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Abstract. Smart products integrate physical and digital materialities, taking ad-
vantage of sensors, mobile technologies, and advanced data processing capabili-
ties. This type of systems is a top priority for managers, offering the capacity to
sense, communicate, adapt, and anticipate the needs of business stakeholders. We
use the lens of the Viable System Model (VSM) theory to align business strate-
gies and smart products. The proposed model was tested in a real case of infor-
mation systems development for safety in construction. The findings emerge
from a design science research that is part of a larger project to introduce smart
technologies in the construction industry. A viable product model (VPM) repre-
sents the necessary and sufficient conditions for the smart product cohesion and
endurance in different environments, aligned to the business needs. For theory,
we present a product-level adoption of VSM and propose guidelines for business-
smart product alignment. For practice, the results can assist managers in creating
new smart products that adhere to their strategy and capable of dealing with un-
expected events.

Keywords: Viable Product Model, Viable System Model, Industry 4.0, Smart
Product, Construction.

1 Introduction

Products are increasingly digitalized, reconfiguring the socio-technical relationships
with users, adding new capabilities to physical objects, and changing their traditional
lifecycles. It has been recognized that “the most important feature of digital innovation
is successful generation of new IT-enabled products, processes, and services. Despite
its salience, exploration of digital innovation outcomes has received very little attention
in the literature” [1]. Products, or, more precisely, the new smart and digital-physical
products [2], concern different C-level executives of the organization, matching the
relevance of IT for process improvement initiatives. We agree with [3] that “IS scholars
need to question and complement their received models of aligning IT to business
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strategy (...), must imagine new digital strategy frameworks that identify new sources
of value creation such as generativity, heterogeneity, digital product platforms, and
meaning-making capability [...developing] new strategic frameworks that are aimed
at deliberately harnessing the unique capabilities of digital technology that are embed-
ded into products”.

Over three decades ago seminal studies identified the competitive importance of
aligning business and IT investments [4], focusing strategic developments “as the in-
terplay between a dynamic environment and bureaucratic momentum” [5] where the
technologies are at the core of organizational transformation. More recently, “align-
ment” is seen as a dynamic process that requires continuous adjustments between busi-
ness functions and applications [6]. Several studies suggest the positive impact of align-
ment in company performance, namely in the aspects of (1) IT-business communica-
tions; (2) value analytics; (3) approaches to collaborative governance; (4) nature of the
partnership; (5) scope of IT initiatives; and (6) development of IT skills [7]. However,
there is a lack of studies that address the emergent smart products and their alignment
to organizational strategies.

Business/IT alignment (BITA) is essential for business viability, so it is warranted
to examine it using the lens of influential theories such as the Viable System Model
(VSM), originally proposed by the British theorist and professor Stafford Beer [8].
VSM has been widely discussed during the last decades and asserts the necessary and
sufficient conditions for the viability of an organization [8-10]. The necessity to align
business and IT at the product level [11] and the opportunity to explore a sound theory
for viable systems in this context motivated two research goals for this paper:

1. Understand how the Viable System Model theory has been addressed in business/IT
alignment literature for product level of analysis;

2. Design a Viable System Model for smart products, aligning industry 4.0 strategies
and information technologies.

The rest of the paper is organized as follows. Section 2 explains our design science
research approach, aiming to integrate smart technologies in construction safety. Sub-
sequently, we review relevant literature on VSM and smart products. Section 4 presents
the design and development of the Viable Product Model (VPM). In Section 5, we dis-
cuss the findings and suggest specific guidelines to align business and product-level IT
adoption. Finally, we highlight the main contribution to the field of BITA, the study
limitations, and the avenues for future research.

2 Research Approach

The design-science research (DSR) paradigm [12] has its foundations in the work of
[13]. DSR enables the creation and evaluation of artifacts to solve specific organiza-
tional problems, which can “be in the form of a construct, a model, a method, or an
instantiation” [12], integrating informational, technological, and social aspects. Alt-
hough the maturity of the use of industry 4.0 technologies (e.g. Internet of Things (1oT),



mobile, cloud) is high in sectors such as automotive, their use in more traditional in-
dustries needs further research.

The research presented in this paper is part of a larger DSR project that aims to create
smart products for occupational health and safety (OHS) in construction [14]. The pro-
ject has involved two companies of a Portuguese construction group (C1: consulting,
training, safety inspections; and C2: construction equipment supplier) that were inter-
ested in adopting industry 4.0 technologies in their businesses. After developing several
prototypes for safety with 10T and a comprehensive system to improve OHS in con-
struction, it became clear that the alignment of smart products for OHS required a viable
model of the business and of the technological portfolio. It was necessary to represent
the fundamental building blocks of smart products and their relation to the environment
in the construction site, ensuring the conditions to become viable. The Viable System
Model [8] seemed to be an interesting solution to test.

According to [15], after the (1) identification of the problem and motivation and (2)
definition the objectives for a solution, DSR evolves through (3) design and develop-
ment, (4) demonstration, (5) evaluation, and (6) communication. Our design and devel-
opment proceeded with a structured literature review to identify the use of VSM for
product modeling and, particularly, for the design of smart products. Afterward, we
adopted VSM to the product level of analysis in BITA and demonstrate its use with a
smart product for construction safety. The evaluation of the research enabled us to pro-
pose guidelines to model viable products, aligning technological innovations with the
business strategy (industry 4.0 in our case). The communication step of DSR is in the
form of a scientific publication and sharing our results with the participating companies.

3 Literature Review

We have selected Google Scholar for our review of the core literature. It was selected
because it offers wide coverage of highly-cited documents and citations in three essen-
tial fields to the topic of business IT alignment, namely, (1) Business, Economics &
Management, (2) Engineering & Computer Science, and (3) Social Sciences [16].
Surprisingly, a search in Google Scholar with the keyword combination "business
IT alignment” AND "viable system model™ (April 6, 2019; excluding patents and cita-
tions) only returned 43 results. Among these contributions we can find the keynote
speech by Prof. Jose Perez Rios at POEM 2013, presenting how VSM can be used for
information systems development “constructing models with sufficient variety (the ca-
pacity to deal with complexity) to respond to current problems” [17]. We attended that
inspirational keynote that was our starting point to reflect about the potential of VSM
for product development efforts. Yet, none of the studies found in our initial search
adopted VSM to ensure smart product development is aligned with company strategy.
In a second review round we used the keywords "viable system model" AND ("lot"
OR "internet of things"), since we were particularly interested in the smart product de-
sign supported by 10T. This search has yielded 117 results, suggesting that the efforts
to adopt VSM in the 10T context are more popular. Nevertheless, we could not find any
study for our purpose and extended the review with additional keywords, namely,



"viable system model” + "smart product”. We obtained 3 results, with only two of them
using VSM [18, 19]. The work of [19] presents a research in progress for a VSM meta-
model for manufacturing control with smart objects, while [18] reviews key literature
to identify challenges in the design of systems that react to unpredicted events. We still
could not find empirical studies for the product-level of alignment that merges physical
and digital elements in new product development.

The third review round identified studies addressing product viability (not restricted
to smart products) and VSM used the keyword combination “viable product model” in
Google Scholar. This search returned 15 studies, however, none adopted VSM for the
purpose of product viability. The second round of search terms using "viable system
model" + "product level" (18 studies) and "viable system model" + "product model"
with 25 results. Other keywords used in our research were "viable system model" +
"smart product service system" (0 results) and "viable system model" + "product service
system" with 22 results. Among these, we highlight [20] where VSM is used to analyze
the integration of products and services in defense contracts. The authors argue that
servitization requires a shift from a product-centric view to a relational-process view of
solutions and evaluates variety in this type of contracts. This work — although not ad-
dressing the design of product-service systems and its alignment to organizational strat-
egies — has strengthened our belief that VSM can provide a valuable lens for product-
service system contexts. The next subsection discusses the fundamentals of VSM.

3.1  Viable System Model

The work of Stafford Beer was hugely influenced by W. Ross Ashby (1903-1972),
author of the law of requisite variety — a measure of the number of states a system can
take up, stating that it could succeed “only if it disposed of as much variety as the envi-
ronment in which it existed” [21]. Ashby created an electromechanics device named
homeostat that simulated the ability of organisms to keep the blood temperature con-
stant independently of the environmental conditions [22]. This device was an inspira-
tion to the efforts of S. Beer to create adaptive organizations, including the automatic
factory controlled by computers [8, 21]. In fact, “VSM is primarily a tool to observe
institutions and to support connectivity in the quest for desirable transformation” [10].

Our study resorts to key VSM definitions summarized by [10]. First, a viable system
is “able to maintain a separate existence”, possessing the capacity to respond to known
and unexpected events (e.g. catastrophes). Second, an organization “is a ‘closed’ net-
work of people in interaction producing a whole” with rules and mechanisms for deci-
sion making, identified by human relations. Third, the organization structure “emerges
from stable forms of communication, or mechanisms, which permit the parts [e.g. peo-
ple roles or departments] of an organisation to operate together as a whole [...and]
suggests the relevance of understanding both the contribution of technology and other
resources to organisational processes and the influence of structure in the design of
communication and information systems”.

There are two key mechanisms for viability, namely, cohesion and adaptation [8,
10, 21]. The first mechanism allows people to produce collective meaning, aligning
individual (autonomous) interests with the entire organization. This mechanism



involves functions of implementation, cohesion, negotiation, coordination between dif-
ferent units (e.g. lateral communication) and monitoring. The second mechanism is an
adaptation, because organizations must evolve according to the (internal/external) en-
vironmental changes that occur over time, requiring appropriate policies and intelli-
gence functions. Both mechanisms are essential for recursive organizations (all its units
have a structure that enables knowledge meaning creation, regulation and implementa-
tion [10]) where all its sub-systems are also viable systems [23]. The VSM model is
represented in Figure 1.
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Fig. 1. Viable System Model (adapted from [8]).

The VSM includes at least five main levels or systems that are inspired by biology [10].
System 1 includes the primary activities that support the business (e.g., different sub-
sidiaries of an organization as presented by [21]). According to [9], these autonomous
units “conduct and optimize the daily business-in the ‘here and now ™. System 2, like
the nervous system, allows communication and interconnections between System 1 el-
ements and with System 3 (executive management), related to the controls and re-
sources that allows managers to react to changes in Systems 1-2. System 4 is responsi-
ble for monitoring and understanding adaptation needs (e.g., research and development,
orientation toward the long-term), collecting and showing information from the outside
world, and lower levels of VSM. Finally, System 5 directs the whole organization, de-
fining policies, norms, values, and balancing the different parts of the firm [8-10].
According to [8], the performance of System 1 activities can be measured according
to its actuality (what the activity is accomplishing now with existing resources),



capability (what it should be achieving now with the same resources) and potentiality
(ought to be, developing resources and removing constraints — a main responsibility of
System 4). Moreover, recursion is a key aspect in VSM because “any viable system
contains, and is contained in, a viable system” [8], allowing to consider multiple levels
of abstraction in the model creation. Each System 1 element can be seen as a viable
system.

There are multiple relationships to consider [8, 9]. The vertical channel (relation
between System 1 and System 3) includes the negotiation of objectives and exceptional
intervention if cohesion is at risk. Relationship 1-2-3 attempts to reduce complexity and
filters information from System 1, while 3* allows auditing the company system. Re-
lationship 3-4 includes the process of strategic development and stability, balancing
long-term vs short term needs, and the internal and external environment analysis. Fi-
nally, relationship Systems (3-4)-5 aims to moderate interactions between Systems 3
and 4, solving conflicts. Problems in these systems and their relations pose risks to the
viability of the organization, which is composed of a structure with multiple layers that
recursively interact. In this context, a “product is thus not a separate object; objects
are recursively constructed objects in language. The perceiver and the perceived arise
together in the discourse of value creation” [24]. More recently [24] adopted the VSM
and requisite variety to propose a framework describing the systemic relations of value
co-creation for product innovation and development.

The next subsection explores VSM for the product level of alignment.

3.2 Towards a Viable Product Model with VSM

The VSM lens has been recently used to address business/IT alignment issues, for ex-
ample, in the work of [25] and [26] for IT governance. VSM can be used for diagnosing
and designing organizations, as illustrated in the five case studies of [27], namely,
“transformation of a company”, “redesign of a meta-system” for the top management,
“enhancing cohesion” of different divisions of the organization, “developing strategy”,
and “examining corporate ethos” to change auditing approaches.

Some examples adopt VSM for enterprise architecture management [28, 29], but
most of the studies adopting the VSM address the organizational context and its self-
regulation capacity, namely, corporations, public organizations, or nations [9]. Interest-
ingly, a decisive influence in the VSM theory comes from a specific machine with the
capacity to ‘sense’ the environment — Ashby’s homeostat. Therefore, VSM should be a
potential theory for the design of smart ‘viable’ products that can sense the environment
and adapt to different conditions that are relevant to the business strategy.

We found two contributions particularly relevant for our purpose, one of them pre-
sented by [30], who adopted VSM for a product level of analysis in the shop floor. This
study exemplifies the use of intelligent product model for a production and control sys-
tem using RFID in industrial applications. The second study applied VSM to the anal-
ysis of a smart network for electricity production. The authors of [31] have studied how
the “smart capability functions at a strategic, business process and technical level”,
contributing for a product-oriented view of VSM theory. Both refer to the produc-
tion/manufacturing stages, opening an opportunity to expand research in this area



addressing the case of smart products. Our research focuses on the structure and mech-
anisms (e.g., cohesion, adaptation) for BITA at the smart product level of analysis.

4 A Viable Smart Product Model for OHS in Construction

The design and development involved two researchers and a master’s student of infor-
matics, responsible for the coding in the prototype development phase of DSR. The
initial phase was conducted in close collaboration with the practitioners designated by
the construction group, namely, two OHS assessors, the top managers of the construc-
tion equipment company and of the consulting company, and two construction techni-
cians designated to assist in field testing. The first artifact used for occupational health
and safety in construction using smart technologies aimed at presenting a global picture
of the infrastructure, equipment, and main purposes of the stakeholders (Figure 2).
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Fig. 2. Integrated Smart OHS [14].

There are three key elements in the cyber-physical 10T infrastructure (bottom-left).

e The personal mobile device: worker monitoring and alert system based on a smart
wristband — biometric information, RFID, and GPS;

e The environment sensors kit (unpractical to include in the worker wearables), in-
cluding light, temperature and humidity, noise, and air quality (requires GPS);

e The objects sensors, including RFID antennas (collision detection or fall protection),
PPE - personal protection equipment (e.g., helmet), and site access.

The system is used for alerting the user, gathering biometric data, and identification,
for example, for collision detection systems using RFID. Moreover, it concentrates the
environmental parameters in a portable, low-cost toolkit, making it affordable to use in
different areas of the site. Finally, it ensures wearable use (identifies PPE) — if the wear-
able is not in use, the worker may not enter the site or use specific equipment. The
arrows represent the value obtained from data analysis (training, alerts, and



inspections), and the purpose of data collected via 0T (monitoring and compliance).
On the bottom-right, the external stakeholders that need to access OHS data are repre-
sented, and, on the top, we can see the cloud infrastructure. The smart OHS system
needed to ensure that it provided cohesion and adaptation to the environmental condi-

tions: a viable product model. The model for the product level of analysis is presented
in Figure 3.
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Fig. 3. Viable Product Model — Smart OHS system.

The design of a viable smart product must consider the five interrelated systems in-
cluded in the VSM theory [8], enabling cohesion and adaptation mechanisms. System
1 includes the key operation units of the smart OHS that will be implemented via loT,
namely, (1A) personal mobile device: worker monitoring and alert system based on a
smart wristband, (1B) environment sensors kit requiring feedback (System 2) from the
personal mobile device 1A; and (1C) objects sensors that will require feedback from
1A and 1B. System 2 represents the feedback system made possible by the 10T sensors
that interact with the local environment - aligned with the strategy for smart OHS. Sys-
tem 3 implements the immediate actions (e.g. avoid unauthorized access to the site or
alert of imminent fall or collision with equipment), while providing audit from health
and safety assessors and consultants. System 4 includes the algorithms to generate alerts
or safety warnings, for example, warn the user to rest according to the weather condi-
tions (collected via weather sensors) and biometric signals. Finally, System 5 is



materialized by the health and safety regulations, ensuring alignment between the op-
eration (1, 2), the environment and the metasystem (3-4-5).

We identify different levels of recursion [8, 10] in VPM because each autonomous
product (1A, 1B, 1C) is also a viable product according to the VSM, interacting within
the operation system and with the structural recursion levels above. This DSR enabled
the formulation of the following design principles for viable smart product models:

o Adopt a top-down approach starting the model with System 5 and then System 4
elements. Smart products must be a result of overall company policies and future
development expectations. Therefore, System 5 must clarify the policies (in our case,
occupational health and safety and industry 4.0) and then System 4 envisions candi-
date technologies and the potential adaptation to future events.

o Update System 3 (control) as System 4 and System 1 evolve. It is necessary to balance
resources needed to develop System 1 parts of the smart product and the adaptation
requirements identified in System 4.

¢ Follow an outside-in approach to design System 1. Contrarily to the usual applica-
tion of VSM for diagnosing the business, parts (or all) of System 1 components may
not yet exist when planning smart products that adhere to the environment. There-
fore, it is important to detail the complete setting for the smart product operation.

e Promote synergies with System 2, which provides cohesion between all the compo-
nents of the smart product, lateral communication, and vertical communication with
System 3 (which, in turn, allows auditing (3*) via sensors existing in System 1 level).

e Present the VSM theory using the human body analogy. We confirmed in this case
the findings of [32], that VSM does not provide a common language for managers,
requiring a previous presentation of the concepts.

e Adopt a cyclic approach to the design of the viable product model. A single iteration
(System 5&4-4&3-1&3-2) provides an initial version of the model, but it is neces-
sary to understand the implications of System 1 for the higher levels. For example,
specific technologies may not be applicable (e.g., too expensive), requiring manual
control procedures at level 3 (e.g., human audits). Designers should navigate through
the five levels of the VPM for consistency and reevaluate the capabilities of the sys-
tem.

5 Discussion

Smart products must be aligned with the business strategy, in cohesion with other or-
ganizational systems and ensuring adaptation to environmental changes. As stated by
[33] “if the technologies driving Industry 4.0 develop in silos and the OHS initiatives
of manufacturers are fragmentary, hazards will multiply and some of the gains made
in accident prevention will be lost”. According to the company managers in our project
consortium, a comprehensive model for wearable technologies in construction needs to
support (1) training, (2) monitoring critical parameters, (3) user alerts (e.g., collision,
fall), and (4) voluntary regulatory compliance (OHS standards audit and evidence). A
VPM approach surfaces the different purposes of technology, its interactions with the
local environment, and recursion with managerial functions.
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Few studies have used VSM theory as an inspiration for product developments that
are aligned to the business. Most of the research focuses on diagnosing [32] or trans-
forming already existing organizations [27]. Our study shows that VPM can be used
for the development of smart products integrated with the business strategy.

We presented the final model to the companies participating in our research to un-
derstand the communication capabilities of this artifact. They found the relation be-
tween the environment and System 1 important to understand the needs of regulations,
and System 3 to identify what type of data they could get from the viable smart product.
Regarding Systems 5, 4, and 2, they found that information more relevant to the imple-
mentors of the solution. We found that System 2 was transparent to them (more im-
portant to integrate the smart product I0T system by technical staff), System 5 was a
representation of their own vision and regulations (more important to third party), and
System 4 was, in this case, mostly developed by the research team, who identified the
future opportunities and needs for adaptation. This case revealed that the interest of
each systems in VSM can vary according to each stakeholder. Additional research is
necessary to understand how the VVSM representation can improve its communication
capabilities according to multiple viewpoints of smart products development.

6 Conclusions

We presented a Viable Product Model artifact based on VSM theory to the design of
smart products. The results are attained from (1) a DSR project aiming to introduce
smart technologies for safety in construction, and (2) a structured literature review fo-
cusing on VSM for BITA at the product-level of analysis, contrasting to the usual adop-
tion of VSM for business units and departments. Digitalization is changing products in
all sectors of the economy, requiring new models to capture the alignment between
business needs and pervasive IT. The multiplication of 10T systems creates challenges
to align synergies within these systems and the (internal and external) social realms of
the organization. One central conclusion in our work is that VSM theory can be adopted
to model viable smart products in the emerging fourth industrial revolution.

Some limitations must be stated. The first stems from the literature review, namely,
the restriction of the source database and the selected keywords. We decided to use
Google Scholar, which is the most comprehensive search engine [16], but other data-
bases can be used. Secondly, to our knowledge this is the first attempt to adopt VSM
for smart product developments, focusing on the product-level of alignment in a single
organization. A more in-depth evaluation of the pros and cons of the VPM is necessary,
and other cases may follow to improve the approach. More field work is necessary since
current results are mainly supported in the literature review and the preliminary findings
of one case. Thirdly, although the model results were positive for the company manag-
ers, there are risks of the Hawthorn effect in social studies, suggesting that the observed
participants’ behavior could be “related only to the special social situation and social
treatment they received” [34]. Finally, we did not yet explore the full potential of VSM
for detailing the relations between specific sensors and actuators in System 1, the inte-
gration in System 2, and the detailed information flows with the environment and other
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Systems (3-4-5). The model that we present in this paper can be improved, including,
for example, sensor specifications and detailed data models.

Future research opportunities are promising. First, looking to the possibility to adopt
VSM to other types of interactive products. Another possibility is to align the VPM
with VSM for the same organization, for example, aligning viability of the product with
other levels (recursions) of viable systems such as departments. We also found an op-
portunity to explore VSM in the entrepreneurship context, namely, its potential to
model minimum viable products that are popular in start-ups. Finally, it is possible to
develop different VPM representations (viewpoints) to improve its utility to BITA with
enhanced communication capabilities according to the needs of each stakeholder.

We plan to test the proposed model in our information systems course, to evaluate
the potential of the tool for training smart product specification aligned with the com-
pany strategies. Additionally, the next step of our DSR will adopt VPM to a smart tower
crane. One of the companies belonging to the construction group rents tower cranes and
wants to use 10T to improve safety (e.g. prevent collision with the building during hoist-
ing processes; alert the user in critical weather conditions), maintenance (monitor the
equipment use and alert the supplier for maintenance procedures), and other smart ca-
pabilities to improve their tower crane rental business.
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