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Abstract

We are witnessing the need for a quick and intelligent reaction from organizations 
to the level and speed of change in business processes. This is often associated 
with the emerging of new information systems and technologies, bursting pro-
blems like the persistence of wrong information, systems not fully used and slow 
response. This requires two main actions: synchronizing people’s visions and stra-
tegies within the organization and selecting the information which is relevant for 
the strategic goals. The main challenge of the proposed approach is to choose the 
information systems’ portfolio management aligned with the enterprise architec-
ture. This integration leads to modelling the process architecture of the company, 
which in turn serves as a reference for knowledge-base management to cope with 
business prospects. This kind of flexible framework can contribute to managing the 
potential adherence to new systems such as the mobile, cloud, big-data or IoT-ba-
sed services that tend to proliferate especially in such areas as tourism and health.
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Introduction
Since the transition from the industrial so-
ciety to the information society, it was nec-
essary to organize and select data in enter-
prises. This organization gave rise to new 
values that are equal to or more important 
than the traditional ones, such as infor-
mation and knowledge. Technology has 
brought so much change that its current 
association with the human capital has led 
to even greater potential of the information 
itself. Information technologies (IT) are the 
platform for the company’s ability to devel-
op information systems (IS) that meet the 
new management requirements. For ex-
ample, an increasing ability to control large 
volumes of data in big databases, such as 
data warehouses using advanced tools for 
relating those data (data mining), responds 
to more selective and diverse costumers. 
Some changes require rethinking of the 
ways to present products and services and 
seeking for different dissemination chan-
nels. Therefore, companies should organize 
their IT/IS to be able to develop new solu-
tions to maintain or enhance their compet-
itive position in the market. 

In current business scenarios information 
society and knowledge management play 
complementary roles. Connectivity, mo-
bility, pervasiveness and real-time reac-
tion are some of the keywords in today’s 
vocabulary of enterprise information sys-
tems. The sustainability of competitive ad-

vantage is found in a company’s ability to 
channel the critical information to gener-
ate business intelligence that enables it to 
constantly rethink its goals and methods 
to suit its needs in real time. Given the ac-
tual pace of change and business instabil-
ity, companies have to manage real-time 
business events well. This requires adopt-
ing new attitudes and ways of managing 
business intelligence to address numerous 
emerging challenges.

Information Systems 
in Portugal

The Portuguese Economy 

In Portugal, the companies (mostly small 
and medium-sized) invest little in R&D (re-
search and development) due to their limited 
financial and organizational capacity. There-
fore, information systems are an important 
resource for their business performance. 
In terms of most innovative sectors in the 
Portuguese economy, which according to 
Sarkar (2014) tend to be more supported 
by IT/IS, the Community Innovation Survey 
(CIS) provides useful information. The EU 
(European Union) employs this statistical 
instrument to monitor Europe’s progress in 
the area of innovation, which is conducted 
by each EU nation’s own statistical offices. 
In Portugal, following the methodological 
recommendations of Eurostat, the CIS aims 

Silvia Fernandes is an Assistant Professor at the Faculty of Economics of the Uni-
versity of Algarve. She holds a Ph.D. in Information Economics and is member of the 
Research Centre for Spatial and Organizational Dynamics. She lectures Informa-
tion Technology, Innovation Economics and Entrepreneurship in undergraduate and 
master courses. She has several publications in books, journals, and communica-
tions in national/international conferences in themes such as enterprise information 
systems, innovation performance, emergent technologies, etc.  (sfernan@ualg.pt)



70

to directly collect information on innovation 
(product, process, marketing, and organiza-
tional) in companies. It explores how firms 
interrelate with their surrounding external 
environment in order to access information 
considered important for the development 
of new projects or the completion of exist-
ing ones. Firms may use external agents 
as information sources or engage in more 
formal cooperation activities, meaning their 
active participation with other enterprises 
or institutions relies on innovation.

The recent CIS (period 2010-2012) re-
vealed that the main innovating sec-
tors of the Portuguese economy are: 
research-based (computer, civil engineer-
ing, R&D), knowledge-based (insurance, 
health) or service-based (retail trade). The 
external sources/agents most common-
ly used by the research-based sector are 
universities, suppliers are most common-
ly used by the knowledge-based sector 
and firms’ group is most commonly used 
by the service-based sector. Private cus-
tomers are important sources for all types 
of sectors, which means that Portuguese 
firms generally use customers’ informa-
tion and relations for innovation purposes. 
These results are in line with the fact that 
Portuguese economy is mainly based on 
small and medium-sized firms (SME) that 
increasingly focus on services and knowl-
edge provision. Customers’ data allows 
to expand the knowledge base within the 
applied research and transform knowl-
edge into goods and services (Sánchez-
González & Herrera, 2014).

The IT/IS that Portuguese companies should 
bet on, especially those with a culture of 
customer service, are based on business 
intelligence tools such as CRM (Customer 
Relationship Management), ERP (Enter-
prise Resource Planning), big-data tools and 
analytics. These tools, complemented on 

well-planned platforms (even integrating 
data from social media) contribute towards 
the implementation of new ideas, design of 
new products and services, improvement 
of existing processes and creation of new 
ones. Given this enormous potential which 
may lead to a reconfiguration of the business 
model, managers should not only be famil-
iar with these systems, but also get involved 
with their adoption from the beginning and 
cover all processes in the organization.

IT/IS Potential

Many Portuguese firms have been found-
ed due to the development of financial 
systems which automatically process in-
voices and other reports from balance 
sheets. However, after analyzing the pro-
cess of decision support, it became clear 
that managers make decisions based on 
many other documents and data in order 
to know which products they can offer, in 
which amount, and which is the best way 
for distribution, the best location for shop-
ping, etc. In addition to that, the enormous 
amount of data that results from having 
a website, leads to the use of new data-
base management tools (e.g. MySQL). An 
ERP can manage these issues by making 
it possible to integrate different business 
functions and documents to inform prod-
uct traceability, i.e. from the order moment 
to knowing its stock level. Information 
flows became more rapid and complete by 
contributing to a better inventory manage-
ment and a greater consistency with cus-
tomer’s needs (Vasilev and Georgiev, 2003).

Companies can also implement ERP new 
modules tailored to their business reality 
(health, banking, commerce, etc.) to become 
more flexible. Unlike departmental systems, 
an ERP is multifunctional. It covers differ-
ent levels or functions of an organization. 
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ERPs are integrated systems that make 
the information flow easily between differ-
ent areas of an organization to be shared 
by different processes. The information is 
then accumulated in a single huge reposi-
tory (a data warehouse), which is available 
to all business units at all functional levels. 
As a result of that, managers can receive a 
more accurate information about anything 
they need in real-time (Laudon and Lau-
don, 2004). This type of system answers 
to queries such as: inform customers if an 
ordered product is in stock; maintain cus-
tomers informed of the whole processing 
course of their orders; easy communication 
between production and financial areas to 
define new production plans, etc. In con-
trast to that, departmental systems create 
more fragmentation of data which results in 
expensive and complex links that proliferate 
in companies, as these systems function 
separately. By consolidating the data, ERP 
systems help to eliminate unnecessary or 
redundant links having a positive impact on 
business efficiency and performance.

On the other hand, CRM tools consist of an-
alytical functions to manage the relationship 
with clients, consolidate information from 
different sources or channels of communi-

cation (phone, email, web, wireless points) to 
answer queries such as: what is the value of 
a certain client for the company; which cus-
tomers are the most loyal; which customers 
bring in the most profit, etc. Then companies 
can use the answers to these questions to 
acquire new customers; improve their prod-
ucts/services to further customize them ac-
cording to customers’ preferences; etc. CRM 
techniques are used to select and combine 
key information from different points of view 
to help companies create unique services or 
successful innovations. CRM processes can 
also (by means of advanced techniques like 
data mining) capture profiles, attitudes and 
behaviors that haven’t been noticed before. 
These tools are effective in engaging a cus-
tomer to the point of expecting the servic-
es s/he has previously outlined (Vasilev and 
Georgiev, 2003). 

Besides being a key for business per-
formance, these trends can be a way of 
knowledge-base enhancement (Gudas, 
2008; Fernandes, 2013). Figure 1 illus-
trates this aspect through the main lines of 
information systems’ support and the con-
sequent enterprise knowledge expansion, 
as third and fourth blocks allow to answer 
questions like how/why and when/where.  

Figure 1: Main Lines of Information Systems’ Support and Knowledge-Base Enhancement 
Source: Own Elaboration
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Another relevant trend to mention is the 
widespread use of mobile platforms due 
to their ubiquity (the concept of being 
everywhere at the same time, related with 
pervasive devices – time and context-
sensitive). These attributes have to do 
with the critical role that time and place 
play in today’s communications. Facing 
the increasing geographical scope and 
time-sensitiveness of services (a real-
time response), their development is 
making the difference. Under the provision 
of services, mobile systems have the 
potential to control the execution of 
activities by creating processes that may 
resolve many problems related to the 
on-time delivery in any requested place. 
Ubiquitous systems provide mechanisms 
for selection and alignment of processes 
that meet the aspects of a context and 
accurately reflect its constant changes. 
This pervasive nature, related with the 
capacity of different integrated devices 
functioning together, has changed the way 
of conducting activities and interacting 
with workers at various locations using 
different systems.

The Multiplying Effect of Internet 

The Internet’s expansion and the exponen-
tial number of customers and employees it 
has brought to companies to promote and 
sell their products, has led to a need for tools 
that can help to cope with this trend. The ma-
jor challenge is keeping the same relationship 
patterns of interacting with more customers 
and stakeholders. The multiplying effect of this 
aspect, from a growing number of companies 
placed online, adds the need to compete more 
in real time. It justifies the increased adoption 
of the enterprise information systems men-
tioned above such as ERP, CRM, cloud, mobile, 
among others. Companies should therefore 
consider the implementation of these tools 
from a strategic perspective, to fully exploit 
their potential closely in line with their business 
needs for better business event monitoring. 

As far as the Internet’s potential is con-
cerned, Figure 2 shows that there is an 
emergent trend brought by social net-
works. It is the semantic web (or intelligent 
web) related with semantic databases 
containing data from different sources (so-
cial networks, mobile apps, etc.).

Figure 2: The Generations of Web Are Coming
Source: http://www.novaspivack.com/articles
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These sources and its interoperability are 
really important to be explored by enter-
prises and researchers because many 
sources are included in the Web 2.0 (blogs, 
wikis, video sharing, web services, apps, 
etc.), which is rapidly evolving to Web 3.0 
(also known as ‘intelligent web’). This level 
will enable the use of autonomous agents 
to perform tasks for the user. Thus, appli-
cations will become more and more ap-
proachable to the needs of the real world. 
An aim is to create a capability that antic-
ipates user needs, easily integrates avail-
able information, and provides ubiquitous 
access and personalized content. Tags and 
keywords are ways to help organize and 
retrieve web resources (Borrero and Ca-
ballero, 2013).

Promising Business Models

The overwhelming potential of the internet 
requires companies to have more flexible 
information and process architectures. The 
main goal is to manage knowledge and 
adhere to new business models supported 
by mobile, cloud or big-data systems 
that tend to disrupt several areas such as 
tourism and health. Recent discussions 
about smart cities and regions (bridging 
the physical and digital) have touched upon 
those issues. For example, future European 
structural investment funds are based on 
developing and matching these research 
and innovation strengths to the business 
needs (European Commission, 2016). 

Furthermore, a network of smart devices 
can be set up to enhance the work of any 
business and its services. For example, in 
tourism, there can be a better assistance 
to tourists through mobile apps for 
managing the experience of touring of a 
place by smart coordination of the objects 

at that place. This will enhance the overall 
experience of the tourist (information 
regarding the shortest route to reach there, 
traffic congestion in that route, alternate 
ways to reach the place). Mobile tours can 
be provided to tourists giving details of all 
the local attractions, restaurants, etc. and 
assisting them throughout their trip. 

Mobile work empowerment is also pos-
sible, which is important for real-time or 
critical activities such as healthcare. Net-
worked sensors, either worn on the body 
or embedded in one’s living environments, 
make possible the gathering of rich infor-
mation indicative of one’s physical and 
mental health. Captured on a continual 
basis, aggregated and effectively mined, 
such information can bring about a posi-
tive transformative change in healthcare 
(Hassanalieragh et al., 2015; Tyagi et al., 
2016). The combination of wearable tech-
nologies with related apps at a smart-
phone can serve to integrate and monitor 
patient information and sensing through-
out healthcare records and systems (Nie-
wolny, 2013). However, there are certain 
implications like concerns over privacy of 
personal data generated by smart devices 
due to over-tolerance in technology. These 
concerns need to be addressed (Kaur and 
Kaur, 2016).

“This pervasive nature (...)  has 
changed the way of conducting 
activities and interacting with 
workers at various locations 
using different systems.”
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Which Information 
System? Portfolio?
The issues raised by Figures 1 and 2 
remind of the need of a good information 
systems’s portfolio and its management. 
There is a common problem in companies 
which relates to an increasing amount of 
data (‘big data’) and of non-integrated 
information systems, affecting companies’ 
performance and its relationships with 
customers and employees. Two main 
factors that lead to this problem are: 

- The factor that there are many new in-
formation systems and technologies in 
organizations (such as ERP/CRM, clouds, 
sites, social networks, etc.) whose poten-
tial is far from being fully exploited, either 
in themselves or in integration with other 
existing systems; 

- The other factor is that people’s work 
habits differ in terms of: training, willing-
ness to work with technologies, willing-
ness to cooperate with others, among 
other individual differences. 

These factors raise the need for the infor-
mation systems’ portfolio management 
and a working architecture/culture in which 
people would synchronize their processes 
and visions within the organization, in ac-
cordance with the same mind-set targets. 
This leads to an exercise of collecting the 
relevant information (Robbins, 2006). For 
example, creative thinking makes people 
approach problems and solutions, in order 
to put existing ideas together in new com-
binations (Amabile, 1998).

The present work aims to develop an ap-
proach to these issues, which can be re-
ferred to as a portfolio approach to infor-
mation systems management. It should be 
understood here, as information systems’ 
portfolio the set of tools and methodolo-
gies for business intelligence (ERP/CRM, 
intranets, clouds, social networks, etc.). 
This approach aims to bring attention to 
the appropriate management of this port-
folio, i.e., the selection and alignment with 
business goals (Figure 3).

Figure 3: Information Systems’ Portfolio and Its Strategic Role
Source: Adapted From Kraft (2002)
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IT/IS Selection and Alignment

IT is playing an increasing role in almost 
every company’s business development 
and innovation. In some industries IT 
has been a strategic differentiator for 
years. Then development of strategies, 
processes, products and services should 
consider technological opportunities and 
limitations (a catalyst role). Then an IS/
IT portfolio which supports knowledge 

and intelligence for the core processes 
is crucial for a value-added business. A 
data warehouse is the most appropriate 
‘data center’ or meta-knowledge support 
for it, because it normally keeps data 
from all departments and functions in 
the organization. The following case, at 
Kraft foods group (through Figures 4 and 
5), illustrates an example of IS portfolio 
management and its IT support for a 
value-added business.

1) At the IT/IS level (Selection):

Figure 4: An IS Portfolio and Its IT Support (at Kraft Foods Group)

Source: Kraft (2002)
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2) At the IS portfolio management level (Alignment):

Figure 5: Strategies and IS Support (at Kraft Foods Group)

Source: Kraft (2002)
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It has become fashionable for companies 
to have data warehouse (DW), data min-
ing (DM) and data analytics (DA), but often 
the expectations are higher than these 
data, tools and techniques can realistical-
ly give back. For example, data analyzes 
(DA) allow to identify competitive advan-
tages, however some are not feasible to 
be implemented by the companies given 
the tremendous changes it entails (Ross 
et al., 2013). Companies should begin us-
ing these services realising how to use the 
data and tools they already have. In fact, 
there are few companies that take advan-
tage of their existent data, either few or 
many, to make decisions. It requires having 
a day-to-day practice, throughout the or-
ganization, and a decision-making process 
culture which is based on data. Companies 
must begin to take advantage of their op-
erational data and make daily decisions 
based on them.

A company that does the appropriate 
organizational and cultural change to its 
work processes:

- is more able to take advantage of its data;

- hardly goes back in its decisions;

- can reach a management level which 
is extremely difficult to replicate by its 
competitors.

Furthermore, it gives access to data to all 
its organizational levels in real time; defines 
procedures and reviews them on a regular 
basis considering the day-to-day events. 
Thus, decisions are based on the evidence of 
data (Ross et al., 2013). Such a company also 
empowers its employees, an aspect initiated 
by the most innovative firms. If each de-
cision-maker uses his/her ‘source of truth’, 
then the organization loses energy discuss-
ing the truth and is not focused on decision, 
change, efficiency and improvement.

The Importance of 
Enterprise Arquitechture
Communication is desirable and necessary 
in transferring knowledge in an organization. 
One of the stages of knowledge creation 
model of Nonaka and Takeuchi (1995) is so-
cialization, which arises from tacit knowl-
edge exchange between individuals. The 
shared experiences and their articulation 
consolidate knowledge, creating shared 
mental models and forms of trust. Nonaka 
said that knowledge is created by individuals 
(an organization cannot create knowledge 
without individuals), and the organization 
has a role in expanding the knowledge cre-
ated by its individuals and transforming it 
into organizational knowledge.

System analysts deal more with the need 
to synchronize views in having dialogues 
with the entities that request them for sys-
tems’ development. In order to do this, they 
use models to represent the reality they 
need to appreciate, like a structured design 
or architecture, to quickly explore and find 
a solution (Ambler et al., 2005). Ontologies 
have been increasingly used as the mod-
els that represent a set of concepts within 
a domain and the relationships between 
them, in order to infer on the objects of that 
domain. Ontologies generally describe in-
dividuals, classes, attributes, relationships. 
They are used in artificial intelligence, web 
semantics, software engineering and infor-
mation architecture, as forms of represent-
ing knowledge about an event.

New computing paradigms, given the 
speed of change they cause in business 
processes, should be increasingly ad-
dressed using the enterprise architecture 
approach (Spewak and Hill, 1992). Enter-
prise architecture (EA) consists of defining 
and understanding the different elements 
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that shape an organization and how those 
elements are inter-related (Sousa et al., 
2006). In particular, EA provides a strategic 
context for the evolution of the IT system 
in response to the constantly changing 
needs of the business environment (Pal-
li and Behara, 2014). It raises the impor-
tance of identifying and analysing enter-
prise processes. The next section concerns 
the contribution that process architecture 
can have to the issue under discussion. In-
formation systems’ portfolio management 
requires an increasing need of modeling 
data and process flows for better discern-
ing and acting at its selection and align-
ment with business perspectives. 

The Contribution 
of the Process Architecture

This concept reflects the concern on draw-
ing or modeling organizational processes for 
a better adequation of IT/IS in supporting 
business needs. For example, Zachman’s 
framework (Table 1) crosses the prospects 
of a company’s management with the sup-
port given by the information systems. This 
approach has also served as internal IS cre-
ation. The resulting matrix of this crossing 
exercise has the following structure:

What How Where Who When Why

   Inventory Process Distribution Responsibility Timing Motivation

Executive 
perspective

(identification)
data types procedures 

and changes
types of 

networks
organizational 

types deadlines motives

Business 
management 
perspective
(definition)

business 
entities, 

relationships

 business 
inputs/
outputs

 locations 
and 

connections
roles, tasks intervals, 

moments
means, 

business 
goals

Architecture 
perspective

(representation)
System

system 
entities, 

relationships

system 
inputs/
outputs

locations and 
system 

connections
roles, system 

tasks
intervals, 
moments

means, 
system goals

Engineer 
perspective

(specification)
Technology

technology 
entities, 

relationships

technology 
inputs/
outputs

locations and 
technology 
connections

roles, 
technology 

tasks
intervals, 
moments

means, 
technology 

goals

Technician 
perspective

(configuration)
Tool

tool entities, 
relationships

Tool inputs/
outputs

locations and 
connections

roles, tool 
tasks

intervals, 
moments

Tool, means, 
goals

Enterprise 
perspective

(instantiation)
Operation

operational 
entities, 

relationships

operational 
inputs/
outputs

locations and 
operational 
connections

roles, 
operational 

tasks
intervals, 
moments

means, 
operational 

goals

Table 1: Zachman’s Framework (Ontology)
Source: Zachman (2008)
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The Zachman Framework is typically de-
picted as a bounded 6x6 matrix with the 
communication interrogatives as columns 
and the reification transformations as 
rows. The Framework’s classifications are 
represented by the cells, which are the 
intersection between the interrogatives 
and the transformations. This matrix con-
stitutes the total set of descriptive rep-
resentations that are relevant for describ-
ing an enterprise. This is a meta-model 
(ontology) which may serve for discussing 
the most adequate IS portfolio for a com-
pany. It can also help the IS portfolio man-
agement, through crossing the perspec-
tives of business with the support from the 
IT/IS needed (Ross, 2013).

For this reason, the modern IS designing is 
more focused on processes – e.g. business 
process modeling (BPM). Besides the 
emerging problems, the cross-functional 
links (interactions) that perform a product 
or service entirely also emerge from this 
modelling. This structure can discuss 
questions like:

- Do you rework and use work-arounds 
because some information is missing or 
inaccurate?

- Do you have multiple ways of doing work 
where one process would be more efficient 
and cost-effective?

- Do you need to streamline your processes 
and reduce complexity?

- Is the market demanding that you cut 
costs and are more agile? (BPMessentials, 
2015)

Process modeling can take up to 6 months. 
Then, the analysis can take another 6 
months after that. But it doesn’t have to. 
A structured approach, which is centered 
on process architecture, uses cross-func-

tional team skills of subject matter experts, 
and the required techniques to analyze 
current process and build a more opti-
mized process. To be fully effective, BPM 
must not be approached as an IT toolset 
only but rather as an environment where 
a business process-oriented view is the 
means of communicating business needs 
throughout an organization (iGrafx, 2016).

Cases From Process-Based 
System’s Approach

Processes integrate the activities that really 
add value (receive inputs and turn them 
into results for the company). A decision-
making culture based on processes helps 
to understand and define the different 
elements that shape an organization and 
how those elements inter-relate inside 
and outside of it (a holistic approach). This 
also helps to envison connecting devices 
in multiple industries such as health, 
automotive and consumer spaces. For 
each of them, the need for devices that can 
report or react to certain things provides a 
new level of convenience, efficiency and 
automation (see Figure 6). For instance, 
healthcare practitioners are closely 
watching the development of this trend to 
see if the Internet of Things (IoT) will be a 
part of their future. Some hospitals have 
begun implementing ‘smart beds’ that can 
detect when they are occupied and when a 
patient is attempting to get up. It can also 
adjust itself to ensure appropriate pressure 
and support is applied to the patient without 
manual interaction of nurses. Another area 
where smart technology can be an asset is 
coupled with home medication dispensers 
to automatically upload data to the cloud 
when medication is not taken or any other 
indicators for which the care team should 
be alerted (Chouffani, 2015).
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Also in tourism, IoT has the potential to 
transform the entire travel experience, and 
many hospitality companies are invest-
ing heavily in this technology, keeping the 
customer at the forefront. The first area 
of tourism is the marketing of the des-
tinations, products and services. Selling 
tourism products and services online is 
not only price-conscious but also an inspi-
ration for travelers throughout the world. 
Digital marketing, search engine market-
ing, mobile and location based marketing 
reach the potential traveler today within 
seconds. The second area is the infrastruc-
ture of the organization which determines 
the readiness to respond to customer re-
quirements. Since more travelers expect 
personalized services, tourism businesses 
should have tools that can store and mon-
itor information that meet the custom-
ers’ needs (Prajapati, 2014). For example, 
mobile keys were already introduced this 
year by some hoteliers (Starwood, Hilton). 
Guests no longer need to wait in line at the 
front desk. A mobile app notifies guests 
when their room is ready. Once at the 
room, guests simply wave their phone in 
front of the lock to open the door. Mobile 
keys increase guest satisfaction and the 

likelihood of a customer booking a room 
through a hotel’s app or a website. Each 
guest can then be monitored by room 
identity, which allows hotels to collect data 
about guests’ preferences in order to of-
fer them a more customized experience 
during their next stay (Lubetkin, 2016). IoT 
also makes it possible to perform preven-
tive maintenance remotely. Malfunctioning 
equipment can be detected and analyzed 
long before it becomes a major issue. 

Thus, these technologies create a smart 
tourism setting that supplies tourism 
consumers more relevant information, 
better decision support, greater mobility, 
and more enjoyable experiences (Gretzel, 
2011; Sigala and Chalkiti, 2014). These 
smart systems can include a wide range of 
technologies such as decision support sys-
tems and the more recent context-aware 
systems, autonomous agents searching 
and mining web sources, ambient intelli-
gence and augmented realities (Lamsfus 
et al., 2015). In smart tourism, technology 
is seen as an infrastructure, rather than 
as individual information systems and 
encompasses a variety of smart technol-
ogies that integrate hardware, software, 

1 - http://www.ele.uri.edu/faculty/kunalm/491_591.xhtml

Figure 6: Wearable Internet of Things1

Source: Niewolny (2013)
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and apps to provide a real-time awareness 
of the real world and advanced analytics 
to help people make more intelligent de-
cisions about alternatives, as well as ac-
tions that will optimize business processes 
(Washburn et al., 2010).

The New Paradigm: 
IoT and Industry

Trends in IoT

In Portugal, the companies (mostly 
SMEs) invest little in research and de-
velopment due to their limited financial 
capacity. A recent CIS (Cis2012) revealed 
that main innovating sectors in the Por-
tuguese economy are research-based, 
knowledge-based or service-based. De-
spite the industry being heavily dispersed 
in Portugal, it should follow emerging 
technological trends for greater innova-
tion and service growth. A relevant trend 
to consider is the widespread use of mo-
bile-online platforms. It has to do with 
the critical role that time and place play 
in modern services. 

The internet expansion and the ex-
ponential number of customers it has 
brought to companies to promote and 
sell their products, has led to the need 
for tools that could help to cope with 
this trend. The overwhelming potential 
of internet requires a more flexible busi-
ness process architecture. When internet 
penetrates all activities, many aspects of 
management and organizational struc-
ture will change. Rapid digital change in 
a society and economy mean more de-
mand for digital skills and competences. 
Education and training must address 
this need, which requires investment 
in infrastructure (eg. broadband, digital 
devices), training for teachers, organi-
sational change and the development of 
high-quality educational resources, in-
cluding apps and software.

Figure 7 illustrates the wave of unstop-
pable growth of the Internet through IoT, 
which brings the confluence between 
people, processes, information and things.

Figure 7: Key Potentials of IoT
Source: RES (2013)
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The five main factors that feed the IoT are:

- the use of assets (cost reduction);

- employee productivity (greater efficiency 
in tasks);

- supply chain and logistics (elimination of 
expenses);

- user experience (increase of customers);

- innovation (‘time to market’ reduced).

The technological trends including cloud, 
mobility, big data and increased process-
ing capacity are driving the economy of IoT. 
This is creating an unprecedented opportu-
nity to connect what was still disconnect-
ed among people, processes, information 
and things (RES, 2013). Then, a question is 
increasingly shaking enterprises and busi-
ness models: how can they deal and profit 
from these opportunities? The information 
systems’ portolio selection and alignment 
can help. Figure 8 shows these trends to-
gether with their potential scale and scope, 
reaching the need of effective interfaces 
for cyber-physical solutions.

Enterprise and information architectures 
can play a very relevant role in dealing with 
the challenges of cyber-physical systems.

Open Architecture for Interface Design

There are many enterprise architecture 
models (EA), and each of them takes a 
slightly different approach. But in every 
model there is an explicit transition from 
business to IT - from goals and require-
ments to applications and systems. 
However, this transition or boundary can 
be less explicit due to abstract business 
process requirements and methods dic-
tated by the new IT tools. User interface 
design and mobile connectivity are show-
ing that the boundary between enterprise 
architecture model and development is 
softening to a zone rather than a line, 
and greater flexibility within this zone is 
essential to get more differentiating out-
comes (Nolle, 2016). 

According to Palli and Behara (2014), unless 
there is an open EA, there will be gaps 
and architecture conflicts such as: lack of 
consistency due to an absence of standards; 
dissipation of critical information and 
knowledge about the deployed solutions; 
redundancy and a lack of flexibility in the 
deployed solutions; non-adoption of the 
next generation technologies; a lack of 
integration and interoperability between 
applications; fragile and costly interfaces 
within incongruent applications.

Traditional EA is a more framework-cen-
tered and tool-driven approach. Most 
of its function is technology-centric and 
defined as a one-time initiative. Applica-
tion building principles are business-con-
strained before they are completed. The 
next generation EA (NGEA) is a busi-
ness-centric, global, agile, continuous 

Figure 8: Cyber-Physical Systems and Apps
Source: Own Elaboration
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and social digital network. Organizations 
adopt latest digital capabilities like social 
web, service-oriented architecture (SOA), 
big-data analytics, cloud computing, vir-
tualization, IoT, etc. These technologies 
are interrelated and fit together to define 
NGEA for an organization (Palli and Be-
hara, 2014).

A business model is shifting from a tra-
ditional EA to a digital architecture which 
addresses networked community capa-
bilities (interacting with users and other 
agents through social media), globali-
zation (borderless enterprise), product/
service innovation (open and virtual in-
novation), collaboration (employees in 
decision-making, mobile work), flexibility 
(to choose technologies, infrastructure, 
applications). See Figure 9.

Figure 9: Next Generation EA Model
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EA results should integrate with business 
planning and focus on business model 
architecture defining business outcome 
metrics. Also, EA program definition 
should not span for years. It should deliver 
business value in months or weeks.

Figure 10 illustrates the importance of 
NGEA for an awareness match: a user’s 
perception and experience lead to the user’s 
expectations that can be captured from 
the sensory input by an enterprise and its 
IT/IS, if they are context aware. Therefore, 
an open EA model should include a model 
of the user driving the enterprise systems’ 
reaction (Schmidt, 2013).
 

In current systems, a wide variety of sen-
sors are used to acquire contextual infor-
mation. Some examples of sensors used 
are: GPS (for location, speed), light and 
vision (to detect objects, activities), mi-
crophones (for data about noise, talking), 
gyroscopes (for movement, orientation), 
magnetic sensors (for compass to deter-
mine orientation), touch sensing (to detect 
user interaction), temperature sensors 
(to assess environments), etc. (Schmidt, 

2013). Other sensors serve to detect the 
physiological context of a user, such as gal-
vanic skin response. Its measures can be 
used to determine skin reactions (e.g. sur-
prise or fear - lie detectors). All these types 
of sensors can be used to feed the enter-
prise systems with context information. 
The quality of the information obtained 
may be improved by using a set of sensors 
rather than just one set. It results into more 
advanced and effective user interfaces.

Figure 10: Next Generation EA and Awareness Match

User Expectations for
Contextual System Reaction

Perceived
Experience

Awareness
Mismatch

Sensory
Perception

User Context-Aware System

Memory
and

Experience

Context-Aware 
Systems Response and Feedback

Perceived
Context

Sensory
input

Model of
the World

Model  
of the

Human



85

To match sensory information with the 
context, perception tasks are done by 
means of machine learning and data min-
ing. It contributes to increasing of the sys-
tem’s understanding and interaction with 
its surrounding environment. This enables 
user interface design which challenges 
business models to become more flexi-
ble, innovative and agile. These IT - cloud, 
wireless, sensors, etc. create systems that 
can act differently in different contexts. If 
they are well designed, they match users’ 
expectations in the context (an awareness 
match). It is also essential that users un-
derstand the varying behavior of the appli-
cation and know how to link it to the situa-
tions they find themselves in.

Context-awareness is a very challenging 
area of human-computer interaction. This 
is very important for tourism projects and 
related business models, by the ability of 
clients to be providers in their own right. 
Also, by having access to every piece of 
information they need to make an informed 
choice about where they go and how they 
experience it. Airbnb, Uber and My Ticket 
are good examples (Tnooz, 2017). 

These trends involve the new digital supply 
networks (DSN) that integrate information 
from many different sources and locations 
to drive physical acts of production and dis-
tribution. The result is a virtual world, which 
mirrors and informs the physical world. By 
leveraging both the traditional and the new, 
such as sensor-based data-sets (unstruc-
tured data), DSN enable integrated views 
of the supply network and create rapid re-
sponses to changing situations. It can then 
be potentially expanded by the capabilities 
of advanced physical technologies, such as 
robotics, drones, additive manufacturing 
and autonomous vehicles. It is relevant for 
connecting stakeholders, smart services, 
waste reduction, and process optimization.

“It is also essential that users 
understand the varying behavior 
of the application and know how 
to link it to the situations they 
find themselves in.”
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Conclusion and 
Future Research

The nature of business processes is chang-
ing, often due to the speed of emergence 
of new information technologies. It brings 
many challenges to organizations, which 
add up to those challenges that have not 
been fully resolved yet. It boils down to 
two main drivers of this paper’s approach: 
there are so many systems and technol-
ogies that organizations are not going to 
make the best of them; moreover, people 
do not continuously tune their visions and 
processes at different levels of the organi-
zation, in order to obtain real-time relevant 
information. These two aspects lead to the 
necessity of a working model (architec-
ture) to plan and facilitate the alignment 
throughout an entire organization, by iter-
atively selecting critical business informa-
tion on time. 

An easy to understand and communicate 
informational architecture of a company 
and its business can help identify the in-
formation, consistent with the company’s 
mission, objectives and critical success 
factors. It is mainly modeled with ob-
jects such as: processes (functional and 
cross-functional, internal and external); 
resources (functional and cross-functional, 
internal and external) and outputs (inter-
nal and external). This supports informa-
tion systems’ portfolio management while 
it helps to identify the requirements for 
those systems in harmony with the com-
pany’s business objectives.

However, given the heterogeneity of ob-
jects and data characterizing them, the 
conversion between structured and un-
structured data is one of the most press-
ing issues. On this subject, the authors 
Carvalho and Ferreira (2001) carried out a 

survey for technological tools assessment, 
related with knowledge management 
and conversion between tacit and explic-
it knowledge. Some of these tools are: 
knowledge portals (corporate intranets 
and extranets); knowledge maps (lists of 
“who knows what”: skills/profiles); EDM 
(Electronic Document Management: cata-
loging, indexing, etc.); OLAP (Online Analyt-
ical Processes for data normalization); data 
mining (advanced techniques to explore 
large amounts of data looking for consist-
ent patterns); among others. 

These tools within this digital transfor-
mation (IoT, cyber-physical and mobile 
systems) can contribute to achieving the 
higher levels of performance within the 
supply chain capabilities. These tools can 
also help to create new sources of reve-
nue by providing new and faster access to 
markets, and supporting the production of 
smart products.
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