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We consider two just-in-time scheduling problems in a single-machine environment, where the due dates are not job-dependent but
position-dependent. A job can be rejected or accepted, and the processing time of the accepted jobs can be reduced according to a
decreasing convex function of the resource consumption amount. Some cost occurs for rejecting jobs and reducing the processing times
of the accepted jobs. The performance measure of the accepted jobs is the total benefit of the just-in-time jobs. The first objective
is to maximize the total benefit minus the total rejection cost with a constraint on the total resource consumption cost, and the second
is to maximize the total benefit minus the sum of the total rejection and the total resource consumption costs. We show that the first
problem is weakly NP-hard, and polynomially solvable if the benefit and the rejection cost of each job are identical. Furthermore, we
show that the second problem is polynomially solvable by reducing it to the shortest path problem.
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1. Introduction

Consider a single-machine scheduling problem such that
the due date is not job-specific but position-specific. Note that
such due date is referred to as a generalized due date (GDD).
The performance measure is the total benefit of the just-in-time
(JIT) jobs that are completed exactly at the assigned due date.
Two options are considered to improve the performance measure.
The first is to reject some jobs, which incurs the rejection
cost. Note that the rejection can be interpreted as the outsourcing,
defined as a business practice in which services or job functions
are farmed out to a third party. The second is to reduce the
processing time of the accepted job by using the additional
resource, which incurs the resource consumption cost. Note
that in our problem, the processing time of each job is inversely
proportional to the power of the resource consumption amount.

Our problems can be formally stated as follows. Let
J=1{1,2,...n} be the set of the jobs. For j&.J, each job
j has a workload w;, a benefit v;, a rejection cost o, and

the processing time that can be calculated as

where u; is a resource amount consumed to job j and £ >0
is a given value. Under the GDD policy in our model, a due
date d, is assigned to the job positioned ith for i€{1,2,...,n}.
Let A, =d,—d,_, for i€{1,2,..,n}, where d,=0 for

consistency of notation. For simplicity, assume that

dy <dy, <-—=<d,.

Under the rejection option in our problem, some jobs can
be rejected, which occurs some cost. Let o= (O, 7, u) be
a schedule such that

- O is the set of the rejected jobs;

-7 =(m(1),7(2),...w(1)) is the sequence of the accepted

jobs in 7=J\ O, where | =1

“u=(u;);c, where u; >0 is the resource amount consumed

to an accepted job.

To ensure that the schedule is well defined, assume that

oF
>

in o =(0mu),
- All jobs in 7 should become the JIT jobs, which implies
that the non-JIT jobs should be rejected;
- A cost o; occurs for each job j& O, while a benefit v,
and a cost u; occur for each job j&=17,
-Job (i) in 7 has a due date d; for i<{1,2,...,1} while
the jobs in O do not have the due date.

Let o = (07 ,u") be an optimal schedule and 7" = J\ O".
For jE 1, let Si(") and Cj(a) be the start and the completion
times of job j in o, respectively. Then, it is observed that
if job j in 7 is sequenced ith in o, then

Sj(a) =d,_, and C'J-(J) =d,.

Note that if Si(") #d;_y, then in o, S, (o) >d,_, due
to C.;_1)(0) =d, ;. Then, we can decrease the value of
u; by increasing the value of job p;(u;) without infeasibility
or the decrease of the objective value. Two objectives are
considered in our problems. The first is to maximize the total
benefit minus the total outsourcing cost while the total resource
consumption cost should not exceed a given budget. The second
is to maximize the total benefit minus the sum of the total
outsourcing and the total resource consumption costs. Thus,

our problems can be formulated as follows:

maz z,(0) = Zvj— 207

je€r° jEo’

s.t. Zuj < B,

JEI

where B is a given budget for the total resource consumption

cost, and

maz z,(0) = Evj—Zoj—Zuj .

JEI j€0 JEI

Let the first and the second problems be referred to as Problems
P1 and P2, respectively.

The remainder of this paper is organized as follows. Section
2 reviews the related literature. In Section 3, we prove the
weak NP-hardness and the polynomiality of Problems P1 and
P2, respectively. Finally, Section 4 presents concluding remarks

and future works.



2. Literature Review

In this section, we first review four research fields related
with our problem, and then introduce the papers simultaneously
considering more than two research fields. Since our machine
environment is a single-machine, we focus on the a
single-machine case.

The research on a scheduling problem to maximize the
weighted number of the JIT jobs was initiated from the work
by Lann and Mosheiov (1996). They proved the polynomiality
of a single-machine case. See (Kovalyov et al., 2007; Sung
& Vlach, 2005) for the parallel-machine case (Choi & Yoon,
2007; Shabtay & Bensoussan, 2012) for the various shop cases.
The research on scheduling with controllable processing times
was initiated from the work by Vickson (1980) (see Janiak
et al., 2007; Shabtay & Kaspi, 2006) for the comprehensive
surveys). Since the processing time in our problem is calculated
as a convex function, we focus on the research with convex
resource consumption functions. For simplicity, let the problem
to minimize the sum of the criterion and the total resource
consumption cost be referred to as Type 1, and the constrained
version as Type 2. Choi & Chung (2021) considered three
single-machine cases with bounded convex resource con-
sumption functions and the makespan (or the total completion
time) criterion. They proved the polynomiality for Types 1
and 2 of two criterions except Type 2 of the second objective.
Shabtay & Kaspi (2004) introduced some polynomially solvable
cases, and developed a dynamic programming algorithm and
some heuristics for Type 2 of a single-machine case with the
total weighted completion time criterion. Choi & Chung (2022)
proved the NP-hardness and introduced the polynomially
solvable case for Types 1 and 2 of two single-machine cases
with the late work criterion. See (Monma et al., 1990) for
the project scheduling case, Choi & Lee (2022), Shabtay &
Kaspi (2006) for the parallel-machine case, and (Cheng & Janiak,
2000; Choi & Park, 2022a, 2022b; Engels et al., 2003) for
the flow shop case. The research on scheduling with GDD
was initiated from the work by Hall (1986). Hall (1986) and
Hall et al. (1991) established the computational complexity
for the problems with various performance measures (e.g., the
maximum lateness, the total weighted tardiness and the weighted
number of tardy jobs), except a single-machine case to minimize
the total weighted tardiness, which later was proven to be NP-hard
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in (Srikandarajah, 1990; Yuan, 1992) and strongly NP-hard
in Gao & Yuan (2016). Choi & Park (2018) established the
computational complexities for the various single-machine cases
to minimize the weighted number of early and tardy jobs. The
objective to minimize the total earliness plus the total tardiness
in a single-machine case was considered in (Choi et al., 2019;
Choi et al., 2022; Gao & Yuan, 2015; Hall et al., 1991). Hall
et al. (1991) proved the weak NP-hardness of the case with
identical due dates, while Gao & Yuan (2015), and Choi et
al. (2019) proved the strong NP-hardness so even for the case
with identical intervals between the consecutive due dates. For
simplicity, let GDD with identical intervals between the
consecutive due dates be periodic due date (PDD). See (Choi
et al., 2022; Hall, 1986; Hall et al., 1991; Kim et al., 2020)
for the various shop case. The literature on scheduling with
rejection was initiated by Bartal et al. (2000). They developed
the approximation algorithm for Type 1 of a parallel-machine
case with the makespan criterion. Cao & Zhang (2007) and
Zhang et al. (2009) considered Type 1 of a single-machine
case with release times and the makepsan criterion. In Cao
& Zhang (2007), the complexity was proven to be NP-hard
and an approximation algorithm was developed, while in Zhang
et al. (2009), the exact complexity was established to be weakly
NP-hard and an FPTAS was provided. Sengupta (2003)
considered the weak NP-hardness and developed a FPTAS
for Type 1 of a single-machine case with the maximum lateness
criterion. Engels et al. (2003) considered the weak NP-harndess
and provided an FPTAS for Type 1 of a single-machine case
with the total weighted completion time criterion. Lee & Sung
(2008) proved the NP-hardness for Type 2 of a single-machine
case with the total completion time criterion. See Choi & Chung
(2011) for the flow shop case.

Henceforth, we introduce the papers considering
simultaneously at least two fields among four fields of JIT
jobs, GDD, resource consumption functions and rejection. First,
Gerstl & Mosheiov (2017, 2021) considered a single-machine
scheduling problem with GDD and rejection. In Gerstl &
Mosheiov (2017), they proved the NP-hardenss developed the
heuristics for Type 1 of the case with the maximum tardiness
(or the total tardiness) criterion. In Gerstl & Mosheiov (2021),
they proved the weak NP-harness for Type 2 of the case with
the total late work criterion. They showed that the problem
is weakly NP-hard. Choi et al. (2020) proved NP-hardness
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for Type 2 of the identical parallel-machine scheduling problems
with GDD, linear resource consumption functions and the number
of the JIT criterion. Choi (2022), Karhi & Shabtay (2018),
and Shabtay & Steiner (2011) considered the single-machine
scheduling problem with convex resource consumption functions
and rejection. In Choi (2022), he proved the NP-hardenss for
Types 1 and 2 of the cases with the makespan criterion. In
(Karhi & Shabtay, 2018; Shabtay & Steiner, 2011), they proved
the NP-hardness and developed an FPTAS for the case to
minimize the sum of the makespan and total rejection cost
while the total resource consumption cost should not exceed
a given budget.

To our best knowledge, the scheduling problem considering
simultaneously the JIT jobs, GDD, the convex resource

consumption functions and rejection has not yet been found.

Table 1. Papers with at Least Two of Four Fields

Papers JT | GDD | Cov. | Rej.
Gerstl & Mosheiov (2017, 2021) 0 0
Choi et al. (2020) 0] 0 0
Choi (2022), Karhi & Shabtay 0 0
(2018), Shabtay & Steiner (2011)
Pl & P2 (0] 0 0 0

* Cov. : convex resource consumption cost function
* Rej. : Rejectoion

3. Results

3.1 Optimality Condition

In this section, we introduce an optimality condition that
holds in Problems P1 and P2.

Lemma 1: If {a.b}< 7" and w, <w,, then C,(c")
EACOENACHENACHE
Proof: Suppose that
ACHEIACHERACSECACY )
Then, we can construct a new schedule o= (O;m,u) by

letting
(S,(0),6,(")) forj=a

*

(8,(0),C)(0)) =1(8,(0).C,(0")) forj=b ;
(8,(0").C(0")) forjE I\ {ab}

oF
>

and

1

w,(Cy(o") =S, (c7)) * fori=a

YT (0" =8 (07)) K fori=D

u; fori€J\ {a,b}.
1
Note that w,=w,(C,(c)—8,(c)) ¥ and wu,=
_1
w,(C,(c")—8,(c")) *. Then, it is observed that z, (o)
=z,(0") and z,(c) = 2,(c"), and by (1), we have
Euj > Zﬂj,
jE1 €T
which implies that o is a feasible schedule. By these

observations, Lemma 1 holds. Il

3.2 Problem P1

In this section, we show that Problem P1 is weakly NP-hard
and polynomially solvable for the case with identical benefit

and rejection cost, that is v; =v and o;=o for j&J.

Lemma 2: Problem P1 is NP-hard.

Proof: We prove it by a reduction from the partition problem,
which can be stated as follows: Given the integers in
N={a1,a2,...,ag} with élaJZZA, is there a set QC NV

iz
with Y, a;=A?
JEQ

Given an instance of the partition problem, we can construct
an instance of Problem P1 with g jobs such that w; =v;=a;
and o;=0 for jE11,2,....g}. Furthermore, let d, =i for
i€{1,2,...,9}, and B= A. Henceforth, we show that there
exists a solution to the partition problem if and only if there
exists a feasible schedule o with z,(0) = 4.

(=) Suppose that there exists a solution @ to the partition
problem with Zaj = A. Then, we can construct a schedule

EQ

o= (O;m,u) by letting 7 be the set of the jobs corresponding
to the integers in @ and O={1,2,...,g} \ 7, and u;=aq;

for jE€ 7. Then, we have

p;(u;) =1 for jE I



Thus, construct 7 by arbitrarily assigning jobs in 7 to the
first [7] intervals [d,_,.d;] for i€{1,2,...,| 71} . Then, since

Zﬂj = Zaj =4,

JET J€Q
o is a feasible schedule, and

21(5) = Evj = Zaj =A.

JET j€Q

(<) Suppose that there exists a feasible schedule o=
(0.7, 1) with z,(0) = A,
which implies that

div=Dia;= A )

jeT jeT

It is observed that by the GDD policy, the jobs in 7 are
assigned to the first |7 interval [d,_,d,] for each
i€{1,2,.../ 71}, which implies that

u; = a; for jEI. ©)
By (2) and (3), we have

diu; = A )

je1
Then, by the feasibility of o,

diu; < A %)

el

By (4) and (5), we have

du=A. (6)
By (2), (3) and (6),
Z%:A (7

Thus, let @ be the set of integers corresponding to the jobs
in 7. Then, by (7), Q becomes a solution to the partition
problem. W

Lemma 3: Problem P1 can be solved in pseudo-polynomial

time.
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Proof: We prove it by reducing Problem P1 to the restricted
shortest path problem (RSPP), which can be stated as follows.
Given a graph G'=(V,E) with a node set N={1,2,...n}
and an edge set E={(5,5) | iEN andjE N} , each edge
(j,j') in E has a length ¢, ; and a cost ¢, ;. The objective
is to find a path from nodes 1 to n whose total length is
minimized while the total cost is less than or equal to a given
budget B. It has been known from (Hassin, 1992) that the
RSPP can be solved in pseudo-polynomial time. Without loss

of generality, assume that

Wy < Wy <= w,,.

Suppose that |7'1=1in o". Let (7" (1),7 (2),...w (1)) be
the permutation such that
{AP AZ [ARS) AZ}:{AW*(I)v Aﬂ*(Q)v An‘(l)}

and
- [ON (8)

Let V(0,0) and NV(I+1, - ) be the source and the terminal
nodes, respectively. For 0 <4 < min{l,j}<j<mn, let
N(i,5) be the node representing that job j is the ith accepted

job. For i <1 and j < ', let N(i,5) be comected o M(i+1,5")
1
¥ Fori=l1,

j—1
with length >} o, —v; and cost wi(A )

g=j+1

let V(4,7) be connected to NV(I+1, - ) with length Z 0,

g=j+1

and cost 0. The objective is to find the path from N(0,0)
to M(n+1, - ) to minimize the total length while the total
cost is less than or equal to B. Note that this reduction can
be done in polynomial time. Note that i < j in each edge
(V(4,5),N(i+1,5")), which implies that by (8), the job with
the less workload is assigned to the smaller interval. Based
on Lemma 1, this guarantees that the path corresponding to
an optimal schedule for the case with [/'|=1 exists in the
constructed graph.

Then, we can obtain an optimal schedule by solving the
case with [/'|=1 for each 1{0,1,..,n} and choosing the
schedule with the smallest objective value. Thus, Lemma 3
holds. M

Theorem 1: Problem P1 is weakly NP-hard.
Proof: It holds immediately from Lemmas 2 and 3. H
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Lemma 4: If o<1, b0, v, =v, and o, =0, then
w, < Wy
Proof: Suppose that w, > w,. Then, we can construct a
new schedule o= (O;m,u) by letting
I=I'\{a}U{b} and O=J\ T;

w86, 0(67) forje TN {b)
(%“”‘u””‘{wgaxcg;»fmg—b ;

and

uj =

U forj=b.

u,  forje I\ {b}
i
Then, it is observed that z,(¢) =z, (o) and by w,/w, <1,

we have

Y, < S =B,

jer jer

which implies that o is a feasible schedule. By these observations,
Lemma 4 holds. Il

Theorem 2: Problem P1 is polynomially solvable if the benefit
and the rejection cost of each job are identical, that is, v; =v
and o;=o for j&J.

Proof: Without loss of generality, assume that w; < w;.,
and A; < A, for j=1,2,...,n—1. Then, based on Lemmas
1 and 4, we can construct the following algorithm to find
an optimal schedule for the case with v; =v and o; = o for
JEJ

Step 1: Set j=1, [ =I=@, O'=0=J, 1=7 =&
and 2z =0.
Step 2: Let /=1U{j}, O=O\{j}, m==(mj) and
1
u; =w,A; ", where (,5) is a sequence of the
jobs in 7 constructed by positioning job j after

the last job in .

*

Step 3: If u; > B, then retum (O, (u;) and STOP,

jef)
while otherwise let B =B—u,
Step 4: If Evj— Zoj < 2", then retum (0", (u’)

. y Jj jEI*)
Jer j€o
and STOP, while otherwise, let 7' =17 O = O,

* * * 3 .
=T, u; =g, 2 :EUJ-*ZO]- and j=j+1.
ier’ jeo

*

Step 5: If j=n-+1, then retum (0”5 ,(uj)jef) and STOP,

while otherwise, go to Step 2.

Note that this algorithm can be done in O(n). Thus, Theorem
2 holds. W

3.3 Problem P2

In this section, we show that Problem P2 is polynomially

solvable.

Theorem 3: Problem P2 is polynomially solvable.

Proof: We prove it by reducing Problem P2 to the shortest
path problem (SPP), which can be stated as follows. Given
a graph G=(V,E) with a node set N={1,2,...n} and an
edge set £={(j,j/) | iEN andj<N} , each edge (j,5')
in £ has a length ¢, ;. The objective is to find a path from
nodes 1 to n whose total length is minimized. It has been
known from (Ahuja et al., 1990) that the SPP can be solved
in polynomial time. Without loss of generality, assume that

Wy < Wy < =< w,,.

Suppose that [7'1=1in 0. Let 7 ' = (7" (1),7(2),.om (1))

be the permutation such that
{4145 A} ={A - (A - A}
and
<. < An‘(z)' (9)

Let M(0,0) and NM(I+1, - ) be the source and the terminal
nodes, respectively. For 0 <i < min{l,j}<j<mn, let
N(i,5) be the node representing that job j is the 4th accepted
job. For i <1 and 5 < j', let N(i,5) be comected to Mi+1,5")
with

i=1 1
length —v;+ Y} o, +w;(A k

g=jt1
For =1, let N(4,5) be connected to N(I+1, - ) with

#(Hl))

length ) o,. The objective is to find the path from (0,0)

g=j+1
to N(n+1, - ) to minimize the total length. Note that this

reduction can be done in polynomial time. Note that i < j
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in each edge (NV(i,j),N(i+1,5")), which implies that by (9),
the job with the less workload is assigned to the smaller interval.
Based on Lemma 1, this guarantees that the path corresponding
to an optimal schedule for the case with |7'| =1 exists in the
constructed graph.

Then, we can obtain an optimal schedule by solving the
case with [71=1 for each 1€{0,1,...,n} and choosing the
schedule with the smallest objective value. Thus, Theorem 3
holds. W

4. Concluding Remarks

We consider two just-in-time single-machine scheduling
problems with generalized due dates, convex resource
consumption functions and rejection. Some cost occurs if jobs
are rejected or the processing times of the accepted jobs is
reduced. The performance measure of the accepted jobs is the
total benefit of the just-in-time jobs. The first objective is to
maximize the total benefit minus the total rejection cost while
the total resource consumption cost is less than or equal to
a given budget. The second is to maximize the total benefit
minus the sum of the total rejection and the total resource
consumption costs. We prove the weak NP-hardness and
polynomiality of the first and the second problems, respectively.
Furthermore, we show that the first problems is polynomially
solvable if the benefit and the rejection cost of each job are
identical.

For future research, it would be interesting to first develop
good heuristics for the first problem, and consider the problem
to maximize the number of the just-in-time jobs while the
sum of the total resource consumption cost and the total rejection
cost should not exceed a given budget, or to maximize the
number of the just-in-time jobs while the total resource
consumption cost and the total rejection cost should not exceed

theirs own given budgets, respectively.
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1. Introduction

In recent years, the sales of organic food have shown a
significant growth due to a rising awareness of healthy foods
among the public. Although organic food was introduced rela-
tively late in China compared with Western countries, supportive
policies and economic strategies have made a significant ex-
pansion of organic foods.

In the past few years, there have been several obstacles
to the expansion of the organic goods market resulting from
the frequent occurrence of unethical practices in the certification
process including fraud and scandals (Manning & Kowalska,
2021; Thanujan et al., 2022). The supply chain management
(SCM) for organic foods requires the adoption of more cut-
ting-edge models and methods to solve challenging problems.
New information technologies for SCM have captured the interest
of both scholars and practitioners. To build transparent SCM,
decision-makers might incorporate the concept of blockchain
technology (Lekha et al., 2021). One example of blockchain
technology being applied in the Chinese organic food supply
chain is Hema Xiansheng, a Chinese retail company that provides
fresh organic food to customers through both online and offline
channels. Hema Xiansheng uses blockchain technology to trans-
parently manage every step of the process, from production
to distribution. A transparent supply chain performs a variety
of functions, including facilitating information exchange among
supply chain participants, boosting communication about food
quality, supporting product differentiation, and increasing the
efficiency of logistical operations and business processes
(Trienckens et al., 2012).

According to previous research, blockchain technology no-
tably enhances information transparency within the supply
chain and allows stakeholders in the supply chain to share
information each other (Treiblmaier & Garaus, 2023).
However, there is still an issue on the degree to which potential
users would accept emerging technologies. Studies in the liter-
ature are mostly concentrated on the technical aspect of
blockchain. Corporate blockchain adoption behavior is not
well studied in most research. Some particular industry traits
are not included in earlier multi-industry studies on this topic.
This study proposes the subsequent set of research questions
(RQs) to measure how willing the organic food supply chain

is to adopt blockchain technology:

2
N

RQ1: What are the key drivers that have led to the adoption
of blockchain technology in the organic food supply
chain?

RQ2: What are the crucial factors that will influence the
adoption of blockchain technology in the supply chain

for organic foods?

The level of user acceptance is a prerequisite for implementing
blockchain technology. The literature review on technology
adoption shows that researchers in the field not only rely on
IDT by Rogers (1995) and the TAM by Davis (1989), but
also consider numerous environmental factors. These factors
may compel companies to learn more about blockchain
technology. This can help companies overcome numerous un-
certainties by making innovations and reducing the perceived
barriers to adoption. The purpose of this study is to examine
the impact of environmental characteristics and innovation char-
acteristics on an organic food firms when applying blockchain
technology in the near future. The empirical results validate
the theoretical framework for researchers and offer practical
insights for practitioners who developing and implementing
blockchain technology.

2. Literature Review

The TAM is widely used to forecast and illuminate end-users’
behavior and system utilization. It is one of the fundamental
theories in view of its strong theoretical underpinnings. The
environmental characteristics and innovation characteristics are
suggested to support theory for investigating how motivational
drivers affect TAM constructs. A theoretical framework that
extends the TAM is proposed in this research.

2.1 Blockchain Technology

Financial services and cryptocurrencies like Bitcoin are two
of the most common uses of blockchain technology (Tapscott
& Tapscott, 2017). After initially used in Bitcoin, blockchain
technology is shown in cryptographic algorithms and peer-to-
peer networks. Although blockchain technology was originally
developed to underpin Bitcoin, it has now permeated different
areas such as logistics, food supply, and transportation (Koh
et al., 2020).
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The blockchain, according to Tapscott & Tapscott (2017),
is the most likely technology to alter business in the ensuing
ten years. The food business, in particular, values the advan-
tages that result from blockchain technology (Tsolakis et al.,
2021).

The blockchain is a tool that defends transparency but does
not actually offer it. Blockchain as a service is developing
to provide fundamental supporting infrastructure. The BaaS
integrates cloud computing, loT, and blockchain technologies
to enable businesses to develop tailor-made applications. It
ensures supply chain transparency and traceability (Song et
al., 2022). IBM and Microsoft appear to be at the forefront
in the offering of blockchain infrastructure services (Singh &
Michels, 2018). Since 2016, JD.com and IBM have collaborated
to deploy blockchain in the logistics industry (Joo & Han,
2021).

2.2 Blockchain Technology-Based Food SCM

The SCM is one of the areas that this innovative technology
can anticipate to generate significantly benefits. Christopher
(2016) claims that SCM is “the management of upstream and
downstream interactions between suppliers and customers in
order to offer higher customer value at less cost to the supply
chain as a whole”. Since blockchain can simplify complicated
interactions between network participants and resolve incon-
sistent data, the entire supply chain network would be im-
pacted by using blockchain technology, which would improve
operations efficiency (Queiroz & Wamba, 2019). By applying
blockchain technology, social sustainability might be im-
proved, and supply chain hazards could be reduced (Chaudhuri
et al., 2021).

Blockchain technology has the ability to lessen the “ripple
effect”. It defines how risks spread further along the food supply
chain and determines how network planning and structural design
criteria are made (Dolgui et al., 2018). The food companies
may employ blockchain technology to ensure food traceability
and connect participants in the distribution chain. It assures
that information cannot be changed without their permission
(Niknejad et al., 2021).

As the emphasis on food quality, safety, and freshness grows,
in particular organic food industry is coming under growing

pressure to meet these requirements. If their organic products
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are revealed not being organic, supply chain partners may face
serious consequences. The United States has advocated the
adoption of blockchain technology for tracking the organic
goods supply chain since 2020 (Van Hilten et al., 2020).

23 IDT

The IDT is a theory connected to technological innovation
research (Gillenson & Sherrell, 2002). The framework that ex-
plains how and at what rate a new technology spreads, and
elements that help users adopt the technology, known as “IDT”
(Holland, 1997). The traditional innovation diffusion theory
has evolved over more than 60 years to become a go-to theory
assisting in the puzzle-solving of any innovation, including
blockchain. Rogers (1995) defined diffusion as “the process
by which an innovation is disseminated through certain channels
over time among the members of a social system.” In general,
only 10-15% of people initially adopt new technology (Holland,
1997).

Rogers (1995) compiled a substantial corpus of articles on
IDT, highlighting the necessity to consider the perceived qualities
of innovations (i.e. trialability, observability, complexity, com-
patibility, and relative advantage). As suggested by Chong et
al. (2009), the trialability is a characteristic that has frequently
been left out of IT innovation research. When studying new
IT innovations, IDT-based models do not include observability
due to the same limitation within the enterprise (Agi & Jha,
2022; Chong et al., 2009). This research benefits from the
innovative attributes set in the IDT including relative advantage,
compatibility, and complexity, assist to explain the varying

acceptance rates of blockchain technology.

24 TAM

There is a fairly extensive body of researches on adoption
models. Various models have arisen during the past few years
including theory of planned behaviour (Ajzen, 1991), theory
of reason action (Fishbein et al., 1975), TAM (Davis, 1989),
and TAM 2 (Venkatesh et al., 2003). In information system
researches, the TAM has received a lot of attention, because
it offers trustworthy instruments with strong measuring qualities,
emphasizes system use, and is grounded on empirical research
despite of its minimalism (Pavlou, 2003).
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Davis (1989) created the TAM, which is mostly used to
represent and forecast users” adoption of information technology,
based on the rational behavior theory. He expected that the
use of this model can effectively predict users’ behavior toward
adopting an information system and identify key factors affecting
their willingness to use technology. The TAM contends that
both PEU and PU are two outside factors that affect how people
actually use internet technologies (Pavlou, 2003). Some recent
studies have effectively used the TAM to examine how block-
chain-related technologies are accepted and deployed. Under
the TAM, Nuryyev et al., (2020) studied the determinants of
medium-sized tourist and hospitality firms’ use of cryptocurrency

payment.

2.5 Extending IDT and TAM

A single model can neither adequately capture user behavior
towards technology in all situations nor reflect adoption behavior.
While investigating how new technologies are adopted, the
IDT and TAM complement one another in several ways (Lee
et al., 2011). According to earlier researches, these two theories
might be integrated to provide a model that is more accurate
than using each of them independently (Wu & Wang, 2005).
However, it is crucial to broaden these models to employ addi-
tional important elements when using them to examine the
adoption of blockchain technology.

As stated by Oliveira & Martins (2011), Although the IDT
emphasizes the innovation’s characteristics, it is well acknowl-
edged that a variety of external contextual factors have an
impact on how organizations choose to use information
technology. Klaas et al. (2010) suggest that organizational size
can be measured through factors such as human capital and
enterprise scale. Meanwhile, lacovou et al. (1995) demonstrate
that Organizations’ adoption of new technologies may be influ-
enced by various factors, such as their partners, regulations,
and competition. Therefore, it is crucial to examine con-
text-specific factors in the firm-level adoption of technology.
This approach will aid in developing a more thorough under-
standing of the elements that affect how companies adopt new
technology. The determinants of enterprises’ adoption of block-
chain technology in the organic food supply chain can be divided
into five contributing factors, innovation and environmental

characteristics.

2
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3. Theoretical Model and Research
Hypotheses

This research aims to investigate the inclination towards
adopting blockchain technology for managing organic food sup-
ply chains by extending the IDT and TAM. To determine the
PEU, PU, and BIU, five factors (external pressure, organizational
size, relative advantage, complexity, and compatibility) are
investigated. Based on the literature review on the research
framework and related concepts, the research hypotheses about

the relationship between the constructs are proposed.

3.1 External Pressure

Kwon et al. (2021) stated that organizations function within
a social system comprised of various units that serve distinct
objectives, such as clients, vendors, rivals, and other parties.
This highlights the interconnectedness and interdependence of
different components within the business environment.
Therefore, in a business setting, external pressure from these
different units may have a social impact and prompt the commer-
cial use of the new technology.

Numerous researchers have investigated the impact of external
pressure on the making innovation. For instance, Zhu et al.
(2003) claimed that external pressure on firms to accept in-
novations might come from customer preparedness and com-
petitors’ adoption of those innovations. External pressure affects
decision-makers’ willingness to adopt innovation (Kwon et al.,

2021). Consequently, the following hypotheses are developed:

H1-1: External pressure positively influences the PU of block-
chain technology.

H1-2: External pressure positively influences the PEU of
blockchain technology.

H1-3: External Pressure positively influences the BIU of

blockchain technology.

3.2 Organization Size

The examination of organizational size as a structural variable
in organizations has been extensively studied and analyzed

various aspects such as innovation, R&D expenditures, and
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market power (Mabert et al., 2003). In comparison with smaller
firms, larger organizations have a higher success rate when
deploying new technology. This is attributed to the fact that
larger organizations typically have more employees, larger capi-
tal, and higher profit margins. However, small and medium-sized
enterprises (SMEs) face limitation of their ability to invest
in technology due to resource constraints and weak innovation
capabilities (Bracci et al., 2022).

DeLone (1981) emphasized the importance of organizational
factors for the successful implementation of innovation.
Therefore, larger organizations are expected to have a higher
PU and PEU of the technology, and a stronger BIU to adopt
it compared with smaller ones. The following hypotheses are

developed:

H2-1: Organizational size positively influences the PU of
blockchain technology.

H2-2: Organizational size positively influences the PEU of
blockchain technology.

H2-3: Organizational size positively influences the BIU of

blockchain technology.

3.3 Relative Advantage

According to Rogers (1995), the idea of relative advantage
refers to the degree to which an innovation outperforms its
predecessor in terms of economic value and impact. Blockchain
is a disruptive technology that can create numerous opportunities,
particularly in improving transparency (Rajnak & Puschmann,
2021). It is widely used in supply chains to generate and dissem-
inate unique records and data among partners, with the goal
of enhancing information openness and accessibility (Agi &
Jha, 2022).

A relative advantage is also discovered to be a predicator
of technological adoption (Brandon-Jones & Kauppi, 2018).
The following hypotheses are postulated:

H3-1: Relative advantage positively influences the PU of
blockchain technology.

H3-2: Relative advantage positively influences. the PEU of
blockchain technology.

H3-3: Relative advantage positively influences the BIU of
blockchain technology.

4 ANE A
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3.4 Compatibility

To effectively optimize the supply chain and ensure trans-
parency, it is imperative for all participants to work collabo-
ratively and share data. This involves developing common proc-
ess standards, defining supply chain goals, and establishing
norms for information disclosure (Mendling et al., 2018). The
use of blockchain technology to preserve detailed data accessi-
bility and keep internal traceability might necessitate changing
internal operational processes (Agi & Jha, 2022).

To determine attitudes toward using a system and BIU, the
concept of compatibility has frequently been employed when
studying on information systems adoption (Venkatesh et al.,
2003). A higher compatibility of blockchain technology is ex-
pected to lead to higher PU and PEU of the technology and
a stronger BIU to adopt it. The following hypotheses are devel-
oped:

H4-1: Compatibility positively influences the PU of block-
chain technology.

H4-2: Compatibility positively influences the PEU of block-
chain technology.

H4-3: Compatibility positively influences the BIU of block-
chain technology.

3.5. Complexity

The complexity is the measure of an innovation’s perceived
level of difficulty for users (Rogers, 1995). Evidently, blockchain
is a revolutionary and challenging technology (Agi & Jha, 2022).
Before using new inventions and disruptive technologies, it
is crucial to understand possible difficulties and complexity
in order to reduce risks and prevent failures from bringing
negative technical, social, and political effects (Janssen et al.,
2020).

The adoption of new technology may be hampered by its
complexity. A higher level of complexity of blockchain technol-
ogy is expected to lead to lower PU and PEU of the technology,
and a weaker BIU to adopt it. The following hypothesis is
postulated:

H5-1: Complexity negatively influences the PU of blockchain
technology.
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H5-2: Complexity negatively influences the PEU of block-
chain technology.
H5-3: Complexity negatively influences the BIU of block-

chain technology.

3.6 PU

The word PU relates to how much a decision-maker believes
an innovation, technology, or system would help them execute
their jobs better (Davis, 1989). Policymakers adopt innovations
when they believe they work (Kwon et al., 2021; Singh &
Michels, 2018). In other words, if the user believes that a
system can help him complete the task successfully, he will
have a favorable impression of the system.

When more participants in the chain of organic food suppliers
recognize the value of blockchain technology for boosting in-
formation transparency, there would be a stronger BIU and
a more favorable attitude towards using blockchain technology.
That is, a higher level of PU of blockchain technology is expected
to lead to a stronger BIU to adopt it. The following hypothesis

is postulated:

H6-1: PU positively influences the BIU of blockchain
technology.

3.7 PEU

The technology acceptance model identifies PEU as a another
cognitive driver that influences technology adoption. PEU refers

to the users’ perception of the ease and simplicity of using

technology (Davis, 1989). Therefore, the PEU represents the
degree to which users believe that they can easily and effectively
use the technology without significant effort or difficulty. In
the model of this research, PEU refers to the users’ perception
of the ease of adopting blockchain technology.

According to Davis (1989), the PEU of information technology
significantly influences the PU of the technology. Gefen &
Straub (2020) conducted a comprehensive study on the relation-
ship between PEU and PU and confirmed that PEU is a key
factor that drives PU in most cases. When users have a high
perception of ease of use for blockchain technology, they have
a higher likelihood of wishing to employ blockchain technology.
The following hypothesis is developed:

H7-1: PEU positively influences the PU of blockchain
technology.

The research model is shown in <Fig. 1>.

4. Materials and Methods

4.1 Data Collection

Between February 2023 and April 2023, data from 375 manag-
ers of organic food businesses in China were collected. The
this

(http://www.sojump.com) paid sample service. The survey data

survey in study was supported by Sojump
were collected via web-based and mail-in questionnaires. The
questionnaire items included measures of environmental charac-

teristics, innovation characteristics, as well as issues relating
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to PU, PEU, and BIU. In addition, participants were requested
to provide general information regarding their company’s specif-
ic context.

The survey had 167 responses in total, which translates to
a response rate of 45%. After screening for completeness, 11
questionnaires were deemed unsuitable, resulting in 156 valid
questionnaires collected from Chinese organic food enterprises.
Of the total number of participants, the distribution of job
positions was as follows: 61 owners or CEOs 39.1%, 78 directors
or managers 50%, and 17 other positions 10.9%. Participants’
level of awareness of blockchain technology was as follows:
23 much aware 14.7%, 90 somewhat aware 57.7 %, and 43
less aware 27.6%. The industry sector breakdown of the partic-
ipants was as follows: 36 organic farming 23.1%, 59 organic
food processing 37.8%, 57 organic food retail/wholesale 36.5
%, and 4 other sectors 2.6 %. In terms of years in operation,
46 operated for 5 years or less 29.5%, 102 operated for 6-10

years 65.4%, while 8 operated for 11 years or more 5.1%.

4.2 Measures

Each participant marked a S-point Likert-type scale to rate
his/her level of agreement or disagreement with each measure-
ment item. These scales have been validated in numerous studies
conducted in various countries.

External pressure was scored using four items revised from
Kwon et al. (2021). Organization size scored using four items
modified from Looi (2003) and Mabert et al. (2003). Four
items amended from Karahanna et al. (1999) and Moore &

Moore & Benbasat (1991) were used to measure relative

Table 1. Confirmatory Factor Analysis Results
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advantage. The compatibility was scored using four items.
Complexity was scored using four items adapted from Venkatesh
et al. (2003). Four items adopted from Davis (1989) and
Venkatesh et al. (2003) were used to measure PEU as was
PU. Lastly, BIU was scored using four items revised from
Davis (1989).

5. Research Results

This study employed SEM as the analytical tool to validate
the study objectives and test research hypotheses. As indicated
by Chen and Huang (2013), SEM can effectively test both
causal relationships and measurement models, particularly when
multiple items are incorporated into each construct. Before
evaluating the conceptual model, the validity and reliability
of measurements were checked.

5.1 Measurement Model Results

To ensure an acceptable model fit, items with low (less
than 0.5) factor loading values were excluded from the initial
items. The results of the confirmatory factor analysis were
shown in <Table 1>. The fit of the final measurement model
was evaluated by using several model fit indices. The Cronbach’s
alpha values (greater than 0.7) of variables confirmed the internal
consistency of items (Nunnally, 1978). The composite reliability
(CR) ratings were greater than the reference criterion of 0.7.
The AVE values were greater than the recommended threshold
of 0.5. They demonstrated the validity and dependability of

the measurement model.

Variable / Item

Factor Cronbach’s
Loading £ 3 Alpha

External pressure

0.875 0.637 0.875

Our stakeholders expect us to adopt blockchain technology. 0.857
Our competitors have embraced blockchain technology. 0.811
Our organizations that lead in our industry have adopted blockchain technology. 0.775
Our failure to adopt blockchain technology could result in the loss of customers to competitors 0745

who have embraced it.

Organization size

0.842 0.641 0.829

Our organization’s size has a significant impact on investment in blockchain technology. 0.885
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Table 1. Confirmatory Factor Analysis Results(Continued)

Variable / tem Lzz"(;‘;; R | AE C"X}Ez‘a:h’s
Our organization’s size limits the scope of blockchain technology solutions. 0.751
Our organization’s size influences the level of risk we are willing to accept for blockchain technology 0.750
adoption.
Relative advantage 0.814 0.593 0.808
The blockchain technology has a significant advantage over traditional systems. 0.763
The blockchain technology will provide a better solution for my work processes than current 0819
systems.
The blockchain technology can provide my organization with a competitive advantage. 0.726
Compatibility 0.898 0.692 0.894
The blockchain technology is compatible with my organization’s current systems and processes.| 0.804
The blockchain technology can be easily integrated into my current workflow. 0.654
The blockchain technology aligns with my organization’s goals and values. 0.923
The blockchain technology is a suitable fit for my organization’s needs. 0.918
Complexity 0.858 0.604 0.849
The complexity of blockchain technology leaves me feeling overwhelmed and unsure of where 0.862
to start.
The technical aspect of blockchain makes it tough for me to comprehend. 0.711
The amount of time required to learn and understand blockchain technology is excessive for 0752
me.
The use of blockchain technology involves too much time spent on mechanical operations. | 0.775
PEU 0.849 0.654 0.833
I find the blockchain technology easy to use. 0.913
I find the blockchain technology accessible and convenient to use. 0.76
I would not experience difficulty in understanding how to use the blockchain technology. 0.742
PU 0.885 0.66 0.877
I believe that using the blockchain technology would improve the company’s operational efficiency.| 0.921
I believe that using the blockchain technology would enhance the transparency and security 0757
of the company’s supply chain operations.
I believe that using blockchain technology would enhance the accuracy of data tracking and 078
management.
I believe that using blockchain technology would increase the trust of stakeholders in the company.| 0.782
BIU 0.843 0.642 0.842
My organization intends to adopt the blockchain technology to improve our work processes 0.834
within the next 1 year.
My organization intends to invest in blockchain technology within the next 1 year. 0.827
My organization believes that should start using the blockchain technology as soon as possible.| 0.739

‘Fit: XJdf = 1477, CFI = 0.941, TLI = 0931, SRMR = 0.061, and RMSEA = .055.

Both convergent and discriminant validity were evaluated
in order achieve the validity of the research model, The AVE
values of each factor are greater than the recommended threshold
of 0.5 for the convergent validity (Hair et al., 2006). Information
about AVE were presented in <Table 2>. The off-diagonal

elements in the table indicate correlations between the constructs.
There are strong correlations between all the constructs. The
coefficients of correlation between each construct and the other
constructs were less than the square root of the AVE of the
construct. This shows the discriminant validity.
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Table 2. Discriminant Validity and Square Root of the AVE

Variable Mean SD. 1 2 3 4 O 6 7 8
External pressure 3.612 0.949 0.798
Organization size | 3.697 | 0.941 3097 | 0.801
Relative advantage | 3.588 | 0.957 218" 2047 | 0.770
Compatibility 3510 | 1.033 216" 245" 195" 0.832
Complexity 3516 | 0914 23477 2767 | -283T | 23357 | 0T
PEU 3.684 | 0916 4517 304" " 3877 | -4177 | 0.809
PU 3.569 | 0.959 484" 4127 " 4557 | 528" 6357 | 0.812
BIU 3427 | 1.040 488" 5107 " 417 w5317 5417 6937 | 0.801

Note: Bold numbers along the diagonal indicate the square root.

5.2 Structural Model Results

In the subsequent phase, the SEM was employed to evaluate
the research hypotheses. The measurement model exhibited
an acceptable level of goodness-of-fit (refer <Table 3>). The
path coefficients of the proposed research model are depicted
in <Fig. 2>.

The findings of this study suggest that the PU of the technol-
ogy was positively influenced by four exogenous factors,
including external pressure, relative advantage, compatibility,
and complexity. These results show hypotheses H1-1, H3-1,
H4-1, and HS5-1 were supported. However, the analysis result
shows no influence of organization size on PU (hypothesis
H2-1 was not supported).

The PEU was positively affected by three exogenous factors,

| External pressure

including external pressure, compatibility, and complexity.
Therefore, hypotheses H1-2, H4-2, and H5-2 were supported.
However, the analysis results show non-significant effect of
organization size and relative advantage on PEU (hypotheses
H2-2 and H3-2 were not supported).

The BIU was positively affected by five exogenous fac-
tors, including external pressure, organization size, relative
advantage, compatibility, and complexity. These results
show hypotheses H1-3, H2-3, H3-3, H4-3, and H5-3 were
supported.

Furthermore, the analysis results showed that PU sig-
nificantly impacted on BIU. That means hypothesis H6-1
was supported. Also, PEU positively impacted on PU. It
was shown that hypothesis H7-1 was supported. Hypotheses

test results were presented in <Table 3>.

PU

0.217**

J27**

BIU

0.153*

0.381%**

PEU

Fig. 2 Research Model Path Test
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Table 3. Test Results of Hypotheses

2
N
Az

Hypothesis / Path Standardized coefficient T value Result
H1-1: External pressure — PU 0.165" 2.236 Supported
H2-1: Organization size — PU 0.073 1.064 Not Supported
H3-1: Relative advantage — PU 0265 3.748 Supported
H4-1: Compatibility — PU 0.172" 2.604 Supported
H5-1: Complexity — PU -0.147" -2.053 Supported
H1-2: External pressure — PEU 0327 3.633 Supported
H2-2: Organization size — PEU 0.088 0.998 Not Supported
H3-2: Relative advantage — PEU 0.041 0.47 Not Supported
H4-2: Compatibility — PEU 0.228" 2.768 Supported
H5-2: Complexity — PEU -0.204" -2.254 Supported
H1-3: External pressure — BIU 0.175" 2.361 Supported
H2-3: Organization size — BIU 0.210" 3.052 Supported
H3-3: Relative advantage — BIU 0217" 2.875 Supported
H4-3: Compatibility — BIU 0.153" 2.268 Supported
H5-3: Complexity — BIU -0.158" -2.188 Supported
H6-1: PU — BIU 0.327" 3.268 Supported
H7-1: PEU — PU 0381 4,684 Supported

Fit: x'/df = 1478, CFI = 0.941, TLI = 0931, SRMR = 0.062, and RMSEA = 0.056.

Note: p < 0.05, "p < 0.01, "p < 0.00L.

6. Discussion and Conclusions

This study presented a framework that extends the existing
models of IDT and TAM. The framework examines how
the environmental characteristics and the innovation character-
istics indirectly influence the organic food firms’ perception
of the blockchain technology’s PU and PEU. However, they
directly affect their BIU in the near future.

First, external pressure, relative advantage, and compati-
bility positively influence the PU of blockchain technology
in organic food enterprises. However, the complexity has
a negative impact on the PU. Organization size, however,
has no significant effect on PU. In a competitive market,
external pressure may pursue the prompt adoption of tech-
nologies that offer cost-effectiveness and efficiency.
Interestingly, this study found that organization size does
not have a significant effect on PU. This is because the chal-
lenges faced by organic food enterprises are ensuring food
safety and quality, tracking product production process, and
keeping stable distribution process, regardless of enterprise
size by applying blockchain technology,

Second, the analysis results suggest that external pressures
and compatibility positively impact on the PEU of blockchain
technology for organic food enterprises, while complexity

has a negative impact on the PEU. Organizational size and
relative advantages of blockchain have not significant effect
on PEU. A seamless integration of blockchain with existing
systems and applications would improve its ease of use.
However, the complexity of the technology may increase
costs and risks but reduce its ease of use. Enterprises need
to possess the necessary technical skills and knowledge, but
size is not a limiting factor in the use of blockchain technology.

Thirdly, when considering adopting blockchain technology,
companies need to consider the impact of multiple factors
and weigh the pros and cons. Blockchain technology is known
to have a certain technical threshold. Since its implementation
is relatively complex, it may hinder the realization of BIU.
In order to overcome these challenges, companies can take
measures such as improving the technical literacy and applica-
tion capabilities of their employees.

Finally, as originally proposed by Davis (1989), there is
a close relationship between PEU and PU, which are considered
the important determinants of BIU. Therefore, it is crucial
for companies not only to perceive the usefulness and ease
of use of blockchain technology but also to have a positive
attitude towards its adoption. Ultimately, a greater compre-
hension of the variables affecting BIU can help the organic
food sector applying blockchain technology more successfully.
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7. Limitations and Further Research

Considering the analysis results, there are limitations and
further research section.

First, future research may include a more representative
sample of organic food enterprises in China and expand the
sample size to boost external validity as the study’s sample
size and selection may limit the generalization of the findings.

Second, the study used self-reported data. Future research
may complement the self-reported data with objective measures

of blockchain adoption to improve validity and reliability.
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Data Scrapping

Abstract Tokenizing

Document / Word Vectorization

Clustering & Topic Modeling

Interpretation & Implication

Fig. 2 Research Process

Table 3. Data Collection Overview

Discipline Contents
Source Springer Link, Science Direct
Keywords “Blockchain”, “Supply Chain”
Published year 2012 - 2020
Language English only

Contents Type | Journal article, Conference proceedings

Journal name, Authors, published year,

Extracted Contents . .
Article title and Abstract

{"title”:"Analysis of Blockchain :ec*'olrg
{"title":"A Blockchain Research Framew
{"title”:"On legal contracts, imperative
{"title": ™,
{"ticlem:™
{"tictle":"Overview of
{"title":"A Blockchain-Based Appz oac“ Tc waz ds c:ev~c|u-; Fi
{"title":"Exploring blockchain technology and its pot i
{"title":"Blockchain application and outlook in the b
{"title":"CoC: A Unified Distributed Ledger Based
{"title”:"Trading Real-World Assets on Blockchain","a
{"title": "Privacy-preserving blockch
{"title":"Anwendung der Blockchain aul
{"title":"Two Technical Images: Blockchain and Higl
{"title":"Fraud detections for online businesses: a perspec
{"title":"A tale of two civilization
{'t;r..Lz":"-le:.‘Lr. ncare

pros, cons anc

era of Faceboc

{"title”:"Resilience a complex world - omuq cross-se
{"title":"A model for understanding the o rs of magnitude
{"title":"Integraci: y for ¢
{"title":"Recent experiences of copper
{"title":"Understanding ‘smart cities’:
{"title":"A conical-helix model of technology t.
{"title":"The Global Brain as a model
{"title":"Evaluative infrastructures: A
{"title":"When risks cannot be seen:

{"title":"A qualitative case s
{"title":"Identifying potentially
{"title":"Evolving process views"
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59 254 T4 o] 7k 7t
Z W8] SAske ©@of 7heH 2071E RIEEo R U
g3 o, <(Table 4> At}

‘paper’, ‘research’ ¥ ‘model’ & SFAI2F FH3HA|
Yukz o 7 o= thol 9 ‘?l—- | =21 ‘technology’,
‘system’ 2 ‘digital’ 5 A H A 71&7 BER o] GA|
HE7t 52 2102 Yepgth T3 EEAQ] 7|<o|
& 2ol kEstE Bitcoin” GA 9ol SA8HE Ae
1% 4= 9t} o, ‘business’, ‘development’, “financial
g ‘energy’ 59 ©@ol= EEA 7|&o] HEE o2
ZIHE s BoERE 45T ol Utk Ed T g s
S Fig. Do Y& g9z T

1” rlr
o A
i)
|



b

84

Table 4. Frequent Keywords

# Keyword Freq | # Keyword Freq
1 technology 192 11 | technologies 115
2 data* 184 12 systems 112
3 new 173 13 chapter 109
4 blockchain* 157 14 such 107
5 based 140 15 information 93
6 system 137 16 | development* 89
7 Bitcoin 129 17 financial* 84
8 digital 124 18 research 83
9 business* 123 19 energy* 81
10 paper 119 20 model 81
digital (13 = business
sy stem I
" b|DC|<ChEiIFI
technologies
Fig. 4 Word-Cloud
a2 %, Wl =(frequency)ell 718k 7191 & 22 o
WFEQl WojEo] ) EFEo] AFFA MY AT
128 Fasitd ATl o), §20iys a0y

E43E Ariun,

kil v‘i“ok(mamstream)i
PR ATEY 158 A
AT wo ]E(emergmg stream)i TEHH<Fig. 5).
<Table 5>+ main streamol| 3|35 dRE
gk Aol g Bde AE-S B, ‘Mining Ether’,
‘RFID reader protocol’, ‘Smart contracts’, ‘Blockchain
based Storage System’, ‘Threat Landscape for the
Internet-of-Things’, “Trust issues in Code’ 52| Al &<
Zghstar glom, RFD gt} 22H9¢-E 782 SCM
7ol 2-g3t7] 913k 7)<, Internet-of -Things<} &
3| Al st=glo] Bl EEAR V&S AFEg AARA OF

o

= d 5

o

o FAE TR YE AL FAT 5 AU F, TA
Hel 7%, BOEA 5o AAH 7% o) 2HL
ul—z ][;}

10 Hlaf <Table 6>+ 41

st AFAES AdH S A Fﬁ& Z1 0 2 ‘M-payment
and economic issues’, ‘Blockchain in government’,
‘education’, “Trading’, ‘Business Process monitoring” 5-©]
SR HE FA3 mupd A A o] A A o4,
EEAQ AR Ffret AR oS, E5AI% Ve &
ool A A87tsd T WeS thETh AAA

T~ HoHemerging)oll 31g

W&, A, 4G Hopel &8 P BASE AT
224 B Bohw Saste A4S Holw T
Table 5. Literature in Mainstream Cluster

Article Title Journal

An automatic RFID reader-to-reader
delegation protocol for SCM in cloud
computing environment

The Journal of
Supercomputing

Surveying the Hardware Trojan Threat
Landscape
for the Internet-of-Things

Journal of Hardware and
Systems Security

Mining Ether Introducing Ethereum and

Solidity
Smart Contracts - Blockchains in the| Digital Marketplaces
Wings Unleashed

New Advances in the
Internet of Things

A Blockchain-Based Storage System for
Data Analytics in the Internet of Things

Table 6. Literature in Emerging Stream Cluster

Article Title Journal
Economic Issues on M-Payments and Bitcoin and Mobile
Bitcoin Payments

Blockchain in government: Benefits and
implications of distributed ledger
technology for information sharing

Quantitative Analysis of the Full Bitcoin

Transaction Graph

Government Information
Quarterly

Financial Cryptography and
Data Security

Exploring blockchain technology and its
potential applications for education
Trading Real-World Assets on
Blockchain

Smart Learning
Environments

Business & Information
Systems Engineering

50 & Pythono & A543 $Hsklearn.feature_
extraction.text) #7] x|l A Tf-IdfVectorizer& AH-&3}
of KMeans& %3l +3-& F=sH3ith 1 A3 5749
THE T 7 AU w3 FHE AT 7
o 5= 7Y=L Ay oz FAZ ATFAS

zgete] F8 FAE FIAH<Table 7).
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Table 7. Derivation of Topics Through Clustering
Discipline Keyword Description
Cluster 0 ethereum, scf, data, bitcoin, big, smart, further, finally, von, blockchain,| ® Smart FinTech Transaction Process and Security
first, process, fintech, due, ict, china, describe, new, technology, security | Technology Using ICT and Blockchain (China related)
iot, internet, things, web, smart, blockchain, besides, daos, mrc, | ® Global Internet web multimedia transactions using
Cluster 1 multimedia, world, global, ethereum, first, case, scholars, jarvsis, hmn,| blockchain technology (NFT, etc.)
hmns, automated e Use of blockchain to accept IoT technology
ind lution, et ity, industrial, cctv, added . . -
industry, revolution, s, pmcqrement, s;curlty, theustrial, ee, a0 o procurement and crowdfunding systems using artificial
Cluster 2 prototype, connected, production, solutions, therefore, crowdsourcing,| . .
. . e e b e intelligence
olli, chap, internet, digitalization, artificial, intelligence
blockchain, bitcoin, pos, specifically, special, practical, internet, how,| ® Global supply chain management changes due to the
Cluster 3 china, fintech, therefore, fadada, walmart, microsoft, ibm, european,| application of retail trading POS data and fintech
chain, supply, ict, types technology
bitcoin, eth digital t b ts, brand . L .
e 4 | | *Copy (.G, L) T
PP, » PP, €, £O%, T n, ’| Channels and Regulations Using Blockchain Technology
contract, regulatory
A WA =2 23 09 ‘bockehain, Smart, Process,  ‘AFAE BEE AT YT PAED A2
ICT’, ‘Technology’, ‘security’ & ‘China’ 2] 7] =& u}lg of B9 A FAE =EIY. TF 3AME

o7 ICTY EE249S 283 Az NF 43
9 o) WE A 2AS] B 71E S §3Fn) g

‘Walmart’, ‘IBM’, ‘Microsoft’ 52 &4 714833}
‘POS(point of sales)’, ‘fintech’, ‘practical’ 52| Tl &

3, 73 1oA ‘multimedia’, ‘global’ 2] 311 ‘blockchain’
71958 23, E5A1? 7S €83 NFT 59
stolH 2 HEIn|t o] 22 39 EYL {52
™, 10T’ ¢} ‘things'®] 7|91 = & HIEC= oT A&
G4stol| H ATFHEFE F5FE F AT +F 29
739~ ‘procurement’, ‘production’, ‘prototype’ L& il
‘crowdfunding’, ‘artificial’, ‘intelligence’e] TS 53] A

Hero 2 ‘A A Al POS o9} HE =z V&=
g FFAE W3 Fol'e A EREE AE
T ALY A Hgo = FH 49 FAS= ‘bitcoin’,
‘Ethereum’, ‘Litecoin’2] A 7}
‘channels’, ‘regulatory’ 5 @] & 53
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