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_(;t}"l ;?:gra:mg stis.;tem complexity in building dI::é;S
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] n int
goncepttfl.al framework using three theories: de s?i;a‘rlive
mrzi, ncon 1g1uap1on'theory and task-technology fit Tlfe-:
main ajlsumphon is, before we can capture a pr(;ce
re~ene§net; infc(l;rls)tir%d it (design), further in order :cs;
) , we need to adapt 1 i
re ) pt it to chan,
buqslil:lreements (configure) and continually adjust ITg;gg
o Thss processes interdependence (task-technolo
it h e proposed framework is based on our re carch
w1§r 11111 the project BIMd.sign. search
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:i]:;;:lpp our research framework based on fhzri:ge
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use case, followed in cha i i
use case, 1o pter 4 by the discussion and

2 CONCEPTUAL ANALYSIS FRAMEWORK
The implementation of digital technologies and
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asing system complexity through digitalization
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Table 1. Integration of 3 theories.
s

Theory Main idea

2.1 Design

The design chapter focuses on the _workﬂow analysis
using design theory. First the design theory is pre-

[

Point of our

[ — ___a_rflﬁis_.—-—-_ sented, followed by the application of theory for the
: i analysis of the design workflow in the AEC industry,
Design Prescriptives for Design workflow
design and action
i i lignment of Process .

Contigaration grlfcme, modeling 2.1.1  Design theory . . o
process, Information The paradigm of design science 18 ro0te mﬁ_“&ﬁa
environment processing ) neering, architecture and the sciences Qf the a.l’tlf‘li‘.l{!

Task- Fit between IT BIM, Blockehain, (Simon 1996), and has fogngi its way into the 1nflt.) -

technology EDEIPISTES Dégps, data mation Systems (IS) discipline (Walls et al. 19

e processes emhafngiﬁc-ty Essentially, it is a problem-sczllvpng p;ramgm

i e ing 1 tions that define 1deas, prac
data formats ing “to create mnovatk

technical capabilities, and products through which
analysis, design, implementation, management
use of information systems can be effectively
efficiently accomplished” (Hevner et al. 2004 D.

The IS discipline exploresAthe use of 1nf0m;
technology-related artifacts in human-machme
tems (Gregor & Hevner 201_3) in the complex
of people, process, organization and technolo;
action. The five classes of theory (elevant i
(Gregor 2006): (1) theory for angly;mg, (2) the
explaining, (3) theory for predicting, (4)
explaining and predicting, and 5) thgory fo
PROCESS and action. The focus of theory for designa

T on explicit prescriptions how to design and de

-

ORGANIZATION

AN
&
o’
S PRACTICE

artifact, whether it is a process, technologi !
or a managerial intervention (Gregor & Joi
imon 1996).

Sm]l)Oesign tl)leory is considered to ‘?e p
knowledge as opposed to descriptive

(Walls et al. 1992) which encompasses the
of theory in the taxonomy of Gregor (2

theory applies in a certain design conte
the nature of the system, 1its size, the
the type of technology, the type of users :
(Walls et al. 1992, 2004). D651gn4theor.\
purpose is also dependent on environ
ments such as capabilities and cond

DESIGN

A
G,
46( THEORY
3

CONFIGURATION

Figure 1. Conceptual framework.

supports the coordination and collaboration of peo-
ple that implement a process (Georgakopoulos et al.
1995)-

De)sign is both a product and a process and thus
design theory must include both aspects (Walls et al.
1992), meaning i.e. the design workflow and the build-
ing model itself. The design process is a sequence of
expert activities that produce an innovative product
(ie. the design artifact or building model) (Hevner et
i;_l. 2004) in the course of designing, planning an action
in advance or during the action, including reflection
in action (Aken 2004). The evaluation of the arti-
fact (process, building model) then provides feedback
information and a better understanding of the problem
i order to improve both the quality of the product and

design. This build-and-evaluate loop is typically
rated a number of tivkes Before the final design arti-
generated (Hevner et al. 2004), meaning rework
iteration is an essential part of the design phase.
or the purpose of our research, we define design
ow as the flow of information, deliverables,
ifications, and other design resources between the
Jct stakeholders (Hattab & Hamzeh 2016), which
luded in numerous processes in the building
w1 phase (e.g. information process, data man-
ent process, BIM workflow). Tn practice, these
ses are not linear or rigid, but rather dynamic
ry complex. Hence, workflow is more than a
jue to model a process. It is a method to analyze
mprove a process, including its modeling.

i v
Lanjiguration

ration theory is used to introduce organiza-
liarities of building construction workflows
- other artifacts relevant for the design
si. the configuration theory is presented; it
by the resulting process modeling concept
i for the building design phase.

Wfiguration theory

Ation refers to any form of organization that

the principles of form and function 88 &
(Spagnoletti et al. 2015).
Hence design research needs to a
type problems” in planning (Kunz ¢
Rittel & Webber 1973) characterize
ble requirements and constraints .
defined environmental contexts. (2) ol
tions among subcomponents of th ]_
solution, (3) inherent flexibility to it
cesses as well as design z‘ir‘nfacts.,.
dence upon human cognitive abl‘ljlz
to produce effective solptmns? an
dence upon human soc.lal abilities
produce effective solutions.

necessitate an integration qf multiple theorencgl
paradigms, with different points of anglys1s. In t]rl\lllls
paper, we focus on process modeling of BIM-
workflows in the design phase and propose a concep-
tual framework for the analysis of a design process
based on BC and DApps grounded in three theopes.
This novel combination of the underlying t_heopes -
design, configuration and task-technology fit — is the
basis for our framework (Table 1). .
Our conceptual framewor1_< connects theqr}{ an
practice (see Figure 1). The point of our analysis 1sd- in
order to capture processes it is necessary: (1) to under-
stand how they are designed in the cqmplex (_10n?a12n
of people, organization angi technology 1nteract10n:r( ' )
how they need to be configured for BIM and DLT in
human-machine systems; and further (3) how to con-
tinnously re-adjust the fit or interdependence between
IT and organizational structure.

2.1.2  Design workflow =
Under the term WO.I’kﬂ.OW, C;U
ness process, specification ol @ pi

implements and automates a provEey
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tand highly integrated and where all pieces
er...there is internal consistency, syn-
cesses, fit with the external context.”
191 p.54). This configuration (“gestalt’,
"ger}eric type’) (Miller 1986) or observ-
HEHistics or behaviors which appear to lead
rfqrmance outcome, success or faiture
1996), of an organization, are interre-
ment or fit of multiple variables and
ements such as alignment of strategy,
€s, is reflected in observable pat-
(Flynnetal. 201 0). This means that the
-ure of an organization and its busi-
Id match or fit characteristics of
h inside and outside the organiza-
“iman & Nadler 1978) or in the case
of project-based organization.
Tushman & Nadler (1978 p.634),

1€ information processing systems
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facing external and internal sources of uncertainty”.
As systems, their organizational structure should cre-'
ate and enable the most appropriate configuration of
work units (as well the linkages between these units) to
facilitate the effective collection, processing and dis-
tribution of information (i.e. plans, work standards,
budgets, feedback on performance etc.).

Information processing is an essential feature of
design workflows. Designers use information as raw
material (Tribelsky & Sacks 2011), where further
processing and flow of accurate and timely infor-
mation enables an efficient and successful project
performance (Pradeep et al. 2019). This conjectures
a need to explore current patterns of information pro-
cessing in the design and BIM-workflow, as well as
the interdependence between project stakeholders and
organizational structure. Furthermore, it necessitates a
configurational fit between process models and infor-
mation processing requirements, especially for the
implementation of DLT.

2.2.2  Process modeling

Process modeling is a way of capturing the operations
of organizations in real-world domains (Recker 2009).
It 1s widely used within organizations as a method to
increase awareness and knowledge of business pro-
cesses, and to deconstruct organizational complexity
(Bandara et al. 2005). It is an approach for describing
how businesses conduct their operations and typically
includes graphical depictions of at least the activities,
events/states, and control flow logic that constitute
a business process (Curtis et al. 1992; Davenport
2005). Process models may also include, among other
things, information regarding the involved data, orga-
nizational/IT resources, and potentially other artifacts
such as external stakeholders and performance metrics
(Scheer 2000).

From an IS perspective, information processes
relate to automated tasks (i.e., tasks performed by
programs) and partially automated tasks (i.e., tasks
performed by humans interacting with computers)
that create, process, manage, and provide informa-
tion. Database, transaction processing, and distributed
systems technologies provide the basic infrastructure
for supporting information processes (Georgakopou-
los et al. 1995). Information processes are rooted in an
organization’s structure and/or the existing environ-
ment of information systems, which corresponds to
the before presented configurational approach, where
organizations are viewed as information processing
mechanisms and their organizational structure should
reflect that.

Processes are relationships between inputs and out-
puts, where inputs are transformed into outputs using
a series of activities or tasks which add value to
the inputs (Aguilar-Savén 2004 p.140). One or more
software systems, one or a team of humans, or a
combination of these can perform a task.

Human tasks include interacting with computers
closely (e.g., providing input commands) or loosely
(e.g. using computers only to indicate task progress).
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Examples of tasks include updating a fi
of adequate organizational capabilities for competitive principal W oo BB

generating a blueprint. In addition to a collection of

tasks, a workflow defines the order of task mvo- l
cation or condition(s) under which tasks r_nus‘;] be  advantage. l B’E . [ | | pramhi-t?fs ) |
actuated, task synchronization, and information Tlow ‘ . k' B v 1 | [
(Georgakopoulos et al. 1999 Biniioerny sl s e L and DecentmllzedApplzcan(ms E.-' N -l - domain specific planner civil | HVAC building domain-specific
interdependence are sources of uncertainty. Depend- (DApps) ) . : i o —— ‘-_Z— o 2! =] englneer | ||_planner physicist | |planners
| ing on their degree of interdependence or degree of  The literature review of blockchain anq 1ts.potenua| of B Lmﬁ‘% .
grequirements  inclusion 1nto model-based communication (Nawarj. Y | BqHE ® | Figues. Genersl planner procurement aode,

domain specific planner

1 iri ation processi i
zz?g?ﬁzg’ig;ﬂol:‘fgrryndemafldiﬂ% & Ravindran 2019; Pradeep et al. 2019) has shown:

| that it is not just a technology that 1s ready 0 be,
ysed, but requires a thorough insight into the des)

process of domain-specific stakeholde;rs, their 1

23 Technology ests and their collaboration workflows 1 order to
Finally, the task technology fit theory is qsed torelate  , polistic BIM-BC-supported solution for the d
the process models with their practical implementa-  yhage.

design phase blockchain

Figure 2. Interaction of stakeholders, BIM and smart con- the other disciplines for which they have signed a con-
fracts. tract. The GP undertakes a range of coordination tasks,
as \_Nell as managing and coordinating his specialist
design consultants’ works. He carries responsibility |

flow from the Thitial information search to exe- for all of the services assigned to them, particularly in

: i i ted as well i i i oration is ba: g : :

o Threore e oy B I e i o phcs sconing o e HOAD e Pt tdesin, program and o The G et

as core technologes: ) e?‘ll)e p BA S gshoul d be examined, as tl,les gn phase. Empirical research on process modeling choose own sub-consultants, and is therefore able to |
k Technology Fit (I'TF) 5 bcl)e imESative forms of collaboration b e design phase is missing, as well as research on  influence the quality of the overall project design. The ‘

231 Task Technology enal plementation possibilities of BIM with DLT in principal has thus only one contractual design parter.

ing design. In our project, we aim at closing this The GP assumes responsibility and liability for the
Therefore, the main premise of our research is individual design services, and provides the principal |
analyze stakeholders, processes and data flow with a guarantee that the individual design services,
« design workflow and next propose a conceptual inyluding all interfaces, are correct. The GP owes the
wwork for the analysis of process modeling for principal a model as planned and contractually agreed.
Ssmart contracts and DApps. In Figure 4 we can see the configuration of the
A further step includes proposing a conceptual pro- workflow in the design phase, including information
odel for BC implementation. The exploration processing of data (data-flow) and coordination of
ded in our conceptual analysis framework tasks and activities between the different project stake-
ng three theories — design, configuration and holders (process flow). Each step in the process flow
wehnology-fit. The point of departure is - in order has stakeholders responsible for their own domain-
lire processes it is necessary, first to under- specific tasks and the appropnate fulfillment of those.
\they are designed, second how they need As mentioned, the GP is coordinating and organizing
igured for BIM and DLT and third, how the timing of the tasks and is acting as the inter-
wously adjust the fit between these technolo- face between the principal and the domain-specific
‘business processes. Concisely said, in this ~ Planners.
¢p, we are exploring the system interdepen- At the end of each process in the design phase, the
veen processes, stakeholders (people) and GP presents the results to the principal, who either
the design phase, based on our presented ~ 2PProves to move forward or requires changes, which
mework. end in iteration loops until the revision is approved.
shows the general setup of the pro- The sub-process “execution of domain-specific tasks”
pt for BIM and DLT integrating four reflects the data exchange between the different stake- f
holders/blockchain actors, BlMmodel, ~ holders during a design task showing the complexity
Amart contracts/DA pps. and interrelatedeness in the information processing of
different data-formats.
Figure 5 shows a conceptual process model for ‘
lE)SIC li{mﬁ)l?merﬁtation. Due to the data stored in the
; . _ ockchain, the smart contract monitors the status
3 ossfgi};llgs;ans:g 1onlzn AustrlanAarch.l— of progress as well as givgs pernqission of further
3 {see Figore pThI;mgg serxilcPels n proqessmg the data, if certain requ1rement§ are met. .
s .and ° zriletra . 2&111- ﬁn Sl;l’lpllfled example would be an architect, who
e ep;p_ nts ah't e evelops a copceptual deglgn and fgrwa:rds it to the
. gineeri;)g e éoin l.e. architec- struct‘ural engineer, who is respon51ble to check its
Sl fi,r . protec%i services engi- functlonallty. If not approved, ghst of required changes |
s Th’e ke dehveron ;nﬁllneenng is tr.ansferred chk to the architect, who will adapt the
e rs all the gsual design a1_1d again send the model back to the struc-
project, is a single  tural engineer. If approved by the structural engineer,

Task-technology fit (TTF) is the degree to which a project members and teams in segments qf th
technology supports the performance of tasks, where  chain. They would be expressgd aqtomghcal
task requirements, individual abilities and the func-  ping on a BC network), espe‘cmlly if this co
tionality of technology are in accordance (Goodhue &  ¢osts and time for administrative .Work’ reporti
Thompson 1995). In the context of TTF theory, tech-  trol, monitoring of r.esponmblhtles and risk
nology has to match business processes (Karim et al.  yor this purpose, it is also necessary to exan:
2007), enabling a tight coupling of IT function, busi-  role of intermediaries and to understand the
ness strategy and the organization’s informationneeds  and what added value they create at what cost i
(Strnadl 2006). project and the design process, respectively.

tond the boundaries of human prob- Potentials of making BIM processes and

1T artifacts ex T R e -
lem solving and organizational capabilities by pro-  procedures in building-design more transpa

viding intellectual as well as computationa! t00ls  able, more consistent, more efficient,
(Hevper etal. p.76). 1T artifacts are broadly definedas  offective and cheaper with BC and D A
constructs (vocabulary and symbols),rnodel§ (abstrac-  ypused so far. The 1mplementat10n 9f

tions and representations), methods (algorithms and  pologies would also result in the possibi

practices), and instantiations (implemented and proto-  time comumunication in the model and ¢

type systems) (Hevner et al. 2004). Many IT artlfagts checking. -
have some degree of abstraction but can be readily In general, BC and DApp technologies Mk
converted to a material existence; for example, an  sjble to determine a consensus onithe cu
algorithm converted to operational software (Gregor 4 workflow ina decentralized fashion. The
individual BIM artefacts (model) could

& Hevner 2013). .
Tn this paper, we use the term artifact to refer to @ Yinks in the BC that uniquely referenc
thing that has, or can be transformed into, a mate-  content at every step of the BIM-wa

rial existence as an artificially made object (e.g,  tionally, any new version of suph an
model, instantiation) or process (e.z., method, soft-  reference the previous one, which cre

ware) (Goldkuhl 2002 p. 5; Gregor & Hevner 2013). trace of the workflow progres 5..Such )¢
the design process would make it possid

the responsibilities for individual st

Smart contracts included in such 2
the roles dutifl

for the nexi &

232 BIM o
In the last decades Information and Communication :
Technology (ICT) has been widely used as a facilita-  sibilities to determine
tor of AEC collaboration (Lee & Jeong 2012), with  apd pass responsibility
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Sener 3 ¢ and processing within the life 3 DESIGN PHASE PROCESS
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digital technologies, such as , and o d'< il signed with blockchain) we 8¢ i itect assumes therole of  and responsibilities of the involved parties, as well as
sses in the dig planners to undertake work in ~ give clearance for further steps, when all approvals are

the generation of innovation proce
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that uniquely reference the artefacts content at every
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which creates a distinct trace of the workflow progress.
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we introduced a conceptual frame-

In this paper, )
work for the analysis and process modeling of BIM-

workflows in the design phase. We argue that for the
inclusion of DLT (blockchain and smart contracts)
into the BIM-workflow it is necessary to understand
and capture the entire design workflow (encompass-
ing numerous processes/stakeholders/data formats).
In conclusion, this means: (1) to understand hgw
processes are designed and who the participating
stakeholders are (2) how processes need to be con-
figured and aligned for the implementation of these

technologies and finally (3) how IT needs to be con-
the organizational structure
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