency BitcoifYliHummo, Ko, Choi, Park, & Smolander, 20#&kamoto,

2008) Blockchain technology has wider applicability than just digital currency éRilkéngton,

2016) it allows for unique pieces of digital property to be distributed, but notedpin such a way

that the transfer is guaranteed to be secyfendreessen, 2014) L G A a YWeeigénhg, and2 NBR 0 @
26yYSR yR 02y i(SRah AR p. AR legger erdrigséannbe changed or

removed(Peters & Panayi, 2016roshy, Nachiappan Pattanayak, Verma, & Kalyanaraman,,2016)
blockchain technology can be a tool to prevent fraud and defeat counterfeit products in the food

industry (Goverment Office for Science, 2015)

1.2 PROBLEM STATEMENT
The evetincreasing globalisation of trade partndiienekens, Wognum, Beulens, & van der Vorst,
2012)and the rise ofmarkdable products calldr trustworthy and reliable methods to verify
product claimgEspifieira & Santaclara, 2016) addition, the increase of available certification
schemes for food products may cause an escalation in the amount of food(feaydrewster, Spek,
Smeenk, & Top, 201 7urthermore, other stakeholders such as the government and consumers are
demanding transparency in their supply ch@imienekens, Wognum, Beulens, & van der Vorst,
2012) Paperbased traceability systems may not possess Hybilities to efficiently cater to these
demands. While computerized systems are better equipped, they still require a certain level of trust
between stakeholders, as input data can be changed or manipulated afterwards. In addition, this



information is stred either on paper or in a central database. This method is costly, and in the case
of paperbased storage, highly inefficient. It is known as a source of fraud, there is also a potential of
datacorruption(Ge, Brewster, Spek, Smeenk, & Top, 2017)

Seafood is a global commodity. Of the seafood consumed in the European Union 54 percent is
imported (EUMOFA, 2017The American Food and Drug Administration identified 1,700 different
seafood speciethat are likely to be sold in the United Stai@¥arner, Timme, Lowell, & Hirshfield,
2013) With similar numbers to be expected on the European market, it is difficult for the consumer
to independently determine what specie$ fish they are buying. In the United States 33% of
seafood products have been found to be mislabelled (N=1@A&yner, Timme, Lowell, & Hirshfield,
2013) A review done by Oceana on more than 200 studies found that 20% gfdbally tested
seafood samples were mislabelled (N= 25000). Of the 200 studies 65% included clear evidence that
economic incentives lead to the mislabellifWarner, Lowell, Geren, & Talmage, 20Hjorts of

the European Wion to curb fraudulent trades caused the amount of mislabelled seafood items in
the EU to drop from 23% in 2011 to 8% in 2@d&slabelling of products does economically deceive
consumergWarner, Lowell, Geren, & Talmage, 2046) it may also have negative consequences
on the sustainability of the fish industfyacquet & Pauly, 2008ecause of the increasing

complexion and obscurity in the seafood supply chain not msikhawn about where the

mislabelling fraud actually happe@@/arner, Timme, Lowell, & Hirshfield, 2018%cording to Rejeb

the advent of blockchain traceability could prevent fraud related to fish mislabéRapeb, 2018)

The blockchains ability to share and storenutable data entries makes the subject of traceability
within the food supply chain an interesting application afEeancisco & Swanson, 2018)

Previous studies looked #te promising prospects of blockchain use as a traceability tool. To date,
no research has been conducted towards the attitude of the fish industry towards the use of
blockchain technology. The implementation of blockchain technology is a potential paradig in
traceability(Ge, Brewster, Spek, Smeenk, & Top, 2B&ausédlockchain is a relative new
technology it is poorly understoaahd the intentof the food industry taadopt itin supply chain
traceability is unknowrjFrancisco & Swanson, 201B)ockchain traceability in the seafood sector is
deemedto be highlysutable (McEntire & Kennedy, 201%lowever transferring toa different
traceability system is exymsive and intensive woilKher, et al., 20107 hese drawbacks can be an
obstacle in the adaptation of thisew system(Bosona & Gebresenbet, 2013)dditionally, as
stakeholders have different interests and priorities regarding transparency and tracefhfidge &
Toporowski, 2013) As such,lte onset of blockchain based systems might not be as desired by the
fishingindustry as blockchaianthusiastsbelieve

Existingliterature onblockchairtraceabilitypredominantlyconsist ofexploringworkableconcepts
Empirical studies towards actual adoptiortle industry is lackindYing, Jia, & Du, 2018)
Consequentlyit is ofinterest to study thendustries attitude towards$actorsthat determinethe
willingness to adopblockchaintraceabilitythat mightimprove its diffusion ratéFrancisco &
Swanson, 201§Kamble, Gunasekaran, & Arha, 2019)e factors that will result from this study
will help blockchaimmarketersand traceabilityprofessionald¢o devise a betteimplementation
program.



1.3 RESEARCRUESTIONS
The objective of thistudyis to assess the willingness to adopt a blockchain based traceability
system among different actors in the fish industry. The following research questions will be
answered:
1. What are the relative advantage adisadvantagesf a blockchain traceability system in
comparison to papebased and computerized systems?
2. What is the current state of traceability in the seafood seetor
3. What is thewillingness of companies in th2utchfish sector to adopt a blockchain based
traceability systemand which behavioural factors influence this willingness?

1.4 THESIS OUTLINE
After the introduction ofthe issue at stake theubsequentiterature reviewfocuses on two main
subjects The first chpter considerghe literature reviewcentring aroundthe theory ofblockchain
technology traceability requiremergin the fish supply chaiandanoverviewon the key differences
between papetbhased, computerized and blockchain traceabiiggtems Chapterthree discusses
the methods appliediuringresearch The results of this study are presentiedchapterfour. The
results of this study are further analysatthe discussion of chapter fiv&he conclusions dhis
study are drawn up inf@aptersix
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2 MATERISANDMETHODS

2.1 RESEARCH MODEL

To give better insight into the research methodology a research model was conceptgigeaa

1). The research model is divided into different phases. The following phases will be completed to
reachthe final conclusions:

(@)

(b)

(C)

(d)

(€)

Literature research: Literature research:
How does a blockchain system What are the requirements for the
function? traceability of seafood?

v
Literature research:

RQ1: What are the relative advantage and Literature research:

disadvantages of a blockchain traceability What characteristics influence the

system in comparison to paper-based and willingness to adopt Blockchain
computerized systems? traceability?

O

Materials and Methods

v
Field Research:
RQ2:What is the current state of
traceability in the seafood sector?

RQ3: What is the willingness of
companies in the Dutch fish sector to
adopt a blockchain based traceability
system. and which behavioural factors

influence this willingness?

A 4

A 4

Analysis

A

h 4

Conclusions

Figurel. Research model

a) Literature research consisted of three different subje&iisstbasic exploration of the

technical workings of a blockchain system took place. This allowed a deeper understanding
of literature regarding the advantages and disadvantagk®ekchairtraceability system

might possess. Subsequentliye legal requirements for traceability in the Dutch fish

industry were examined to see if a blockchain system could adhere to thenre$hited in
answering the first research question. Finally, a literature study was conducted on the
specific factors that influence the characteristics that influence the willingness to adopt.
These characteristics were analysed and adapted for use ifiefderesearch.

b) Designing the research methodology.

11



¢) The second and third research questicavhbeen answeredby a combination of literature
research to form a reliable research instrument and applying this instrument in the form of a
survey in theDutch fish industry.

d) Analysis of the results and compariswith literature results.

e) With all steps completed the final conclusions on the willingness of the Dutch fish industry
to adoptblockchaintraceability systemsvere formulated.

2.2 UTERATURE REVIEW
RQ1 was answered through literature revieds blockchain traceability in the food industry is still in
its infancy, an understanding of the technical fundamentals and pros and cons regarding the use of
blockchain technology in a food traceability systeaswdeemed an essential part of this study.
Literature research towards the technical fundamentals of blockchain technology were kept to the
basic aspects as the traceability features of blockchain do not differ substantially between its
established use amonetary traceability system and for traceability of foodstuffs.

Insights into the relative advantages and disadvantages were of importance as an innovation
without benefits will have little to no viability. As the adoption of blockchain traceabilitgidetof
monetary assets is still a small market its potential use case as traceability system in the food supply
chain is still not fully explored. Observations regarding this topic were gained from literature
research and a firdhand accounts of actuake cases. The gained observations were of help in
determining what technical and/or practical elements are of hindrance to blockchain adoption in the
Dutch fish industry.

2.3 SURVEY WIDEL JUSTIFICATION
RQ and RQare answered through conducting a survey under food business operators in the fish
supply chain in the Netherlands. The questions drawn up for the survey are based on the
O2YLX SYSy il NE LINARYyOALX Sa 2F !21SyQanefKS2Ne 27
Innovations. Using these two models, the series of processes that determine the willingness to adopt
can be explained in more detail. The two models Hasen usedextensivdy in explaining the
adoption of information systems as their basic factoms significant determinants in the adoption
procesgWeigel, Hazen, Cegielski, & Hall, 2014)

2KAES 121 SyQa ¢KS2NR 2F tflFyySR . SKI @A2dz2N) KI &
of consumers, there is a certain loghat is notsuitable for use in organisational settings with its
dynamic evaluation progression by multiple persons and departm@otsnston & Lewin, 1996lf

the subject matter concerns small businesses this logic iefldvecause small business decisions

are predominantly made by a single perq&outhey, 2011)in 2018, 236 cutter fishery businesses
were active in the Netherland®/ol, 2019a) These businessesnployed 1313 fisherme(Mol,

2019b) Of theserelatively small sizeompaniest can beexpected that business decisions anade

by one single decision maket.K S NB ¥ 2 NB = wa®cbrSigetedvell Sukefifar @ arrent

case of fisheries in the Netherlands whichthe average cutter fishing business has 5.6 employees.
Thompsorand Panayiotopoulos have shown that the predecessor of the theory of planned

0SKI @A2dzNE | 21 Sy a Q , carkirfieed e wiedsfulNBiple®ty shRll blisibasse® Y
(19990 Ly (i KA athedry idzieémed t8 the & yaidble tool to evaluate the willingness to

'daly

adopt on the primary supplierlevél 21 Sy Qa ¢KS2NE 2F tf+FyySR . SKI A2

analyse the willingness to adopt a large number of innovative technol@gaable, Gunasekaran, &
Arha, 2019)

12



w23ISNEQ 5AFTFdzaAz2y 27 L yopt@drdprodessanai orgarizgtionalyseiting. G Sa 2y
w23ISNEQ GKS2NE A& y20 2yfe 02YY2yfe dza&@Ratiz2 RAA&C
the individual leve{Taherdoost, 2018w 2 ISNE Q 5 A F F dza A 2 descibed ds gt B (G A 2 y 2
model. Macro models assume the population to be rather homogenous in their inclinations.

Although such a model siitableto generate insigtgin the willingness to adopt emergent

innovations, amicro level model is better suited tnalyse the excitement on the market for a

LINE RdzOGi @ a A ONB f S @theoryviPRishédBehavid Kre betier dqupped 16 Q a

deal with the heterogeneous social network structures that might be present at a business level.

Combining the two dieérent modelshasproposed to gain a clear insight in the processes at a large

and small scaléTumasjan & Beutel, 2019)

121 SyQa ¢KS2NE 2F tflyySR . SKI @erehtudsddmbigeRintoy 2 3 S N&E Q
one worlable model by following the innovation adoptidr@haviour model proposed in the work of

Weigel, Hazen, Cegielski & HalD14) This model is little more than the combination of the

previously two mentioned models (Figu2).

Theory of Planned Eehaviour

Perceived

Attitude Subjective norm behavioural control

h L4 L 4

¥

F Y

Innovation Adoption Mindset

F Y A F

Compatibility Relative advaniage Observability Trailability Complexity

Diffusion of Innovations
Figure2. Innovation Adoption mindset model

Adapted from Weigel, F. K., Hazen, B. T., Cegielski, C. G., & Hall, D. J. (2014). Diffusion of innovations and the th
planned behaviour in information systems research: a raet@ysis. Communications of the Associatioriritarmation
Systems, 34.

la GKS O2yadNdHzOG 2F O2YLX SEAGEE 6KAOK A& I+ Tl OGz2
construct negatively related to the intention to adopt, ttrait was transformed to represent

simplicity in some instances. Simplicity is the opposite of compl@Rigers, 2003)'ransforming

the construct of complexity into a positive related trait causes equal comparison oppiesias all

the other constructs are also positively defindthemodels of thetheory of planned behaviour and

the diffusionof innovationsare described in more detail in the literature review.

2.4 SURVEY

2.4.1 Survey participants
Inthis study, thesupplychain kas been divided intoonsecutive staged he following list shows a
summary of thevarious stageand their main cooperativeis the Netherlands
9 Primary producer (1)
o VisNed
o0 Cooperatieve Visserij Organisatie
o Nederlandse Vissersbond

13



1 Producer (2)
o DeVisfederatie
1 Wholesale (3)
o De Visfederatie
o Nationaal Overleg Visafslagen
1 Retail (4)
0 Centraal Bureau Levensmiddelenhandel

The listed cooperativesere contacted and asked to distribute the link to the survey to their
members. If the cooperativeasnot responsive to the request;mails of the relevant businesses
were manually procured through thorough scanning of the internet. A complete overview of
communication towards (potential) participants, includingrail, survey preface and the questions
themselvess presented iAppendix A. Businesses in small scale fisheries category where omitted
from the survey as their main mode of catching is with rodtanding rigging or traps, which has a
very low catch volume compared to cutter fishifdol, 2019c) The total population of companies in
the Dutch seafood sector are presented in Table

Tablel. Registered number of companies per supply chain link in The Netherlands

Supply chain links Number of
companies in chain
(1) Cutter Fisheries 236*
(1) Fish farms 50**

(2) Fish and/or shellfish 125%**
processing plants
(3) Fish auction houses 6] oSkl

(3) Fish wholesalers 515%**
(4) Fish specialty shops 625***
(4) Supermarkets 3270%*+*
Total 4856
* (Mol, 2019a)
o (NVWA, 2017b)
(CBS, 2019)

2.4.2 The case for usirg5point Likert scale

The attitude to the various constructgasmeasured using a-point Likert scale. A-point scale has
the advantage over-2and 3point Likerttype scales as it allows for the intensity of the statement to
be detemined. The original¥point format also yields better quality results tharp@dint or more
Likerttype scalegRevilla, Saris, & Krosnick, 2014)

2.4.3 Data analysis

For all Likert items the originatoint scalesvere used, beingiS#ongly agreE QQ WY WeiHNBE S>> QQ \
agree, nor disagree Q Q W W 5SkranglyHiNdsEesDibpotdtiscale of every Likert item in the
jdzSatA2yYYyYFANB g6l & ydzYSNAOKf t &4 FRNUBRATNRY I &F RNJ:
suchWQY SAGKSNI FANBSE y2NJ RAalIINBSQQs gt a ydzyYSNAOI
Likert scales were formed by combining and averaging all numeric scores given to the Likert items
belonging to a construct. This resulted in a Likert scale score for every particapging from-2 to

+2. The main response variable of this study was the willingness to adopt blockchain traceability. The
FyagSNI OF 1S3aA2NASa G2 (GKA& jdzSadAazy 6SNBY WQ, SaqQc¢
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respectively. As the dependent varialideon a dichotomous scale, binomial logistic regression was

used to identify the probability that a respondent would or would not like to adopt blockchain

GNJ OSIroAfAdle o0lFlaSR 2y (KS NBaLRYyRSyiGiQa FyagSNRER
items grouped by behavioural factor, were mainly used as independent factors, and were treated as
AYGSNIEE RIEGEFE®D LY FRRAGAZ2Y -rdp@tediblc&chakygoiladyedzO G a = G K
was also used to predict the willingness to adopt using biabhlogistic regression. The possible
NBalLlRyasSay WQO9EGSYaAdSQQOs wo{2YSQQ:r yR WQb2QQ ¢

2.5 SIATISTICAL ANALYSIS
The significance level @lll performed statisticalestswas set at' =0.05 Data analysis was
performed usingBM SPS26.

2.5.1 Interpreting Likert scales using parametric statistitisnale

The statistical treatment of Likert scales have been a-kiagding controversial topic in scientific
debate(Knapp, 1990{Carifio & Perla, 2008There is no current consensus on whether Likert scales
solely produce ordinal data or if the data may also be treated as interval ldad#her words, there

is no generally agreed view on wher Likert scales produce answers were only the order matters
(ordinal), or if the difference between the data points can also be measured (inteTi).

distinction is important as opting for interval data would allow for use of more powerful parametri
tests(Allen & Seaman, 20073everal researchers have shown that canirig several ordinal data
points can produce good interval dagallen & Seaman, 200{Boone & Boone, 2012Carifio &

Perla, 2008}Sullivan & Artino, 2013)n this study, thd.ikert scalesvere treatedas interval dataln

the words of Normarf2010Y WQt I NI} YSGNR O adl dAadarda Oy o6S dz
sizes, with unequal variances, and with rearmal distributions, with no fear of coming to the
GNRYy3 02y O0fdzaA2yQQo

Q)¢
(V)

Howeverthe statisticatreatment of a single Likert iteewasachieved through noiparametric tests
asthe datafrom a single itemare commonly accepted aseingordinal (Carifio & Perla, 2008)
(Boone & Boone, 2012)

2.5.2 Paametric tests

2.5.2.1 Research question 2

User satisfaction witlthe currently employed traceability system wedllected and rated on five-
point scale betweenr2 and +2Subsequentlythe satisfaction scores wesmmpared for the
different type oftraceability systemsTo test for significaratisfaction differencea one-way
ANOVAwas performedTo check ithe assumption ohomogeneity of variancesas notviolated
Levene's test for homogeneity of varianeas conductedSignificanbutcomes of the ANOVA test
were followed up with a Pogtloc analysis.

f Ifhomogeneity violated® St OKQ& ! bh +!
0 PostHoc equal sample siz&samesHowell
0 PostHoc unequal sample siz&samesHowell
1 If homogeneitycorrectly assumedraditional Fishe@ ANOVA test
0 PostHoc equal sample sizeBukey
0 PostHoc unequal sample sizddochberg's GT2

2.5.2.2 Research question 3
To testif the average response value of a construct (interval variabl@fluenced byhetheror
not participants in the survey indicatetl¢ willingness to adogihominal variable) amdependent
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samples test wasused For the constructs that violated the assumption of homogeneity of variance
the Welch's ttest wasused.

2.5.3 Nonparametric tests

2.5.3.1 Research question 2

Research question #rasevaluatedusing question 3 of the survey\@hat characterizes your
company's currentraceabilitysystem®dnd question 4 of the surveyWHbw satisfied are you with
your company's currerttaceabilitysystem®To analyse if differences in used trabdity system
exist, based on what level of the supply chain the company functiofimtt nominaldata), Fisher's
Exact Test was performedhis this is more appropriafer small sample sizes thahe Chisquare
Test

2.5.3.2 Research question 3
CAaKSNRa SEIFIOG GSaid ¢l a O2yRdz00GSR i dlodkchaind F2 NJ |
traceabilityand the differentievel ofsupply chain linkdiscernedboth nominal data)

2.5.4 Validity

Construct validity

Because the composed questionnaire has been field tested before, statistically testing the

validity of the composed constructs is of importance, as the survey must be reliable and valid for the
study results to be crediblSullivan, 2011)

To check the vality of the questionnaireexploratory factor analysiwas used Exploratory factor

analysis can be used to test how many factors are in play. Ideally, this should be the same as the

number of constructs in the model. Subsequently, it tests if Likert itd¥atsare grouped in the

survey also get grouped in the same factor. Exploratory factor analgsideemed appropriate

especially since the Likert iterirsthis studyhave been partly procured from other studies on a

similar subjecindhave been translad. To check if the collected data is fitting for exploratory

factor analysis the Kaisdeyer-Olkin measure of sampling adequacy (k&) wasused. A KMO

valuelower than 0.5 would indicat¢hat the datasetwould be unsuitabléor factor analysigField,

2018)Cl O 2NJ SEGNI OliAz2zy A& asSi G GKS TWeesultsHNDE ONA i
GKS YIFIA&aSNRaE ONAGSNR2Yy SEGNI OGA2y gAfedepld@aS G(SadSF
Only data points above the point of inflexion are meaningful factisld, 2018)

Additionally, theory suggests that more thorough validity evidence can be obtained using
confirmatory factor analysigHowever confirmatory factor analysishould not be performed on the
same data athe exploratory factor analystsgas been performed ofKnekta, Runyon, & Eddy, 2019)
As the questionnaire was only conducted once, no confirmatory factoysisalas performed.

2.5.5 Testing for reliability: Cronbach alpha

To check if the Likert items that are grouped together to measure a construct are consistent with

SI OK 20KSNJ / WwBqTofl A0 SRBIK/IF £ Odzf  GAYy3a / NRyol OKQA
if the Likert items are sufficiently intercorrelated tornbine them together into a Likert scale

(Sullivan & Artino, 2013Jor this purposdour to six Likert items were combined into one scthe

amount of items per construct were limited to sixakigher number of items mawflate the alpha

score(Hinkin, Tracy, & Enz, 1997)

Tocalculate/ N2 y 0 dlpBeka@ample size greater than 30 is required. For psychological constructs
an alpha score greater than®is accefable (Samuels, 2015hile a score of .8 should be

considered a reasonable gq&@liem& Gliem,2003) A Cronbach alpha scokeascalculated

separatelyfor each of the eight constructs.
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2.5.6 Pearsorcorrelation
To test the strength of association between the constructs of relative advantage, observability,
trialability, complexity, compatibility, attitude towards the behaviour, subjective norm, perceived

behavioural control, and the variable of thé\i f Ay 3y S&da G2 FR2LJ o6f 201 OKI A

correlation coefficient was calculated. Constructs with a significant correlation to the willingness to
adopt were later used in a binomial logistic regression analysis.

2.5.7 Binomial logistic regression

Binomial logistic regression analysis was employed to predict the outcome of the dependent
variable, which is the willingness to adopt, using multiple independent variables in the form of the
composed constructd hree different model$o predict the willingress to adoptvere examined:
Individual scores of all eighbnstruct scoresf the innovationadoption mindset model, individual
scores of all Pearson correlated constructs,-sgtforted Blockchain knowledgef survey

participants.

t SRdzl T A Q dineSwiere¢nipldyeddaldkt&Bine the number @bvariates thatould be
appropriately included in the analysis relation to the sample sizén the work of Peduzat al. the
following sample size guideline was introduced; [N = 10 k / p] wherein p represents the smallest
proportion of the dependent variable and k the number of covariates to be incl(deduzzi,
Concato, Kemper, Holford, & Feinstein, 19%8henthe guidelineindicatedthe sample size as
inadequate constructswere combineduntil conditions were satisfied.

The capacity dbinomial logistic regression models to explénthe variance in the willingness to
adopt was exploed usingNagelkerke RThe goodness of fif the model to the data was
subsequently explored using Hosmer and Lemeshow.

258 | dZNDAOK FYR ¢&FAQad ONRGSNR2Y o6! L/ OO

Multiple different binomial logistic regression modei®re analysed.To select the best modé&b

predict the willingness to adopt blockchain traceabjliiyKk S | dzZNIJA OK | YR wasi | A Q&
used Al@is a goodness of fit measure that is based on Akaike Information Criterion but is more
suitable for small sample sizes. The model with thalter AICc value better fits the datgield,

2018) In the AICc equation, k represents the number of parameters and n the number of
observations

0 "06 @ ¢h ¢ Q) WA ¢QQ p F&¢ Q p

2.6 LIMITATIONS OF FRRCH DESIGN
The survey mainly consest of Likert items. Answers to Likert items are known to be susceptible to
distortion by several factors. These factors include the inclination to agree with statements, also
known as the acquiescence big&adler, Weston, & Voyles, 2014he effects of this bias have been
party negated by formulating 20% of the questions in a negative way. Ttusasalanced
proportion of positively and negatively formulated items, which might be neglio fully negate
the bias(Hinz, Michalski, Schwartz, & Herzberg, 208nptherlikely occurrences the central
tendency bias, this effect is causBy respondents avoiding to answer on the extreme edges of a
Likert scalédNadler, Weston, & Voyles, 2014)

Under ideal conditions a new survey is first tested for reliability and vabgligmploying the survey
to some individuals of intended populatidefore being used to sample tmemainder of the
intendedpopulation. Due tdime constraints it was decided to use the survey to sample the
populationdirectly. Pretesting frequently revés flaws in that were not apparent to the researcher.
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This could for example have caused questions to have been interpreted differently by the
respondents than was intended. To possibly negate negative effects of the lack of pretesting it was
decided to adpt survey questions from other studies that had validated their instrument. The

survey in this study, excluding demographical questions, consists of 38 items. Of these items 9 were
drafted for the purpose of this study without the use of reference matefiihe other 29 questions

were adapted from other studies (see appendixje fit of the 29 referenced questions for use in

the questionnaire of this study could not be further validated as individual results of the referenced
studies were not acquired.

Before conducting the questionnaire, no information was available that indicated the degree of
knowledge the respondents might have about blockchain traceability. To negate the risk that most
respondents lacked any knowledge about what blockchain tradgaeéiitails, basic information

about the system was included befattee start of the surveyThis method might be considered
flawed as respondents could have been influenced by the information they have been given.
However, it seemed suitable to providespondents that had no previous knowledge about the

topic at least some insight into the matter.
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3 LUTERATURE REVIEW

3.1 BLOCKCHAIN
Blockchain technology is still in its infar{tjurphy & Stafford, 2018nd currently has a low
adoption rate among the food industry. Several different use cases for the technology are still being
explored. Yet, enthusiasm for the technology is strong. Some see blockchain as the biggest invention
since the internet and electricifMetry, 2017)andsaythat it will have a big influence in the years to
come(Webb, 2015)Blockchain technolgyis coined a potentially disruptive technology in
information exchang&vhichrequires authentication and wist (YliHummo, Ko, Choi, Park, &
Smolander, 2016)A survey conducted by the World Economic Forum under more than 800
executives and experts in the computer technology sector said blockchain technology to be among
sixcomputing? YS3 I G NByRaQ GKFG NB fA1Ste (MrddNBI OK |
Economic Forum, 2015)

A certain base level understanding of the blockchain mechanics are important fully grasp its
potential use in foodraceability This chaptewill definethe keytechnological properties of
blockchain technology and assess these properties to explore its possible advantages and
disadvantageswhile there are more than two dozatifferent blockchain protocols available today
(Tecsynt Solutions, 201,8hone of them is as commonly accepted as the origmal.1 | Y2 (12 Qa
original blockchain, called the Bitcoin blockchain, will be tselis chaptetto describethe theory

of blockchain technology in more detaillhile the Bitcoin blockchaiis the most widely recognised
example of a blockchain, blockchains can operate without the need of a cryptocu(@resnspan,
2015)

3.1.1 Distributed ledger technology

Blockchain technology, also commonly referred to as distridblgelger technology, is based on
shared access to a record keeping system without the need for a third party. With the advent of
blockchairtechnology the first trusted environment for distributed computing was created that did
not need a mediato(Christidis & Devetsikiotis, 201@)Ines, Ubacht, & Janssen, 2Q1BTpckchain
technology did so by solving the doukdpending problem that was previously associated with
digital tokengValkenburg, 2016Befae solving this issy¢he tokens, that consist of a regular
digital file, used to be as easily manipulated or duplicated regialarcomputer file(Jha, 2017)By
preventing unwantedmanipulation,the distributed ledger technologgnablessupply chain parties

to interactwith each other withouthe need formutual trust(Christidis & Devetsikiotis, 2016)

| B e | @
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Figure3. Centralized ledger vs Distributed ledger
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Distributed ledger technologlyas become synonymous fblockchaintechnologybecause othe
technologieghree maintraits (Figure3). First,transactiongake placedirectly between actors
instead of viaa trusted third party Secondfransactions areonfirmed by the actors themselves
instead of by a third party.astly,an up-to-date ledger of all confirmed transactionsin possession
of all actors in the systemnstead of in one central databasthese qualitiesnake distributed ledger
technologyfundamentally different fronthe traditional structure(Allessie, 2017)

3.1.2 Blocks in a chain

As previously discussetthe Bitcoinblockchaincreated an entirely new way afata exchange
between computer systemd his section wilgjo into the details ohow this new form of data
storagefunctions.

Thenameblockchainis a suitable considering how the technology operatde term refers totlie
way how information is saved, namelyy packaging them into block$hese blocks are then linked
together, formirg a chairof blocks(Christidis & Devetsikiotis, 201@locksare essentiallyiny
shippets of information that are bundled togethén the Bitcoin blockchain these bundlean reach
a maximum of 4negabytesA 4-megabyteblock allows for a maximum of 27 transactions per
second to take placét takes about 10 minutes to form one blo@Rroman, et al., 2016)

Theprocedureof adding a new block to thielockchainsreferred to asmining.Miners, peoplewho
try to create new blocksjo so because the Bitcoblockchairrewardsthem if they succeedby
granting them thdransaction fee paidor by the user®f the transactions that are included in the
block as well ag set ofnewy minted Bitcoirs (Eyal & Sirer, 2018)Vhena user sendsmformation

to the blockchainit is not added toa blockinstantaneously. Insteadt is addedo the transaction
pool. This pool consists of all data sent to thleckchainthat is notyet incorporatednto a block.
Minersbundle ths datatogetherinto a candidatéblock The candidate block is thetescribed using
metadatg which is information used to describe the datdahan the block.The miner tlen adds a
nonce to themetadata.A nonce is a numbehat is variedeach time by the miner as it tries to add a
block to the blockchairThe metadataand noncds subsequentlyun through a hash function.
Lastly, theresult of the hashed metadata is compared to a target valllben the calculated hashed
metadata is lower than the target value the candidate block is accepted and added to the
blockchainWhen the calculated value is higher than the target value, thegsacepeats agaionly
this time with a different nonce value. Differentiating the nonce value will result in a diffeesnit
for the hashed metadatéChaudhary, Fehnker, Pol, & Stoelinga, 20%8lvinghe required nonce
valueis thus the key tgublish a new block on the blockchain.

To achieve an average block time of 10 minutegardless of how manminers try to solve for the
nonce a difficulty factoris includedvhichmakesgetting below the target value easier or harder
depending on theaveragesole time of the previous 2016 block€haudhary, Fehnker, Pol, &
Stoelinga, 2015)

Onceinformationis storedin a blockthe information in thisblockcannotbe modified without
changing vital datan every bloclcreatedeversince.This feature, which makdsdockchainprinciples
so secureis the result of a unique cryptographic keyso called dash,imbedded in every block.o
create suchanidentifying keyall information from the previous block is put intdamulato
establishthe new identifying keyDrescher, 2017Figure4). The necessary interaction between
blocks makes them dependent of each othesssentially creating a chain.
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Figure4. Linking of blocks ia blockchain
(Untitled illustration of a blockchain. Retrieved April 11, 2019 ttips://medium.com/predict/hashesre-unique
9af14fe3796a

Ablockchainoperates using peerto-peer network.As the name impliepeers aresqually
privilegedparticipantsof a network who distributehe workload among themselves instead of to a
central serverinjargon these individual peers are called nodéach node is made up of one single
computing unitwho receiveinput from other peersThe node therprocesses this information
beforedistributing it to other nodes on the network.

3.1.3 Permissionless and permsisnedblockchais

While the Bitcoin blockchaiis the most widely recognised example of a blockcl@ireenspan,
2015) some of thecharacteristic®f the Bitcoinprotocol are not suitable for use in thefood
industry. Forexample anyone can anonymous{}{u, et al., 2016pin the Bitcoin blockchaipmake
transactions on it andead all existing datéZhang & Lin, 2018)hese traits arseen asindesirable
in the industry(Hendrix Genetics, 2018)s such,dr blockchain technology to bemployablein the
food industy severalkeyadjustmentsare required For oneaccess to the network should be
exclusive tdrusted entities simplybecause enterprisedo notwant sensitivanformation visible to
everyone Bven among the truste@ntitiesaccess taensitiveinformation should bdimited and
role-based(Hendrix Genetics, 2018)o make théblockchainprotocol useful for things other than
currency transferseveralvariationshave been developed.

Generallytwo different classificationgan bedistinguishedpermissionlesblockchais and
permissioned blockchasnWith permissimed blockchains being split private blockchain and
consortium blockchaifzhang & Lin, 2018} he Bitcoin blockchain is an example of a permissionless
blockchain. As the name suggest anycaajoin this networkanonymouslywithout any set

condition or need for permissiotEntitieson a permissionless blockchaanperform allavailable
actions orthe network.On a permission blockchaimly registeredentities are allowed to operate
Consortium blockchains operate withultiple different external stakeholders, whereas private
blockchainsare operated within one single trust domaire. within onecompany(Cachin & Vukolic,
2017)

3.2 TRACEABILITY
Atypicalsupply chair{Figure 9is a networkof variousentitiesin which materials move
downstreamfrom supplier tothe endcustomer(Slack, Brandoedones, & Johnston, 2013)
Subsequentlyinformation and financial mearmaake their wayfrom the consumeto the supplier in
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anupstream fashionThe flow ofinformationis regarded as equally important for batimds of the
supply chair{Seungjin, 2000)

Flsherles f-\quaculture

/) \\ ]

Transshipment

Transpcrt Transport
Secondary buyer/ First buyer/Primary Storage
Secondary processor processor
Distributor
Food service Restaurant Retailer Market

End consumer

Figure5. A generisedood supply chain

Noteh WSLINARYGSR FTNRY a{SI¥22R GNI}OSIFIoAtAlGeyYy OdaNNByi ySSRa:
OS NI A T A Qéall Rinfeyiteb RiEardd, Rosa & Caja@dd 5 Trends in biotechnologyolume33, Issue 6p.331-336.
Doi:10.1016/j.tibtech.2015.03.003

The flow of information plays a vital part in any food traceability systeontraceabilityto be viable
all chainparticipants,but also stakeholders like the governmenged aprocedurein placeto
establish a means of information exchan@eienekens & Van der Vorst, 2006he outcome of a
reliable traceability system is accurate information abthé origins ofan itemby backwards
tracing,and information abouthe current location of the item by forward trackirfguning &
Marcelis, 2009)

Two traceabilitycategoriescan be distinguished
1 External traceabilitymust ensure link managemeahd correct information exchange
between the links of the supply chaihhis is thébasic level ofraceability thefishindustry
mustuphold (Nguyen, 2004)
1 Internal traceabilitysecuredink management anthformation exchangéor every traceable
unit used during each stefpom raw material to final product within one processing plant
(Nguyen, 2004)
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The strict function of a traceability system is limited to tracking and tracing items with the sole
purpose of recalling them because of quality or safety isslies basic elements af&oulding,
2016)

1
1

1
3.2.1

Documentingncomingfoodstuffsand theirorigin.
Documentinginformation onprocessedinked to thesdtemsor
batchesthroughout theprocessing and storagaages
Documentingoutgoingitemsand their destinations

Traceability requirements of seafood

The European Union hapecial requirements foseafood traceability. Article 58 of EC 1224/2009
reinforces therequirements set inArticle 18 of Regulation 178/20@hd stateghat all lots of
fisheries and aquaculture productsaiid be traceable at all stages of productidrom catching or
harvestirg to processingdistribution, andretail.

The entitieswho are to ensure that seafood is traceable atladisestages areso called? QF 2 2 R
0dza Ay Saa (Regufaiih No2l RRE2@DRArticle 18(2,3)) In accordance with the Regulation
theseentitiesarethose who imported, produced, processed, manufactured or distributed food. Or
those who undertake retail or distribution activities which do not affect the packaging, labelling,
safety or integrity of the food or fee(Regulation No 178/2002Article 19(,2)).

Food business operatsimust be able to identify theimmediatesuppliers and customers.
Additionally they should have a system in place to withdraw/recall unsafe prodiRggulation No
178/2002- Article 18(2,3))TheEUlegislationdoes not dictatavhat method mustbe usedo adhere
to the traceability requirementsNeither does théegislationobligate theuse of an internal
traceability system.

With the advent of legislation number 1224/2008hichestablisted a communitywide control
systemto ensurecompliance with the rules of the common fisheries pgleyery linkfrom fisheries
to retail must possesthe sameinformation in their traceability systerfiable 2. All the information
presented inTable2 mustbe attached toall lots of fishery products by means of labellipgckaging
or by a document physically accompanying the Tdte information may also be added by code,
barcode, electronic chip or a similar dev{gaegulation N&04/2011- Article 67 (5)A lot is defined

I a

Gl o1 GOK 2F alt8a dzyrada 27F

FT22RAa0GdzZFF LINE R dzC

al'YS O2yRAUGA2Y AcArtideSI@INS OG A S y dk o (pe

Table2. informationrequiredto betrackedalong the entire fish supply chain
Legally equired informationpresent ina traceability system

Legislative reference

1. The identification number of each lot 1224/2009 Article 58, 5 (a)

2. The external identification number and name of the fishing vess 1224/2009 Article 58, 5 (b)
or the name of the aquaculture production unit;

3. The FAO alph& code of each species 1224/2009 Article 58, 5 (c)

4. The date of catches or the date pfoduction 1224/2009 Article 58, 5 (d)

5. The quantities of each species in kilograms expressed in het w¢ 1224/2009 Article 58, 5 (e)
or, where appropriate, the number of individuals

6. Operators must be able to identify their immediate supplier, anc 1224/2009; Article 58, 4
theirimmediate buyer, except if they are the final consumer

7. The commercial designation of the species and its scientific nal 1379/2013 Article 35,1 (a)

8. ¢KS LINRPRdAzOGA2Y YSUGK2RXZ Ay LJ 1379/2013 Article 35,1 (b)

Ol dzZaAKG Xé&¢ 2NJ a X OFdzAKG Ay ¥
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The area where the product was caught or farmed, and the
category of fishing gear used in capture of fishedagssaid down in
the first column on Annex Ill to this regulation;

1379/2013 Article 35,1 (c)

10. Whether the product has been defrosted

1379/2013 Article 35,1 (d)

11. The date of minimum durability, where appropriate

1379/2013 Article 33, (e)

For sale to the final consumer additional information muspbevided (Table).

Table3. Legally required Informatiofor any sale to the final consumer
Legal minimum of the information to be provided to the consumer

Legislative reference

1. The commercial name of the food 1169/2011 Article 9, 1 (a)
2. The list of ingredients 1169/2011 Article 9, 1 (b)
3. Any ingredient or processing aid listed in Annex Il or derived fr¢ 1169/2011 Article 9, 1 (c)
substances listed in Annex Il causing allergiestoleirances used
in the manufacture or preparation of a food and is still present i
the finished product
4. The quantity of certain ingredients or categories of ingredients ' 1169/2011 Article 9, 1 (d)
5. The net quantity 1169/2011 Article 9, 1 (e)
6. 5SS 2F YAYAYdzY RdzN} oAf AGe& 2 1169/2011 Article 9, 1 (f)
be covered as per above)
7. Any special storage conditions and/or conditions of use 1169/2011 Article 9, 1 (g)
8. the name or business nasrand address of the food business 1169/2011 Article 9, 1 (h)
operator referred to in Article 8 (1) (the importer or EU compan
marketing the product)
9. The country of origin or place of provenance where provided fo 1169/2011 Article 9, 1 (i)
Article 26 (i.eproduct of PNG)
10. the instruction for use where it would be difficult to make 1169/2011 Article 9, 1 (j)
appropriate use of the food in the absence of such instructions
11. A nutrition declaration 1169/2011 Article 9, 1 (1)
12. The dae of freezing or the date of first freezing in cases where | 1169/2011 Annex IlI

product has been frozen more than once.

In addition to the mandatory information retailers may also provide additional information on a
voluntary basis such as the port at which the products were landed or more detailed information
about the fishing gear used (EG79/2013Article 39).

3.2.2 Electronic recording and reporting system (ERS)
To combaillegal fishinghe EU hagmplemented new legislation in the form ofgulation

1224/2009. This regulation obliges fishing ships that are longer than 10 metkegpoa logbook of
their activities(1224/2009, article 14).

Food business operatoresponsible for the first marketing of fisheries produlstsre to
electronicallyrecord the information referredo below andhave toelectronically send this
informationwithin 24hours to the competent athorities of the Member State (EC 1224/2009
Article 67 (1)). Food business operators with a turnover lower thanZB0OB00, have tosubmit, if
possible electronically, within 4&urs afterthe sale(EC 1224009 Article62 (1)):

the external identificaibn number and the name of the fishing vessel that has landed the

1.

2.
3.

product concerned,;
the port and date of landing;

GKS yIYS 2F GKS FTAAKAY3I @SaasStQa 2LISNI G§2N 2NJ
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4. the name of the buyer and its VAT numbes,tiéx identification number, or other unique
identifier;

5. the FAO alph& code of each species and the relevant geographical area in which the
catches were taken;

6. the quantities of each species in kilograms in product weight, broken down by type of
produd presentation or, where appropriate, the number of individuals;

7. for all products subject to marketing standards, as appropriate, the individual size or weight,
grade, presentation and freshness;

8. where appropriate, the destination of products withdrawnorn the market (carmover, use
for animal feed, for production of meal for animal feed, for bait or for4fimod purposes);

9. the place and the date of the sale;

10. where possible, the reference number and date of invoice and, where appropriate, the sales
cortract;

11. where applicable, reference to the taker declaration referred to in Articié6 or the
transport document referred to in Articlés;

12. the price.

As of Octobef®* 2017, The Netherlands goes beyond tlegislative requirements of the European
Union byalsodemandingthe use of a digital logbook for vessels smaller thamgters.This

additional requirement causes é&ibhing vessels that are registered in the Dutch Register of Fishing
Vessels (NederlasdRegister van Vissersvaartuigemjeport using the digital fite logbook, which
replaceshe paper logbooKRijksdienst voor Ondernemend Nederland, 20083)tch statements are
only reported to thecompetent authorities andnustbe regarded separately from any food
traceability obligations.

3.3 BENEFITSSSOCIATED WHKN INNOVATIQKND THE WILLINGNESS TO ADOPT
Human factorsplay a significant role successfuhtroduction of newinitiatives.A strong
relationship betweerthe stakeholderssuch as théCTFsupplier, users angmanagement, are critical
for a successfuimplementation ofblockchairtraceability Hendrix Genetics, Butchcompany in the
animal breedhg businessexperienced setting up blockchairtraceability system in their supply
chain to be 90% sociahd 10% technicgHendrix Genetics, 2018)ccording takevinMcMahon
Yrfe technology par A &y U4 i NXBI f fthe redl ¢héllenges: biildirig) Ut thak rewmairki X
finding people who want to participate and want to share data amongst themselves and are
committed to maintaining the infrastructure necessargMearian, 2019)Enthusiasnto implement
new innovations aré&eyto success ai affects all otherelements in of the adoption process
(Karlsen, Sgrensen, Foras, & Olsen, 2011)

Thedrive foradvancementn food traceability practicesan becategorizedy a desirefor increased
capacity to control qualityfood safety jinventory controlor to meet regulatoryand market
requirements(Wang & Li, 2006PDther catalysts can benore for sophisticated recallystems
improved process contrppotential to optimizethe production processr government
requirements(Moe, 1998)

Two models have been exploreditetter understand thémpact ofbehavioual motivation on the
willingness to adopblockchairtraceability system# the Dutch fish industry
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3.3.1 Theory of planned behaviour

The theory of planned behaviour (TPB) has proven to be a solid indicator for intention in a large
array of research aredslam, Pap, & Stimac, 201@)jzen, 2005)Based on this theoretical
framework the attitudes ofmembers ofthe fish supply chain towards adopting blockchain
technology where evaluated.

The principle of TPB assumes that humans act in a rational manner. Implying that all available
information is considered anone hascontemplated the implication othe possible actionéAjzen,

2005) For an individual tpossessa certain intent and show subsequent behavighe TPB

assumes three characteristics to be of equal importafiégure 6)Theattitude of an ndividual

towards a certain behaviour can be positive or negatitvis seen as a determinant in intent and
behaviour that relies heavily on personal nature. The perception of external social pressure also
influences behaviour and is termed in the modslthe subjective norm. The last characteristic deals
GAGK GKS AYRAGARAZ f Qa | 0 A {ffficacy, it is @rmedPdIeiZzeN (G KS 0 Sk
behavioural control. Thus, the model assumes that individuals intend to act in a certain way when
have a psitive attitude towards the behaviour, experience social pressure and believe they have the
capacity to act on the intentio(Ajzen, 2005)

Attitude
Toward the
Behavior

Subjective
Norm

Perceived
Behavioral
Control

Figure6. The theory of planned behaviour
b2GS® wWSLINAY (G§SR T NP YBehdvidua X iAjdeR ZE55p1 18 SlewkYBrkOpdn Jidivrsity Bréss.

This study wilbarticularlylook at the intention to adopt blockchatechnology andwill not perform

a followup check if the intension as acted uponThe fit of the chosen model to predict future
behaviour will not be verifiable and thus solely relies on its extensive successful use in in a large
array of research areas. However, the model does make a good fit to determine the motives tha
drive the willingness to adopt blockchain technology

3.3.2 Diffusion of innovations

The willingness to adopt refers to the motivation to embrace a different innovation, technology,
and/or practice than currently in ug&nderson, 1993)in this study the willingness of companies to
innovate plays a central role. Extensive research exists on the adoption process of a new innovation,
one of the most famous theories is tldgfusion of innovationyy RogergSherry & Gibson, 2002)

The adoption of an innovation is characterised by four key elements. Rogers describes the process as
T2t DiFusidnis tH&process by which amnovationis communicatedhrough certainchanneg
overtime among the members of socialsysten® ¢Ragers, 2003)

3.3.2.1 The element of innovation

According to Rogers, innovations can frequently be described as to possessing one or two
components: the hardware aspect whiembodies a physical object and/or a software part which
retains information According to Rogers, innovations that only consist of a software component
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possess a slower rate of adoption than other innovations because the results of a software only
innovaton are more difficult to spot for others. The observability of an innovation is one of the five
characteristics that individuals can discern which Rogers theory uses to evaluate the different rates
of adoption.Other characteristics angialability, relaive advantagegomplexity,and compatibility.

The characteristics are explained as follovjRdgers, 2003)

1. Observabilitydescribes how visible the results gained from usage of an innovation are to
others. The easier it is t@sually witness the effects, the more likely the adoption of the
technology will become. Visibility is a trigger to discussion, as peers of an adopter are more
likely to inquire information if the results are clear to see.

2. Trialabilitydescribes the extet a new technology can be tested before adopting it. The
ability to run trials with a new technology will reduce the uncertainty the adopter has in the
new technology which will generally lead to a swifter adoption.

3. Relative advantagexplains the perdged benefits of the innovation in comparison over the
other options. The perceived benefits can hawgide scope, from financial gain to
convenience and social prestige. The more significant an individual perceives the relative
advantage of an innovatiotie quicker its adoption will be.

4. Complexityexplains how the different levels of difficulty that new innovations possess has
influence on their rate of adoptionnnovationswhichare perceived to be difficult to learn
and use are adopted slower.

5. Compatibilityexplainsthe fit of an innovation in an existing social and technological
environment. If an innovation fits well within the needs, existiadues,and past
experiences of a social system its adoption rate will be higher than when its incompatible
with some of these values.

3.4 IDENTIFYINGDVANTAGES AND DISADVANTAGES OF BLOCKCHAIN TRACEABILITY
Next to adhering to the strict functions a traceability st must possess, it can also be employed
in a broader perspective wherein it is used to control and optimize processes on a company or chain
level(Trienekens & Van der Vorst, 2006p better understand the pillars that coupatentially give
incentive to adopt blockchain traceability, several key characteristics of paper, digital and blockchain
traceability systems are reviewed.

3.4.1 Relative advantage and the six supply chain objectives

According to literature the functioning af supply chain can be described by several key
characteristics such as quality, costs, speed, dependability and flexiWiliiye G. , 1996(Slack,
BrandonJones, & Johnston, 2013)ith growing oncerns about the environment a sixth

characteristic has also been discussed in the form of sustaingBRbty & Holt, 2005Aref, Helms, &
Sarkis, 2005)Quality means the conformance to the expation of the customer by having the

ability to keep processes free of errors. In supply chain management speed is described as the pace
at which goods and services are delivered. Dependability means delivering good or services at the
time they are neededFlexibility means being able to change a process in some ways. To companies
that compete on price the costs of the implemented system will be of major influence. Sustainability
is the objective that focuses on the possible social or environmental catdns of system
processegSlack, Brandedones, & Johnston, 2013)
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As explained ichapter2.3.1, Rogersdentified five key components that drive the willingness to

adopt new innovations: relative advantage, complexity,esisability, compatibility and trialability.

To assess the compatibility of blockchain technology for use as traceability sydtssrDintch fish

sector, its relative advantage in comparison to the current systems must be evaluated. The outcome
of the relative advantageomparisons presentedin the next paragraphsThe outcomeof this

evaluation may also be used @&mguewhy blockchain technologyight be chosen over current
traceability systemd-urther on in this chapter theompatibility, complexity, observability and

trialability will also be discussed

According to Rogers two of the five key components have the most influence on the willingness to
adopt, these are the relative advantage the new innovation has over the other options, and the
compatibility with the current work environmerfRogers, 2003)These two components will be
described in more detail than the others.

3.4.1.1 Relative advantage: Quality
Table4 presents someharacteristics of traceability systerimsregards to keepingrocesses free of
errors.

Table4. Blockchains relative advantage concerning quality
Relative advantage Case
Unchangeable ledger Blockchain ledger entries cannot be changed or remdPeders &
Panayi, 2015Crosby, Nachiappan Pattanayak, Verma, & Kalyanararr
2016)

Papertraceability systemand current IT systems are knowo suffer
from alteration, corruption and loss of stored d4fae, Brewster, Spek,
Smeenk, & Top, 2017 owever, blockchains are vulnerable 51% atta
where an attacker owns more than half the computing power of the
network. The attacker would be able to manipulate the blockchain
information from the point of the attack onwardgi, Jiang, Chen, Luo, .
Wen, 2017)No such incident has been recorded on a private blockct

Improved traceabiliy | In paperbased traceability systems the downside of written documen
is human error, no quick sifting of information and slow track and
tracing. Current I'Bystems are not connected throughout the supply
chain(Galvez, Mejuto, & Sim@andara, 2018)

Data put on the blockchain is saved almost instantly. Once stored, tt
information can be requested by all those who have acfdakamoto,
2008) This enables pinpointing the location of a produnchear real
time.

Generallyevery link in thechain stores its own product information.
This causes limited accassmportant dataand makes ihard to
establisha trustworthy overview ofa supplychain Blockchain
traceability systems allodor monitoringof the supply chainwhich
would ensure better safety angluality products for the consumer
(Montecchi, Plangger, & Etter, 2019)

Blockchain traceability systemsay have lhe edge ovelegacy systems
asit has theenhancedability to provideprovenanceby providingthe
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frameworkrequired toeffectively create save andmanage product
data(Casey & Wong, 2017)

Hightransparency

Unified document
administration

Currentpaper and IT systems have at times exacerbated the low leve
of transparency and trust iagrifood chains(Ge, Brewster, Spek,
Smeenk, & Top, 20L7Furthermore, other stakeholders such as the
governmentand consumers are demanding transparency in their sup
chain(Trienekens, Wognum, Beulens, & van der Vorst, 2012)

With blockchain it is possible to give regulatory and tiedty
certification bodies access to oversee mlsaction details in redgime
(Shrier, larossi, Sharma, & Pentland, 2016)

Blockchain traceability systenase a step up fronrmany existing system
in its transparencyndsecurity(Abeyratne & Monfared, 2016Being
able toopentraceability datacangeneratefavourablebusiness
circumstancegSvensson, 2009) ransparencganlead toa positive
reputation (Carter & Rodgers, 2008)

Every transaction can be made visible to otlieksin the chain
(Deloitte, 2017)

Blockchain allows for a shared system of records across all supply ¢
actors without centralisation of dat@Nakamoto, 2008)

With blockchain all documentation of an entire supply chain can be
shared through onéamper-resistant unified system. With current
systemsnformation comes from multiple sources, using different
formats and can be incomple{®nuvar, 2017)

3.4.1.2 Relative advantage: Speed
In supply chain management speed is described as the pace at which goods and sanvimes
finalized. Tabl® presents some characteristics concerning traceability systems andispee

Table5. Blockchains relative advantage condegnspeed

Relative advantage

Case

Improved information
flow

Improved traceability

Blockchain technology allows almost réiate access to transaction dat
throughout the entire supply chaifNakamoto, 2008)Decreased risk of
taking wrong decisions with up to date data.

The speed ofhe required procedures can hiecreased byeplacing the
labourintensive and bureaucratipaper process inta digital one
(Kshetri, 2018jLehmacher, 2017)

Walmarthas indicated that their pilot tests with blockchain technolog)
KFd LINP@SYy (2 NBRdAzOS GKS (NI OA»
sliced mangoes, from 6 days, 18 hours and 26 minutes using traditio
techniques, down to 2.2 seconds using blockeligorbes, 2017)
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3.4.1.3 Relative advantage: Dependability
Table6 presents some characteristics of traceability systems regarding dependability.

Table6. Blockchains relative advantagencerning dependability

Dependability

Case

Decentralization of
power

Diminishpaperwork
and simplify data
management

Information asymmetry between levels of the supply chain may be
reduced with an integrated blockchain traceability systeka all link$n
the chainwill have access to the sanmdormation at the same time
(Kim, Hilton, Bruks, & Reyes, 2018)

Depending on which blockchain protocol is used, blockchain projects
often open sourcéDeloitte, 2017)

All documentatiorof an entire supply chainan be madeisibleon one
sharedand searchableverview No more need for paperworfVhite
M., 2018)

Dependable access

Information stored on a blockchain can be made reaalilgessiblérom
anywhere tlrough mobile devices.

Currentpaper basednd digital traceahily systems are prone to
corruptionand loss of stored datése, Brewster, Spek, Smeenk, & Tog
2017) Blockchain technology is robust as it does not have a single pi
of failure(Wang, Zhang, & Zhang, 201BEloitte, 2017) The shared
synchronised ledger ensures prevemtiof loss of datédCroshy,
Nachiappan Pattanayak, Verma, & Kalyanaraman, 2016)

3.4.1.4 Relative advantage: Sustainability

In a study conducted by Oceana, 26globallysamplesseafoodproducts were found to be
mislabelledWarner, Lowell, Geren, & Talmage, 20Faudulentfishing activitiesmay have
negative consequences on the sustainability of the fish ind{dagquet & Pauly, 2008%protected
fish speciesire sometimesnislabelled as an unprotected spec{®garner, Lowell, Geren, &
Talmage, 2016)able7 focuseson some aspects that traceability systems can hawe

sustainability.

Table7. Blockchains relative advantage concerning sustainability

Sustainability

Case

Fraud reduction

Blockchain alone will not eliminate fraud as long as human input is u
(Ge, Brewster, Spek, Smeenk, & Top, 20d@yvever, used as a tool it
will become simpler to detect frau@Goverment Office for Science,
2015) The near impossibility to change or remaeeorded datawill
likelyreduceoffensessuch as fraud andorruption in the supply chain
(Kshetri & Voas, 2018)

Simplifiedauditory
process

Blockchain traceability systems simplify aymtivcessedbecause of its
immutable ledger(Banerjee, 2018)The distributed nature makes acce:
to data more straightforwardObtainingfull traceability datastored on
legacy systemeequired compelling reasons asbtainingfull provenance
data from legacy systemsrissourceintensive.Information stored on
blockchaindatabasesxan be made easily accessiblestdernal auditors
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Investigation intdllegal,unreportedand unregulatedeafoodfraud
would be greatly facilitatethy blockchairtraceability system¢$McEntire
& Kennedy, 2019)

Electricity
consumption

The Bitcoirblockchairmakes use of the proedf-work consensus
mechanism to approve transactionghis consensus mechanisnaisery
energy intensivenechanism as minerompete withcomputerpower

to be the first tocalculate therequired noncgMendling, Weber, & van
der Aalst, 2018)t is estimated that a single transaction on tB&coin
network equals an electricity consumption 850 kWh(Digiconomist,
2020) which is vastly greater thdagacy IC8ystemause Byshiftingto

a proof of stake consensus mechanjsather than havingnillions of
processordiandling the samé&ransaction at the same time, proof of
stake mechanismvould randomly choosenly one processor tinandle
the transactionwhich would decimatéhe energy requirementgrairley,
2019) With the move to more energy conservatigensensus
mechanismblockchairtechnologyis predicted tosignificantly reduce
its energy use over timgeuropean Union Blockchain Observatory anc
Forum, 2019)

3.4.1.5 Relative advantag€ost

The central concern of companik®king to adoptlockchaintechnology ighe desirefor along-
term cost savings and ampturnin productivityand efficiencyHowever, adoption oblockchain
technologymay bring sizeable initial cogiSuropean Commission, 2020pable8 observessome
characteristics relating to the cost of traceability systems.

Table8. Blockchains relative advantage concerning costs

Cost

Case

Ease for
regulatory audits

More focused
recall processes

Lowrunning costs

Paperless system

Auditory processeare conductedvith more ease akdgers arenore
extensive andire unlikely to be tampered witihis couldccut
compliance costéDeloitte, 2017)Kshetri & Voas, 2018Banerjee,
2018) This is especially true in comparison to paper based systems,
which are known for theirigh cost and inefficiencfGe, Brewster, Spek
Smeenk, & Top, 2017)

Detailed traceability systemewer the costs incurred when recalare
issued(Fritz & Schiefer, 2009)

No reconciliationof data required Deloitte, 2017)
Less use of intermediate partié@eloitte, 2017)

Eliminating paperwork reduces costs and rigiesent in supply chain
processeglLehmacher, 2017Blockchain systems havéninished
administration costsn comparison to legacy systerfWhite M. , 2018)

Investment cost

It is likely that most companies will incsizableinitial costs as part of
the adoption procesgEuropean Commission, 2020hese cds are to
coverinvestments in new hardwarand software components required
to operate theblockchainMougayar, 2016)
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3.4.2 Compatibility

Successfutompatibility of blockchaintechnologywith currentwork standardsonsist of twomain
factors For one, he technology needs to be compatible withrrent legacy system# successful
integrationwith legacy systemeften involves a completeoverhaul of theexistinglegacysystem
The current lack dCT personnekith experience irblockchainntegrationrequires companies to
heavily relyon external partieswhich comes at a significaimvestment of resourcefMeijer, 2020)
Severaberviceproviding companieslike Modex and Flureeurrently offer packageshat make
digital legacy databasesteroperable withblockchaindatabases. No cases have begublicly
documentedwhereinblockchairtraceabilitysystemfunctionsinteroperablewith a paperbased
food traceability system

In addition to legacyystems separately developetlockchairtraceabilitysystemsneed to be
compatiblewith each other Even though @mpatibility betweendifferent distributedlegers is far
easier to achievéhan compatibilitybetween legacy systems abtbckchaimetworks(Hoskinson,
2017), a lot of work still has to be donk the current absence of standards deysérs have the
freedom tocustomizeeachblockchaimetworkto individual needsThis has led to the existence of
many differentblockchaimetworksthat varyin keycharacteristicdike their consensus method and
code language usdtiat may hinder theimbility to share datawith other blockchaimetworks.
Many differentoptions exist to obtain network interoperabilitput at the current state of
developmentit is still considered &ey elemennecessaryor broad adoption of theechnology
(European Commission, 2028} present interoperability betweerdifferent blockchaimetworks is
uncommon Thisrequires businessethat wish to setup a chain wide traceability systemmtakeuse
the same service provideéo ensure compatibilityCurrently a lot ofesearch and standdization
programs ardoeing worked onwith the expectation thainteroperability willgreatly increasén the
time to come(European Union Blockchain Observatory and Forum, 2019)

Althoughinteroperabilityisanintegral part ofa seamles$ull chain traceability systenthe seafood
industrycurrentlylacksthe meansof chain wideinteroperability. This is partly due tsmadequate
funds and capacity to tackle the issiée notion of tramg foodstufgisrelativdy newwhichcauses
chain wideinteroperable database® soundimaginary longterm, or uncertain tcseafood
executiveseven if they are awaref the possibilityHardt, Flett, & Howell, 2017)

3.4.3 Complexity

Blockchain technology muilt upon three core principles which are a decentralidetbbase
consensus on datacceptationand cryptographic securityThiscombinationof elements makes the
technologyrather challenging tayrasp(Friedimaier, Tumasjan, & Welpe, 201&)complete
understanding of the core principles would be unnecessasipdkchaintraceability would beeasily
obtainable through instalmenplans. Howeverhlockchaintraceability is cerently not yet at the
stage of development were fully developed business cases can be readily implemented by
businesses. This makes it troublesome for businesses to visualize the fit of blockchain traceability to
their particular business cag&alvez, Mejuto, & Sim&@andara, 2018Next toa shortage of fitting
businesscasesthe lack of standards on best practices also reduce the ease of ad@ptoumgayar,
2016) All togetherit makesthe accesibility of blockchairtraceability low forthe average company,
asdevelopment supporislackingand the complex software is not user friendMendling, Weber,
& van der Aalst, 201§European Commission, 2020hewidespread lack of awareness and
knowhow ofblockchaintechnologymakes companies put off any investments iittbadoption
(European Commission, 202@8Jthoughblockchaintraceability isbelieved to bea rather complex
innovation,it couldovercomethis aspectvith the help ofgovernmenal support(Rugeviciute &
Mehrpouya, 2019)
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3.4.4 Observability

Blockchain technologg aninnovation based on softward his makes the innovation have less
observability thara hardwarebasedinnovation would haveSoftware innovationkave a relative
slow adoption rateas they are not stikely to be observed by outsidefRogers, 2003At this stage
of development he consequences dilockchaimadoptionare not easilydistinguishablego the
untrained(Friedimaier, Tumasjan, & Welpe, 201Current adoption oblockchaintechnology
remains low(Clohessy, Acton, & Rogers, 20(@hen & Furlonger, 2018Rijksdienst voor
Ondernemend Nederland, 201%s suchc¢urrent probability of observing the innovation withia

0 dza A s&ial Fyatancan be deemed dsw.

3.4.5 Trialability

At present time, thehighest profileblockchairproviderisIBMg A (1 K A G 4 Blook€naig R ¢ NHza G Q
system(Gupta & Madhur, 2018Holden & Moar, 2018Businesses can readgtart exploring the
blockchain technologthrough IBM.Other high profile blockchain providers suchfasenture and
Deloitte (Gupta & Madhur, 2018Jo na provideaready to gosolution Howevera A ON2 a2 ¥ (i Qa
WwQ! 1 biztkEh&r@nvironmentis the only provider apart from IBM whadlows forinstant

trialability (Holden & Moar, 2018 AsRobertHandfield Distinguished Professoif the Bank of

America Universitynoted IR S NB  maNy®lgckehiaind i NA | peaptecai gohnd tryfor

i K S Y & §Haatifield M 8)The current lack of trialability might hinder the adoption of
blockchairtraceabilityas research has shown thie more experienced businesses dne more
positivethey asseblockchainusability Small scalérialability of blockchairtraceabilityare crucial

for thoroughcomprehensiorof benefits andimits associated wittblockchainadoption(Hackius &
Petersen, 2017)

3.4.6 Current impediment$o blockchairadoption

The International Standards Organisation (ISO) is currently working on setting standards for the use
of blockchain technology iabusiness environment. The standards are expected to arrive no later
than 2021(1SO, 2018)Stardards onblockchaintraceability would improveinteroperability.
Knowledge gained on implementatiovould also be more widely applicabks of present,

regultory agencieslo nothaveexplicit statements on blockchain traceabili§s suchlegal

certainty iscurrently regarded as a kdyarrierwhich hinders adoptioffEuropean Commission,
2020) Compliance with the laus a primary consideration whemplementing a food traceability
systemas noncompliancevould make the productsinsellable(McEntire & Kennedy, 2019)
Sbsequently, a low adoption rate makidlifficult for regulators toexplore regulatory needs
Current policies concerning Bitcaane a matter of worryor the traceability markeasthey worry
about broader impact otthe application of blockchain technology for other business cases
(Mougayar, 2016 However with the European Uniohaving subsidisedlockchaintechnology
projectswith over 380 millioneuro by 202Q(European Commission, 20liB8yeems to embracthe
technologies potentialor traceability issue§European Commission, 2019)

Severaklements have been identified thainder blockchain adoptiarFor onecompanies are
hesitant to shargroduct informationthat couldbe of use to competitorgGirard & Payrat, 2017)
(Galvez, Mejuto, & Sim&@andara, 2018 K5econdlyprimary producersare generally slow on
technologicabdevelopmentgGalvez, Mejuto, & Sim@andara, 2018)n a case study Karlsen et al.
discovered that companies closer to taed consumer found higher value in an advanced
traceability system than primary producers. Subsequently, the costs of increased traceability are
relatively greater for the primary producer than at retail level, making chain wide adoption
processes ratherimbalancedproposition(Karlsen, Sgrensen, Foras, & Olsen, 2011)
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In generalplockchainechnology does not yet possetsge capacity required to process all
traceabilityrelated transactiongSaberi, Kouhizadeh, Sarkis, & Shen, 2028)rently, the Bitcoin
blockchain can handlenly a maximum of 7 transactions per secavitile thecredit cardcompanies
can handle a peak of 1O transactions per secorfffukolic, 2015)lt isexpected that food
traceability informatiortakes up moredligital space thai financial transaction would as it could
potentially include information related to procepsactices(Saberi, Kouhizadeh, Sarkis, & Shen,
2018) Several differenblockchainprotocols already exist that are capablehagher transaction
throughputsthan the original Bitcoin blockcha{&uropean Union Blockchain Observatory and
Forum, 2019)For examplel. . ala@d trustQibckchairsolution for the food industryisesthe
Hyperledger blockchajrvhich carntheoreticallyhandleup to 20,000 transactions per second
(Gorenflo, Lee, Golab, & Keshav, 2019)
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4 RESULTS

4.1 SAMPLE SIZE
The cooperativelisted in paragraph 3.4.iad been contacted and asked to distribuadink of the
survey to their members. This resulted in rejections or-nesponsedrom all the seven contacted
cooperatives As alternative, the relevantmail addresses were procured through internet search. A
total of 1206 contacts were procured. These contacts were approached twice through SendinBlue,
an email campaign provideilhe entire questionnairés available imppendix A.

Of the 2412 amails send, 162 bounced and 1009 were opened. The opemedils registered 72
clicks to the surveyOf which 61 respondents (partly) completed the suryEgble 9)

Table9. Survey sample size break down per supply chain link

Supply chain links Number of Number of companies Complete
companies in chain who received an invitation survey
responses
(1) Cutter Fisheries 236* 17 5
(1) Fish farms 50** 7 2
(2) Fishand/or shellfish 125%** 53 12
processing plants
(3) Fish auction houses 35%** 10 1
(3) Fish wholesalers 515%** 153 11
(4) Fish specialty shops 625*** 382 21
(4) Supermarkets 3270*** 584 9
Total 4856 1206 61
* (Mol, 2019a)
** (NVWA, 2017b)
ok (CBS, 2019)

4.2 QURRENT STATE OF TRACEABILITY
RSaSIkNDODK [[dzSadAz2y HY WQ 2KIG Ada akROIOMRNEYiE yaodiSi
evaluatedusingquestion3 of the survey W&hat characterizes your company's currértceability
system®dddquestion 4 of the surveyHbw satisfied are you with your company's current
traceabilitysystem® Qf all the61 respondents44%indicated that they usa traceability system
that contains a mix of paper and digital procesgd$s of therespondentausea paperbased
traceability system, whil&5% uses a digital systeione of the contacted companies are (paytly
employing alockchairsystem Toanalyse if differences usedtraceability systenexist based on
what level of the supply chain the company functionsFigher's Exact Test was performé&tie test
indicated naosignificant differencexistsbetweenthe position of the company in the supply chain
andthe type of traceability system it employs=.405).
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[n=25) (n=27) (n=9)
Paper Traceability Satisfaction Mixed Traceability Satisfaction Digital Traceability Satisfaction

Legend
= Very satisfied

Satisfied
Neutral
Unsatisfied

= Very unsatisfied

Figure7. User satisfactiorof every traceabilitysystem discerned

A oneway analysis of varianceras conducted teheckif a differenceoccurs iruser satisfagon
based on the traceability system employ@igure 7)) S@Sy SQa éqSalvirianges By S R
system satisfactionF(258) =1.74, p =.185 Thesubsequent ANOV#UNd a significant difference
betweenthe satisfaction for paper, digital or a mix of bahthe p<.05 level [F(B8) =3.71, p =
.031]. Post hoc comparisons usiklpchberg's GTst for unequal sample sizésdicated that the
satisfactionscore fordigital traceability systemsvas significantly differerfrom the paperbased
systemdqp =.029), but not significantly different from thenixedtraceabilitysystemgqp=.068). The
satisfaction for mixed traceability systems does not differ fieaperbasediraceability systems
.938).

4.3 WILLINGNESS TO ADOPT BLOCKCHAIN TRACEABILITY
Inthe first question of the survesll respondents were asked about their intention to adopt
blockchaintechnology as part of their traceability system within the next 5 years. A minority of

29.5% indicated the intention to do sbablel00 ® CA & KSNRa SEI OG GSad 61

relationship between intention to adopt and the differeletvel of supply chain linkdiscerned no
significantdifferencewas reported §p=.763).

Tablel0. Intention to adopt blockchain traceability

Supply chain links Companies with the | Companies that expect
intention to adopt blockchairtraceability to
blockchainwithin eventually be widely
the next 5 years adopted

Cutter Fisheries (n=5 3 (60%) 3 (60%)
Fish farms (n=2) 0 1 (50%)
Fish and/or shellfish processin| 4 (33%)
plants (n=12) 6 (50%)
Fish auctiorhouses (n=1) 0 0
Fish wholesalers (n=11 3 (27%) 5 (46%)
Fish specialty shops (n=2] 5 (24%) 11 (52%)
Supermarkets (n=9] 3 (33%) 5 (56%)
Total (n=61) 18 (29.5%) 31 (50.8%)

4.4 ANALYSING CONSTRUCT RELIAGRONBACRALPHA
Research question Bequires use of the eight composed constructs. Before using these constructs in
analysis their validity and reliability must first be analysBalevaluate construct reliabilithé items
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2T (KS adz2NBSe ¢SNB (i SavérSittmsdailetl i6ldad relidByynhoothé&K Qa | f LIK |
designed construcas their/r N2 y 6 I OK Q a did riotlrddhthezaca@ptedS0s7 thresholTable

11). To reach the threshold several items had to be omitted from the constructs of PBC, SBN, TRL

and CTBAIl omitted items had an itertotal correlation of <0.3.

Tablell. Cronbach Alpha scores per construct

Construct Cronbach's | Items N
Alpha

Attitude toward the behaviour (ATT) | .848 5 43
Perceived behavioural control (PBC) | .419 4 40
if PBCDmitted .610 3

+ PBC2 omitted 754 2

Subjective norm (SBN) .670 5 48
If SBN1 omitted 725 4

Relative advantage (RLA) .842 4 45
Observability (OBS) .834 5 44
Trialability (TRL) 488 4 48
If TRL1 omitted .716 3

Simplicity Complexity (CLX) .862 4 46
Compatibility (CTB) 421 5 45
If CTE omitted .526 4

+ CTB omitted .702 3

4.5 ANALYSING CONSTRUCT VALIDITY
Because the composed questionnaire has not been field tested before, statistically testing the
validity of thecomposed constructs is of importanceo check the validity of the questionnaire
exploratory factor analysiwasconsidered. To check if the collected data is fitting for exploratory
factor analysis the Kaisdieyer-Olkin measure of sampling adequacy (kk&t) was employed
The KM&est returned anon-positive definite matrixwhich means at least one of the eigenvalues
was negative. The KMtBst relies on positive values to be able to compute for sample adequacy. In
an effort to return a positive definite matrix, missing values were replaced by the average value of
the constuct instead of being deletelistwise Using this strategy KMt@st no longer encountered
a negative eigenvalue and thus could be computed. However, the reskhit@value of 0572 is
OFGS3a2NAT SR (i(Raisér & Ritk AY7adIIeEmMedfurSittid® further analysis. Further
discussiorof construct validity testing calme found in chapter 5.

4.6 PEARSON CORRELATION
Linear correlatiosbetweenthe different constructs wre analysedThe resuling correlation
coefficientsranged from -0.37 to 0.45 (Tablel12). In addition the dependent variableifftention to
adopt) has been includedl'he constructsf attitude toward the behavioursubjective norm,
observability,and complexity shoved asignificantlinearcorrelationwith the intention to adopt.
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Tablel2. Pearson correlation coefficient by construct

Std.
Construct Mean Deviation 1 2 3 4 5 B 7 8 9
1. Intention to adopt 1
2. Attitude toward the behaviour 021 076 0.45** 1
3. Perceived behavioural control  -06 0.85 0.10 0.4 1
4. Subjective norm -046 063 040 037" 0.17 1
5. Re lative advantage 041 071 0.26 014 0.24 027 1
&. Observability 025 073 0.43** 018 0.07 0.37* 0.18 1
7. Tri alability 001 082 0.25 -012 0.08 -025 0.05 -0.02 1
8. Complexity -002 081 -0.37* -030 01 -023 0.13 -0.23 on 1
9. Compatibility -021 073 0.28 002 0.16 011 0.18 0.33* 0.03 -0.05 1

= Cormrelation is signifcant at e 0 .05 lewel (2-tailed).
= Comelafion is signiicant at the 0.01 lewel (2-tailed).

4.7 CONSTRUCTS
In this paragraph adlonstruct related survey results are visualizesing divergent stacked bar
charts.These charts featureudl X-axisto concurrentlypresent the average response value for each
Likert item as well as show titstribution of Likert responses usig@pnnt percentagefkegardless
of the number of item regonses, Hitemsare scaled tdit the Gannt bars length of 100%/ithin
the divergent stacked bar chartbe individual responsgroups are colour labelle@Figure 8)Figure
9 to 16 offer insight into each construct and its individui&lert items. After presenting all constructs
individuallyFigurel? featuresthe concludingscores for every construct

Legend

. Strongly Disagree
Disagres
Meutral
Agres

B Strongly Agree
Figure8. Legend referring t&igure9to 20

4.7.1 Rdative Advantage
The construct ofelative advantage explains the perceived benefits of the innovation in comparison
over the other optionsThis construct was composed of four questi¢Rigure 9).

Avg. Response Value

Question 2.0 15 10 05 0.0 05 10 15 2.0
D Question description e T = o - - = = =
RLAL With a Blockchain system | could do my work faster 05 I

RLAZ In general, | expect that using a Blockchain system is beneficial for my work 05

RLAZ | expect that using a Blockchain tracking system will increase my productivity . 0.0

RLA4R  |think our company is better off when using Blockchain traceability 0.7 I

-80.0% -60.0% -40.0% -20.0% 0.0% 20.0% 40.0% 60.0% 20.0%

Gannt Percent

Figure9. Likert scale responses to items categorized as Relative Advantage
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4.7.2 Observability

Observabilitydescribes how visible the results gained from usage of an innovation are to oftrers
perception of observability of the technology was assessdlle survey Figue 10).

Question description 20 15 10
| could clearly tell others what results they can achieve with Blockchain
traceability
| could clearly tell others what the consequences are of using a Blockchain
traceability system
The results that can be achieved with a Blockchain traceability system are
clear to me
I would have no problem explaining why using a Blockchain system may or
may not be helpful
I think that the results that can be achieved with Blockchain traceability can
be made transparent for other companies in the fish chain
-80.0% -60.0% -40.0%

FigurelO. Likert scale responses to items categorized as Observability

4.7.3 Trialability

Avg. Response Value

05 0.0 0.5
02
00
02
03
05
-20.0% 0.0% 20.0%

Gannt Percent

40.0%

Trialabilitydescribes the extent a new technology can be tested before adoptiRgdsible

concerns towards trialabilitwere examined in the survaysingfour items (Figure 11).

Question

I Question description 20 LS
TRLL My company knows who to contact to receive more information about

Blockchain traceability
TRL2 My company would like to test Blockchain traceability long enough to

experience what it can do for us
TRLZ My company wouldn’t have much to lose if we had tested Blockchain

traceability with unsatisfactory results
TRLA I think it is important that my current tracking system can continue to run

temporarily alongside a Blockchain system before | finally consider the switch

-80.0%

Figurell. Likert scale responses to items categorized as Trialability

Question
[s]

CLX1R

CLx2

CLX3

CLx4

4.7.4 Complexity

-60.0%

-1.0

-40.0%

Avg. Response Value

-0.5 0.0
04
0.0
01
Filal
-20.0% 0.0%

Gannt Percent

0.5

20.0%

4

0.0%

15 2.0
[
€0.0% 80.0%
15 2.0
I
60.0% 20.0%

Complexityexplains how the different levels of difficulty that new innovations possess has influence
on their rate of adoptionThe perceived complexity dbfockchairtraceabilitywas assessedsing
four Likert items (Figure 12Aspreviously describedhe construct of complexity has been

transformedto represent simplicity. Simplicity is the opposittecomplexity.

-2.0 -15

Question description

| think Blockchain traceability is easy to use

Qverall, | think Blockchain traceability is easy to use

| expect Blockchain traceability to be easy to use compared to our current
tracking system

| think the daily use of Blockchain traceability would be easy for me

-80.0%  -60.0%

Figurel2. Likert scale responses to items gaiezed as Complexity

Avg. Response Value

-1.0 -0.5 0.0 05
-01
-01
0.0
I 0.1
-40.0% -20.0% 0.0%6 20.0%

Gannt Percent

40.0%

60.0%

80.0%
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4.7.5 Compatibility
The construct of@ampatibility explainghe fit of an innovation in an existing social and technological
environment It has been assessed fye Likert items (Figure 13).

Avg. Response Value

Question 2.0 1.5 1.0 0.5 0.0 0.5 1.0 15
1D Question description s = = T - - - -
P | expect that the use of a Blockchain system can be combined well with all 01
aspects of my work :
cTB2 I think a Blockchain system fits well in the way | prefer to work I 0.0 I
cTE3 I am orje of the first to ingquire about new innovations that can be applied in my 05 I
work field
cTsaR In order to implement Blockchain traceability, | think no major changes in the - 07
current corporate culture are needed :
CTB5R  Changes to my tracking system have done me good in the past I 0.2 .

2.0

-80.0% -60.0% -40.0% -20.0% 0.0% 20.0% 40.0% 60.0% 80.0%

Gannt Percent
Figurel3. Likert scale responses categorizecCasmpatibility

4.7.6 Attitude towardsthe behaviour
The generaattitude towardsblockchairtechnology was assessed in the sur(ieigure 14).

Avg. Response Value

Question

D Question description -20 15 10 0.5 0.0 05 10 15

ATT1 In my opinion, it is desirable to use Blockchain technology as a tracking I 01 .
system

ATT2 | think it would be good far the entire fish chain to use Blockchain tracking I 06 I
systems

ATT2R  Ithink using a Blockchain tracking system is a good idea 03

ATT4 In general, my attitude towards Blockchain tracking systems is favourable 0.2 .

ATTS | will be happy if my company implements a Blockchain tracking system . 01 I

20

-80.0% -60.0% -40.0% -20.0% 0.0% 20.0% 40.0% 60.0% 80.0%

Gannt Percent
Figurel4. Likert scale responses categorized as Attitude toward the behaviour

4.7.7 Subjective norm
The perception of external social presswietherto adoptblockchaintraceability was evaluated

(Figurelb).
Avg. Response Value

Question 20 15 10 05 0.0 05 10 15
] Question description = T = - - - - -
SENI Using a Blockchain tracking system would improve the public image of my 01 .

company
SBN2 Most of my colleagues and chain partners expect my company to apply - 08

Blockchain traceability :
SENZ People whose opinion | value prefer my company to use a Blockchain tracking - 07 I

system
e~ If my competition were to investigate the use of a Blockchain system, it would . 03 I

put pressure on my company to do the same :
SENSR Iest|matgthe wﬂlmgness.of other companies in my chain to set up a joint . 02

Blockchain system to be high

20

-80.0% -60.0% -40.0% -20.0% 0.0%6 200%  40.0%  60.0% 380.0%

Gannt Percent

Figurel5. Likert scale responses to items categorized as Subjective norm
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4.7.8 Perceved behavioural control

The construct of perceived behavioural contoS I t & A GK (GKS AYRAQGARdzZ

behaviour and seléfficacy It has bea evaluated using four Lekt items(Figurel6).

Avg. Response Value

Question . . . . .
o] Question description -2.0 L5 1.0 0.5 0o 05 10 15
BPBC1 Qur company could fully utilize a Blockchain traceability system 04
oBC2 Whether or not my company would apply Blockchain traceability in the future I 05 I

is entirely in our own hands .
PBC3 Our company has sufficient knowledge to set up a Blockchain traceability - 07

system
PBECA S;J;t;;mpany has the financial ability to set up a Blockchain traceability . 05

-80.0% -60.0% -40.0% -20.0% 0.0%6 20.0%  40.0%  60.0%

Gannt Percent

Figurel6. Likert scale responses to items categorized as Perceived behavioural control

4.7.9 Concludingonstructresults

After presenting the individual Likert timese final Likert scalbas been drafted by combining the
individual Likert items into their respectiwealesLikert items that havéailed for reliability, as
shown inTable 1, have been excluded from the fir@nstruct scoreThe constructs are arranged
from top to bottom acording to theiraverage score, with the highest score on tdhe 95%
confidence interval of thenean response value represented by black barSigurel7).The
construct ofcomplexity represents the items shown in Figure 12, and thus represemdicity
instead of complexity in this overview.

Avg. Response Value

Construct ="

Relative advantage (RLA) I | 0.39 | I
Observability (02S) 0.28 ] I

Attitude toward the behaviour (ATT

Complexity (CLX

)

)

Trialability (TRL)

Compatibility (CTB) . | -0.21 | I
)
)

Subjective norm (SEN

Perceived behavioural control (PEC
-100.0% -80.0% -60.0% -40.0% -20.0% 0.0% 20.0% 40.0% 60.0% 80.0%
Gannt Percent

Figurel?. Concluding results of combined Likert responses by construct
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4.7.10 Score difference between adopters and raxopters
Figure B shows the discrepancies between tfigal construct scoreby separatingparticipants with
or without the intention to adopt blockchain traceability within the next 5 years.

Avg. Response Value
Intention to

Constructs = adopt -2.0 -1.8 -16 14 -12 -10 08 -0.6 0.4 -0.2 0.0 0.2 0.4 0.6 0.8 10 12 14 16 18 20
Relative advantagse ‘fes | 0.7 _l
(RLA) o [ | | a3 |
Observability (085)  Yes [ o7 ]
No [ o2 |
Attitude toward the Yes | 07 _l
behaviour (ATT) Mo . m_l
Trialability (TRL) Yes [ | 0.2 |
No | L o1 |
Complexity (CLX) Yes | 0.4 |
No I [ 01 |
Compatibility (CTB) Yes I 01 I
Ne | [ o= |
Subjective norm (SBN) Yes [ | |_ 0.2 J
No [ [ ]
Perceived behavioural Yes . I -0.2 I
cantrol (PBC) Mo I I_ 07 |
-100.0% -80.0% -60.0% -40.0% -20.0% 0.0% 20.0% 40.0% 60.0% 80.0%  100.0%

Gannt Percent

Figurel8. Construct scores separatedibtention to adopt

Anindependent samplestest was conducted to compare the effect that the intention to adopt has
on average response value$ a construc(Figurel8d ® [ S @Sy S Qthat hbrBageneit@idk 2 6 S R
variances were violately the constructs oéttitude toward the behaviourF(,41) =10.73 p=<.05
andthe construct ofobservabilityF(1,42) .06, p=<.05For theconstructs that violated the
assumption of homogeneity of variantiee Welch's ttest was usedThe subsequenttests, that

were performedwithin the constructfound several significant differencem the effect that the
intention to adopt has on the average response valutheftestedconstruct.The constructs of
relative advantage €p .07 l)trialability (p= 300), compatibility (p= .(b5), perceived behavioural
control (p= 571) andwere foundnot to have a significantly different average response valbhen
segregatedy the intention to adoptThe remaining constructs observability attitude toward the
behaviour,complexity andsubjective norm all ha@ p-value<.05 indicating a significant difference.

Simplifying the analysis lyscarding construaissociatios and thuscondensinghe response
values toonly be sorted byhe NB & LJ2 YirReBtibriit@atopt gives amore distinctoverview
(Figure 19).

fvg. Response Value

[a]
o
(5]
[a]

Willingness to adopt | ="

fes I 0.30
i

-100% -80% -60% -40% -20% 0% 20% 4094 60% 80% 1009

Gannt Percent

Figurel9. Condensed total item scores separated by intention to adopt

A subsequenindependent samplestiest was conducted to compare the effect that the intention to
adopt has orthe overall mearresponse valuefitems LIS @Sy SQa (Sad aK®w SR Sl dz f
both groupsF(11818 =2.28 p=.13. The subsequenttest reported asignificance levedf <.01,

42



indicating a significant difference between the overall item scoringshondents who are willing to
adoptblockchaintraceability and the respondents who indicated not to be willing to do so.

4.7.11 Blockchain knowledge and construct score

Fifty-five valid responses were received concerrtimgblockchairknowledge of the respondent®f
the respondents 40% had no prior knowledgélufckchairtraceability, 47% had some knowledge
and 13% reported thave extensive knowledge of the subject.

The averagéem response valueseparatedoy blockchairknowledge were observe@Figure20).

Avg. Response Value
Blockchain | _ - -

knowledge = =%

Yes, extensive . 0.24 | .
‘Yes, some I 0.12 I
= N fo=x] |

-90% -80% -70% -60% -50% -40% -30% -20% -10% 0% 10% 20%  30% 40% 50%  60% 70%  80% 90%
Gannt Percent

Figure20. Effect of selfeported blockchain knowledge on overall item response values

Onewayanalysis of several different varianog#asconducted to compare the effect that self

NELR2NISR ({y2¢6ftSR3IS KIFra 2y I @SNI IS NBalLlRyasS @I t dzf
variancewasviolated The subsguent WelchANOV Asignifiedsignificant differencef~(2,1655 =

50.21, p =>0.0]. Post hoc comparisons usi@mesHowellbetween the reported valuetor
extensive(p=>0.01)andsome(p=>0.0) reported blockchain knowledge regard tothe

respondents who answered to have no previous knowledge on the subjedignificant difference

wasfound between the answers of respondents reportioghaveextensive or some knowledge of
blockchairtraceability (p=0.27).

4.7.12 Blockchain knowledge and the intention to adopt

/| 2YAARSNAY 3 (KI G 2bjockehdirtracealaityhay & sigiifeait effieet on: R 2 LJ{
construct scoreRigure 18) andlockchairknowledge had a significant effect on construct score
(Hgure 19)a possiblepattern was observedrigure 21 shows #responses o$elfreported

blockchain knowledgeeparated by the intention to adopt.

Gannt Percent

Figure21l. Intention to adopt separated by reported blockchain knowledge

Testing for differences of blockchain knowledge between particgaith and without the

AyiSyiaAazy (2 R2LJG of2010KFEAY (NI OBHeoAt A& o1 a L
respondentswith no selfreportedknowledge of blockchain traceabilib?2.5% indicatedio intention

to adopt blockchain traceability. For thesgondents who indicated to benowledgeableabout the
subject93.3%indicatedto be willing to adopt blockchaitmaceabilitywithin the next 5 yearsC A & K S NI &
exact test reported a{value <.0@, indicating that the difference in proportions observed is
significant.Participants with the intention to adopt had significantly more knowledge about
blockchairtraceability than participants who had no intention to adophere was no statistically

significant association difference between the willingness tophehen participantgpossessed
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test, p =.D.

4.8 PREDICTING THE WILLINGNESS TO ADOPT
4.8.1 Average onstruct scores
Binomial logistic regressianalysisvasemployed topredict the outcome of thelependent
variable which is the willingness to adoptisingmultiple independent variables in the form thfe
composed constructBecause of missing data 26 cases could potentially be included in a binomial
logistic regression that includes all eightividualconstructs Following Peduzzi et ajuidelinesas
set out in the Materiad and Methods,would imply the need for 271 cases (10*8/0.295). Accordingly
no additional regression analysis could be conducted tisas the individual eight constructs as the
data density was deemed too low.

To achieve the necessary data dengitymbining all eightonstructsto form asinglenew Likert
scale representing thiotal scoreof the eightconstructswas consideredThe newvariable consisted
of 26 valid case\ preliminary ttest indicated a significant differen¢p=>.05)in the values of the
ySote T2 NN&dRcodstuctscBreSbuped By the indicatedillingness to adoptEitting
a logistic regressn modelwith the intention to adopt as the dependent variable aheé new

1 N | total Songdrdct sd6@Q(Rigure22) hadenough data density to continue the analysis.
The subsequerttinomiallogistic regression model was statistically significadfg) = .91, p= .001.
The model explaineB0% (Nagelkerke3Rof the variance in willingness to adoptosmer and
Lemeshow testesultsconfirmedthat the model was a good fit for the dat& (df=7, N26)=8.89
p=0.26.The positive predictive value was establishe@@ That is, of all cases predicted to
possess the willingness to adogitlockchaintraceability,90% were correctly predicted. The negative
predictive value, meaning of cases predicted not to be willing to ad#k% were correctly
predicted by looking athe total scoreof the eight construcs.

Intention to adopt

Average Construct Score

Figure22. Average score dfll combined constructseparated by the intention to adopt

According to the model the odds of a respondegporting to want to adopblockchainechnology
within the next five yearsmore thantwiceak A 3K ¢ KSy { Kt&al @hsfrudzScd23TQ Qi K S
increases byne point(Table B).

Tablel3. Logistic Regressipmodellingwillingness to adopt téotal construct score

Variables in the Equation

95% C.Lfor EXP(E]

B S.E Wald df Sig. Exp(B) Lower Upper
Step1®  Total construct scores 828 352 5537 1 018 2.288 1.148 4 560
Constant =279 A10 .2499 1 584 757

4.8.2 Average scores correlated constructs

The same binomial logistic regression analysisrepsated. Instead of using all eight constrycts
only the constructs that were found to have a direct correlation to the willingness to adopt were
included.The newindependent variableonsised of the constructsattitude towards the behaviour,
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subjectivenorm, observability and complexity. A preliminary test indicated a significant difference
(p=>.05)in the values of the newly formed scale grouped by the indicated willingness to adopt. The
newly formed variablevasmodelledusing a logistic regressiavith the intention to adopt as the
dependent variableThe subsequentiinomiallogistic regression model was statistically significant,
.%(2) =4.90, p= .@7. The model explaineti8% (Nagelkerke3Rof the variance in willingness to
adopt.Hosmer and Lemeshow test results confirmed that the model was a good fit for the #Hata
(df=6, N=35) =3.56p= .74. The positive predictive value was establishe&%6% That is, of all

cases predicted to msess the willingness to adofitlockchairtraceability,55.6% were correctly
predicted. The negative predictive value, meaning of cases predicted not to be willing to adopt,
69.26 were correctly predicted by lookingtae total score of thefour correlated castructs.

According to the model the odds of a respondent reporting to want to adopt blockchain technology
within the next five years iglmosttwice as high when the value of tlkembined variable of the
four correlated constructincreases by one point (Table 14).

Tablel4. Logistic Regression modelling willingness to adopt to correlated construct score

Variables in the Equation

95% C.Lfor EXP(B)

B SE Wald df Sig. Exp(B) Lower Upper
Step 17 Caorrelated constructs 554 273 4110 1 043 1.741 1.019 2.975
score
Constant -.630 385 2,682 1 02 533

a. Variahle(s) entered on step 1: Correlated constructs score.

4.8.3 Blockchain knowledge

Binomial regression analysis of intention to adopt blockchain traceability and reported blockchain
knowledge wagonsideredWith 55 included cases this analysis complies with the previously stated
guidelines as thedesired 34sampks are reache@0*1/0.295) The subsequent logistic regression
Y2RSt gl a aial 4X3)sa Mao o= 0@l. TadnbygeheXplainddys (NagelkerkeR

of the variance in willingness to adopt. The positive predictive wahsestablished at 71.4% hat

is, of all cases predictetd poses the willingnes® adoptblockchairtraceability, 71.4% were

correctly predicted The negative predictive value, meaning of cases predictetbrim willing to

adopt, 792% were correctly pradted by looking at their seteported knowledge oblockchain
traceability.¢ I T Ay 3 (GKS OF §S32NE 2 T botH e GtedgpriefobxtesdBdild S Q Q
knowledge = > .05and ¥ Q & Rn¥wledg&(@= >.05)significantlydiffer in their willingness to
adoptthan the respondents wheeported no prior knowledgeAccording to the model the odds af
NEB & LJ2 yuHIBghds$ia adopblockchairtraceability is eleven times highahen the
respondentpossessesome knowledge er no knowledge on the subject at all (Tab#. Having
extensive knowledge increases those oddbéanore than fifty times more likelydowever, as the
sample size igestrictive K S NB L2 NI Sd@menithRubdtihtial kahffdé@nce intervals (Tabl

15).
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Tablel5. Logistic Regressipmodellingwillingness to adopto blockchairknowledge

Variables in the Equation

95% C.1for EXP(E)

B SE. Wald df Sig. Exp(B) Lower Upper
Step 1% Mo 8.979 2 on
Some 2.409 1.103 4764 1 024 11.118 1.2749 96.661
Extended 3.961 1.322 8.977 1 .003 52.500 3.935 T00.530
Constant -3.045 1.024 2.848 1 .003 048
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5 DISCUSSION

5.1 POPULATION SAMPLE
Of the 2412 amails send, 162 bounced and 1009 were opened. The opemedlils registered 72
clicks tothe survey Of which 61 respondents (partly) completed the survé&iis resulted in a cliek
through rate of 3.2%, whicis similar toreported averages for the food industry of 2.¢8ailchimp,
2019)and 3.8%1BM, 2018) The 61survey responses correspond to 1.3% of the tatahberof
businesses active in the Dutch fish supply chain and correspdad %6 of thetotal amount of
companies that were contacted.

5.2 PEARSON CORRELATION
In previous workWeigel et alconducted a metanalysisof construct correlatiorfor both the
theory of planned behaviowndthe diffusion of innovationsn relationto the willingness to adopt
(Weigel, Hazen, Cegielski, & Hall, 20THe 95% confidence intervalsat this study reported are
included in Tabld6. As can be seen from the data the tested construgerteived behavioural
controlfailsto fit within the reported confidence interval§able B). The score for theonstruct of
perceived behavioural control was determined by only two Literns, and thus was the construct
made up of the lowest number of items. Item PBC3 questioned participants on whether they assess
their company to possess sufficient knowledgesttablish a blockchain traceability system within
their company. PBC4 assessed the financial ability of the company to adopt blockchain traceability.
No indication of required knowledge or financial means were communicated, all participants made
their ownassessmeniOverall uncertainty in assessing these requirements is likely to have led to the
discrepancies in the correlations found in this study compared to the literature values.

Tablel6. Gonstruct correlation to th@ropensity to adoptcompared to literaturevalues

Th Construct Found Wiegel et al. |Wiegel etal.
eo onstru
v correlation | p:95% CILL | p:95% Cl UL
Theory of Attitude Toward Behavior 0.45** 0.37 0.65
planned Perceived Behavioral Control 0.10 0.39 0.44
behaviour |Subjective Norm 0.40%* 0.15 0.52
Compatibility 0.28 0.24 0.62
Diffusion of Relatweﬁ'j.l:liuantage 0.26 0.20 0.63
. . Observability 0.43** 0.16 0.60
innovations
Trialability 0.25 0.14 0.50
Complexity -0.37* -0.54 -0.03

* Correlation is significant at the 0.05 level (2-tailed).
*# Correlation is significant at the 0.01 level (2-tailed).

5.2.1 Research question 1

LYF2NXIGA2Yy NBIIFINRAYy3I NBaSIHNOK parbdsddiaptggesoly Q Q2 K I
a blockchain traceability system in comparison to pap&sed and computerized syst@nkwas)

gatheredby conductinga literature reviewwhereof the results are presentad chapter3.

In essencePapertraceability systemand current IT systems are known to suffer from alteration,
corruption and loss of stored datahile Blockchairedger entries cannot be changed or removed
The immutable ledger eases auditory processes and simplifies dietedtion.Blockchain
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technology is robust as it does not have a single point of failure. The shared synchronised ledger
ensures prevention obks of data

In paperbased traceability systems the downside of written documents is human error, no quick
sifting of information and slow track and tracirigJockchain allows for a shared system of records
across all supply chain actors without centratiisn of data

Generally, every link in the chain stores its own product information. This causes limited access to
important data and makes it hard to establish a trustworthy overview of a supply d@laickchain

traceability systems allow for monitoignof the supply chain, which would ensure better safety and

quality products for the consumeWalmart has indicated that their pilot tests with blockchain
G§SOKy2t23& KIFIa LINRPGSY (2 NBRdIZOS GKS GNIOAy3a 2F
from 6 days, 18 hours and 26 minutes using traditional techniques, down to 2.2 seconds using
blockchainAs suchBlockchain technology allows almost réiahe access to transaction data

throughout the entire supply chajmgreatly aidingesponse capabiles duringfoodborne disease

outbreaks

The current lack of ICT personnel with experiendadickchainintegration requirescompanies to
heavily rely on external parties, which comes at a significant investment of resoOnolysa few
service providig companiegurrently offer packages that make digital legacy databases
interoperable withblockchaindatabases. No cases have been publicly documented wherein
blockchairtraceability system functions interoperable with a pajiersed food traceability sysin.

As of present,@gulatory agencies do not have explicit statements on blockchain traceahsity.
such,legal certainty is currently regarded as a key bamadslockchain traceabilityCurrently, ISO
standards for blockchain traceability are stitlibg drawn upWithout international standards
interoperabilitybetween different kinds of blockchain networeiee far fromthe norm

In addition,companies closer to the end consumer found higher value in an advanced traceability
system than primary pragters. Subsequently, the costs of increased traceability are relatively
greater for the primary producer than at retail level, makihg chain wide adoption processe$
Blockchain technologg rather imbalanced proposition

Blockchairtechnologyis anovel way ofachieving traceability of foodstuffs with the potential to
greatly increas traceability and transparency efforiSurrent aoption of blockchain technologg
low as awareness, knowledgeompatibility,and legal certainty are lacking.

5.2.2 Research question 2

¢ KS NBadzZ & NB I NRWhatds tiéBuirét stafd ¢f trageddslity in the safaoy WQ
sector Q & khat of h&61 respondentgt4%of the Dutch seafood industry currently employs a
mix of papetbased and digitaiheansto secure their food traceability requirement®1% of the
respondentssay their business relies solely on a pabased traceability systemlhe remaining
15%saysthat they use a digital traceability systetdnfortunately, nosuitablesourcescan be ded

that have profiled the uageof the different approaches to product traceability within tfeegfood
sector.Onesource of reference citehat 81% of traceability systems are either pajpaised or are
only partially digita(Bruno & Ellis, n.dJhis is near thealuefound in the survey, which was at 85%.
This could signify that the Dutdishing industry does not diffén its approach to food traceability
than other companies in the food indugtiAnother sourcaeportedthat 61% (N=94) afompanies

in the seafood sectoof North Americaemploy a digital traceability system. Howevaccording to

the researchersheir samplewasrather biased toward companies committed teustainability and
thuswith a higher likelihood of using digital traceability systdiardt, Flett, & Howell, 2017 he
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only point that can be concluded from thgoint of references that the Dutch sectos far from as
digitizedas Americarseafoodcompanies that have a focus on sustainahility

Even as one couldypothesizehat fisheries could have highengagementvith digital traceability
systemsbecause of their obligation tdigitally report their catclstatement to the authoritiegsee
paragraph2.22 on ERGno significant difference between thesheries and othesupply chain links
was detectedp=.405) As such it appears that the obligation for all commemiatchfishing vessels

to report their atch statements digitally to thauthoritieshas nodirectimpact on the way they

handle their food traceability systerithe fishing industry has long described to be very conservative
(Shepherd, 1981(Nooitgedagt, 2007(Nooitgedagt, 2017(Krome, 2019)this is a notion that has

also been commentedn by some of the questionnaire respondent$is might be a&lue asto why
digitalizationprimarily occuravhen it is mandated.

Furthermore, the results signified thdtgital traceability systemgivetheir userssignificantly more
satisfactionthan paperbasedsystems | =.029) Unfortunately,the causeof the significantly higher
satisfactiorwasnot identifiablebecause of a lack @bmplementaryquestionnaireitems.
Subsequently, naomparable studies have been conductegardingfood traceability systems and
their correspondinguser experiencelhe reason Wy digital traceability systemsage users
significantly more satisfactiothan their papetbased counterpadgthus remain up for debate.

In essencein its current state theraceability systems iDutch fish industrgonsist of 15% digital,
41% papetbased and 44%f a mixure of paper and digital processebhe users of a digital
traceability systemmeported a significantly highersersatisfaction in comparison tpaperbased
traceabilityand/or the users who emplog mix ofpaper and digital processes

5.2.3 Research question 3
Research question 8/hat factors influence the willingness of companies in the Dutch fish sector to
adopt a blockchain based traceability systéirthis been explorettom several different angles.

Aspreviouslyobserved irFigurel8, somediscrepanciegxistbetween the final construct scored
respondents who indicated the willingness to adeptsus the respondents who did not possess the
willingness to adoptSubsegently, a more distinct overview wasadein Figurel9 by comparing

the overall itemscores of respondents with and without the willingness to adtgtirned out that
respondents who were positive about adopting blockchain traceability rated their lii&srs
significantly higher than those wtdid not These preliminary results showed that tbenstructed
instrument had the potential tanodel for the willingness to adofifockchairtraceability.

Subsequentlythe use otbinomial logistic regression analysiasexploredto predictthe willingness

to adopt using the composed constructs. Unfortunately, because of missing data only 26 cases could
be included in the analysishe data density was deemed too law continuemodelling with more

than one variable at a timésprevious analysis showesignificantLikertitem score differences

between the adoption propensitie® compromise was exploréd solely model with a new variable
consisting of the averagecore of the eighconstructs for each responde(fEigure 21) The
subsequenbinomiallogistic regression model was statistically significamid was shown tpredict

the willingness to adopt with 90% accuracy, while predictingréjection to adopt with 87.5%
accuracyAccording to the model the odds of a respondent reporting to want to atgptkchain
technology within the next five years is more thantwicdd KA IK ¢KSy GKS @I f dz8
O2yaidNHzOU & 02 NB a QSubsequéntyiSa siniaimodebwa efpforedizverfol d

this analysis onlthe four constructs thawvere found to be significantly correlated to the intention

to adoptwere transformedinto a new independent variable.
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Another model was explored predicting willingness to adopt using the respondentsepetted

knowledge of the subjecParticipants with the intention to adopt had been found to have

significantly more knowlegke about blockchain traceability than participants who had no intention

to adopt. Toselect the bestINS RA Ol A @S Y2 RSt GKS dza(8l@)avasuskddzNIIA OK |
The combined averaged score of all eight constructs was selected as best fitting model to predict

2 y SMilliagness to adopt blockchain traceability

Figure B showcased the results time Likertitem which questiored respondents on whether they
think corprate culture requires no major changder the implementation ofblockchairtraceability
to take placeThsitem is one of the lowest rated questions on the questionnaimelicatng that
80% thinks changdse corporate cultureare neededor interoperable traceability to come to
fruition. These resultsare in support of the findings of Hardt et alho indicated that the fish
industry isstrongly competitive, wheredslockchairtraceabilityfairs well byinteroperability, which
requirescollaboration betweerparties(Hardt, Flett, & Howell, 2017Thenotion of exchanging
traceability data is perceived aisky ands contradictory topredominantfishindustrybelieves
(Hardt, Flett, & Howell, 2017)

¢tKAA addzRe Ffaz2 3IFAYSR AyaAirakKd Ayid2 GKS FIOdG2NE&E?S
FYR 121 8SyQa ¢KS2NEB 2F LXIFTYYSR 0SKIF@GA2dNE GKI G OF
traceability. Modelling variables to predict the willingness to adsmiwed that a respondents

blockchain knowledge or the combined score of all constructs are an explanatory factor for the

willingness to adopt. Statistical modelling with a binomialdtigiregression approach gave the best

results when using the combined average score of the constructs of relative advantage,

observability, attitude toward the behaviour, trialability, complexity, compatibility, subjective norm,

and perceived behaviourabntrol. The model was shown to predict the willingness to adopt with

90% accuracy, while predicting the rejection to adopt with 87.5% accuracy. Unfortunately, due to a
restrictive sample size the eight constructs could not be individually modelled.

In essenceThe constructs ofttitude toward the behavioursubjective normobservability, and
complexity shoved asignificant linear correlation with thimtention to adopt.Thecombined
averaged score of all eight construatsthe Innovation Adoptiomindset modelwere proven to be
the best model to predic® y SmMbiagness to adopblockchain traceability.

5.3 RESULT LIMITATIONS
5.3.1 Construct validityestingfailure and subsequemationale
As described i8.4.2.2, theKaiserMeyer-Olkin measure of samplirapequacywas conducted in
paragraph 4.6 to determine if the data was fit for Exploratory Factor Analysis. Thead€iO
returned anon-positive definite matrixwhich means at least one of the eigenvalues was negative.
The most probable cause of this eriiera lack of data density, i.e. too few datapoints for the number
of variables being includedField, 2018)A considerable amount has been written about the
required sample size for factor analysis. A common rule of thumb states that af. A
participants per variables recommendedField, 2018)As this study used 36 indival items to
anticipate the willingness to adopt, application of this rule would implicate the need for 360 to 540
survey participants-However, others state a more conservative response réeording taHabing
having 5 times the amount of responses ithaaving variables should be suffici¢htabing, 2003)
This would still implicate the need for 180 survey respondents to conduct a meaningful exploratory
factor analysis. The currently reached ratio of 1.7 respondents toidblarn(61 respondents to 36
variables) is thus likely the cause of then-positive definite matrix
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In an effort to return a positive definite matrix, missing values were replaced by the average value of
the construct instead of being deletdidtwise Using this strategy KM@st no longer encountered

a negative eigenvae and thus could be computed. The resulting kivélue of 0.57 is categorized

G2 0S5 WQNKalksér & Ritep1074I0en though this strategy returnedasitive value,

averaging is not recommended as it can greatly underestimate the variance which will impact
subsequent correlation and covariance computati¢Pguch & Stevens, 2015)

If prompted for continuation of the factagnalysis, even though the data could be classified as being

a miserable fit, the results would be misleading. Costello and Osborne examined the ratio of
respondents to variables needed to produce correct factor structures. They concluded that only 10%
of samples with a ratio of 2:1 formed the appropriate results when compared to the tested
population(Costello & Osborne, 2005)

Because the composed questionnaire has not been field tested before, statistically testing the
validity of the composed constructsasof importance As the procured data failed to be fit for
factor analysis no validity test was completed. Justifying the validity of the procured results thus
remains limited to the extended use sfirveyquestions that were based grreviously conducted
peer reviewed studies

5.3.2 Sampling method

The used sampling method differs from the originally intended sampling process as previously
outlined. As described in paragraph 4.1, the respective cooperativesageatacted, but were not
interested in distributing the survey to their members. Alternatively, busineassiés were procured
through internet search. This might have caused a coverage error as companies that do not have any
online presence to be excludéem the sampling poglcausing more technologically savvy

members of the population to have a higher sampling probabiitya very considerable proportion

of the businesses had no online presence (Table 9), the sampling bias could have had a significant
impact on the survey resultsThe voluntary nature of participation might also have had impact on

the results.Voluntary responssurveysare more inviting to people who maintain a strong opinion

on the subjec{Moore & Notz, 2017)

5.3.3 Reflecting on individual models

Due to a restrictive sample size the constructs of the theory of planned behaviour and the theory on
the diffusion of innovations could not be individually modelled in a reliable manner. As such, only a
combined scoe off all constructs were modelled to predict the willingness to adopt.

5.4 FURTHER RESEARCH

5.4.1 Building upon research results

Results signified that digital traceability systems diveir users significantly more satisfaction than
paperbased systems. Unfortunately, the cause of the significantly higher satisfaction was not
identifiable because of a lack of complementary questionnaire it&asondlyno comparable
studies have beenonducted regarding food traceability systems and their corresponding user
experience. The reason wiwgers of digital traceability systemsated their satisfactiorsignificantly
higherthan their paperbased counterparthus remains fofurther analysis

5.4.2 Regarding result applicatiamdchartingthe entire supply chain

Of the seafood consumed in the European Union 54 percent is impdtahuse this study limited
itself to the Dutch fish industry onlysmallpart of the seafoodsupply chain is exploredis fish is a
global commodity research towardse willingness to adopt blockchain technology should
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preferablyencompasshe full suppy chain and thusave an international focugiddressing the
willingness of the fish industry to adopt in a different location and business culture could therefore
be of interest
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6 OONCLUSION

The main goal of this studyasto assess the willingness to gata blockchain based traceability
system among different actors in the fish indus®f.the 61 respondents, wheere active in
fisheries to retail, 29.5% indicated timention to adoptblockchaintraceability within the nexfive
years.Of the respondents50.8% indicated texpectblockchairtraceability to eventually be widely
adopted in the industry.

Information about the current use and sentiment on paper, digdall blockchain traceability
systemsawvas obtained Ofthe 61 respondents 44% of the Dutch seafood industry currently employs
a mix of papetbased and digital means to secure their food traceability requirements. 41% of the
respondents say their business relies solely on a phpsedtraceability system. The remaining

15% say that they use a digital traceability system. Unfortunatelguitable sourcescouldbe
retrievedthat have profiled the usage of the different approaches to product traceability within the
(sea)food sector-uthermore, the results signified that digital traceability systems give their users
significantly more satisfaction than papeased systems.

The factors thatesultedfrom this studycouldhelp blockchairmarketers and traceability
professionals to devisa betterblockchainmplementationprogram Based orthe conclusionf

this study practitioners should considéocusing orthe constructs that had a significant correlation
with the intention to adopt, which wereattitude towards the behavioursubjective norm,
observability and complexity.

Of the seafood consumed in the European Union 54 percent is impdBechuse this gty limited
itself to the Dutch fish industry only a small part of the seafood supply chain is exgloretains
for further research taonductatotal supply chain envelopingtudywith an international focusas
differences irthe willingness to addpblockchainraceabilityat different locationsor cultural
backgroundsouldimpact thepotential of the innovation.

Furthermore, esults signified that digital traceability systems give their users significantly more
satisfaction than papebased system Unfortunately, the cause of the significantly higher
satisfaction was not identifiable because of a lack of complementary questionnaire items. The
reason whyusers ofdigital traceability systemiated their satisfactiorsignificantlyhigher thantheir
paperbased counterparthus remains fofurther analysis
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APPENDIA: SURVEWVITATION EMARREFAGE QUESTIONS

This appendigivesanentire overview of communicatiotowards(potential) participants of the
survey.The communicatioan bepartitioned in threedifferent sections

9 Part 1:The email sentto potential participarts (FigureAl & AJ.
1 Part 2:0nce the link to the survey was opened the questions were prefaced by a general
introduction onblockchaintraceability (Figurd).
9 Part 3:The questions of theurveystarted right below the preface
o0 TableAcontains all questions regarding demographics.
o TableBO2y (il Aya Fff [[dzSadAaz2ya NBIFNRAy3I ! 21 Sy
the Intention to Adopt.
o TableCO2y dlAya Iff ljdzSadAz2ya NBIFNRAYy3I wz23ISN
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FigureAl. Invitational email. Part 1 of 2.
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