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Abstract. The aim of this article is to introduce the concept of lifecycle
information systems (LCISs), in which the main purpose is to permit the
development of ISs capable of supporting the management of information of an
entity during its whole lifecycle. In order to validate this concept, we outline the
MyHistory which consists in an experimental IS structured in four different
contexts, supporting the information management of persons during their
lifecycle. As the main contribution, this article introduces a new approach for
the development of ISs which can improve the current way of information
management of entities.
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1. Introduction

Nowadays, the development of information systems (ISs) rely on a perspective focused
on the organization [Flet, 2012; Sinderen & Almeida, 2011; Hullavarad, Hare & Roy,
2015]. As a consequence all information about an entity (e.g. a car, a person, a building,
a project, and so on) generated during its lifecycle is normally stored in several ISs of
different organizations. This approach leads to following drawbacks: it is costly for an
actor to gather all information available about a given entity generated during its lifecycle
in different organizations; it is likely finding out data inconsistency about the same entity
between the ISs of different organizations; actors (persons and organizations) are very
dependent of different organizations (e.g. hospitals, schools, public bureaus;...) which
own their data, when they want to access them.

Despite the above-mentioned drawbacks, some applications which support the
management of information of entities at their lifecycle have been developed [Azevedo,
Faria & Ferreira, 2017; Ferreira, Faria, Azevedo & Marques, 2017; Hedberg, Feeney,
Helu & Camelio, 2017]. However, these approaches still perform this task based on
organizational and proprietary perspectives, lacking the support for the information
management of a given entity which outperforms the boundaries of a particular
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organization or context. An exception to this is Kauxhik & Raman [2015] that introduces
the development of a IS capable of manage health information, in a unique single
repository, which can be managed by different organizations.

Innovative products in many times can arise from the combination of different
technologies. But, this situation will only occurs since it is possible generates new
mindsets and conceptual models to provide guidance for new ways of combining the
available technologies [Azevedo, Faria & Ferreira, 2017; Maass & Varshney, 2012; Pang
et al., 2015; Kim & Kim. 2012]. In this sense, the arising of technologies such as internet
of things (IoT), mobile and cloud computing [Bayramusta & Nasir, 2016; Newman,
Chang, Walters, & Wills, 2016; Pang et al., 2015], permit the development of ISs which
bypass the organizational boundaries, as well as, allow the management of information at
the lifecycle of a given entity.

In spite of the development of some approaches to support the information
management of an entity during its lifecycle, these approaches are still at the beginning
of the full potential of exploration of this type of ISs. Thus, it is still necessary the
development of a paradigm which relying on a set of premises is capable of providing a
new perspective to the development of such ISs. In this vein, the purpose of this article is
to introduce the concept of lifecycle information systems (LCISs) and propose a set of
principles to the development of this type of ISs. This conceptual model is validated
through the development of the MyHistory which the purpose is to support the
management of information of persons, during its life. For attaining this goal, this IS
encompasses different contexts and sub-contexts to adequately allow the information
management.

This new conceptual paradigm in the IS realm opens new avenues for the
development of ISs capable to manage information of entities in a level not reached yet.
Additionally, the LCISs point out to the necessity of guarantee the integration of
information in a universal perspective, that is, that all information of an entity can be
stored in a unique repository which transcends a particular organization.

1. Literature Review

1.1.  Organizational focused Information Systems

The majority of IS literature is dedicated to issues related to the application of ISs in the
organization. From a historical perspective, the first IS arise with the purpose of support
the execution of operations in the organizational silos, where it was common the
replication of the data of the same entity in several ISs available within the organization,
dedicated to supporting each specific functional area or department. These systems were
termed as legacy systems, and due to no integration of their information, they typically
generated problems as high costs to manage the whole dataset of the organization and
information inconsistency, which refers to the situation where there are different and
incompatible information about the same state of an entity [Dunn Jr., Cobb, Levey, &
Gutman, 2016; Arvidsson, Holmstrom, & Lyytinen, 2015; Hisham et al., 2015; Fu, 2016].

The information inconsistency and the costs of maintaining different ISs in the
same organization have been overcome with the development of ISs named as Enterprise
Resource Planning (ERP) [Marnewick & Labuschangne, 2005; Sammon & Adam, 2005].
Accordingly, the ERPs have incorporated the business process rationale [Koch, 2001]. In
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this way, the ERP “breaks” the departmental barriers, permitting an integrated view of
the several everyday tasks performed in the organization, which is focused on the various
activities required to produce a given output. Though, as the legacy systems, as well as
ERPs are dedicated to manage structured information in an organizational point of view
[Abraham, Junglas, Watson, & Boudreau, 2016; Flett, 2012].

A step in the continuous integration of organization happens when the ISs
dedicated to managing the main datasets of the organizations are integrated with ISs
focused on specific tasks [Hedberg, Feeney, & Helu, 2017] in order to collect data from
real-time operations of the organization, through the use of sensors, and other devices
[Arvidsson et al., 2015].

Another aspect of ISs evolution is the integration between ISs of different
organizations. This type of integration has as main goal to permit the interchange of
information between organizations [Kee-Hung, Wong, & Cheng, 2008]. More recently,
with the emergence of cloud computing, it is unfolding the development of ISs which
allow the information management process of an organization by ISs operating remotely
at the cloud spaces [Ren et al., 2015; Hashem et al., 2016; Bayramusta & Nasir, 2016].

According to the several steps of evolution of ISs reported above, one can be noted
that the emphasis of these ISs is on supporting the everyday managerial and operational
issues of organizations. As a result, these systems normally do not provide functionalities
such as the traceability of an entity (e.g. a product or a customer) whereas it is out of the
boundaries of a given organization. Likewise, these systems normally also do not allow
the management of multiple types of information (structured, textual documents,
multimedia, ...), about these entities.

1.2. New information and communication technologies

The advent of new technologies has posed new possibilities for the development of ISs.
As mentioned earlier the cloud computing consists of the development of ISs which
permit the whole process of information management from a remote space, which can be
maintained by a third party [Ren et al., 2015; Hashem et al., 2016; Bayamusta & Nasir,
2016]. This technology allows the development of innovative applications in different
fields such as health care [Pang et al., 2015; Zhou et al., 2016] manufacturing and
management [Ren et al., 2015], among others [Hashem et al., 2016; Ing, Jagstaidt,
Kossahl, & Kolbe, 2011; Newman et al., 2016].

Currently other important technology is the mobile computing. The huge amount
of mobile devices and their portability allow new possibilities to collect and exchange
information in a fine-grained level. In other words, mobile computing has allowed
pervasiveness in data generation and collection [Maass & Varshney, 2012]. For this huge
potentiality, mobile computing has been used in many situations such as marketing
services [Berman, 2016], at work [Chatterjee, Sarker, & Siponen 2017; Ding et al., 2014],
at health care [Klasnja & Pratt, 2012; Pang et al., 2015] and so on.

Additionally, the concept of the Internet of Things (IoT) presents the ambitious
desire of embed in several concrete objects applications that should be connected to the
internet [Pang et al., 2015; Domingo, 2012]. In this context, a relevant technology is the
wearable, which consists of the use of monitoring devices and sensors coupled with a
body or other object to obtain some kind of information from it. Currently, this technology
is much used in the context of health care information systems [Sultan, 2015; Pang et al.,
2015].
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Accordingly, these three different technologies present new opportunities to the
development of ISs capable of employing more powerful mechanisms of data collection,
as well as the capacity of reaching the highest level of information consistency, whereas
they should be implemented in a perspective which transcends the view focused in a
single organization.

1.3.  Current ISs with Lifecycle Approaches

Besides the predominant approach of ISs focused on the organizational
perspective, recently has emerged a new rationale about ISs focused on the support of the
information management of a given type of entity, during its lifecycle. From the
viewpoint of organizations, these approaches can be classified into three main types,
namely, focused on: i) — the organizational context; ii) — the inter-organizational context;
ii1) — transcending the organizational boundaries. These ISs are described below and its
main aspects resumed in Table 1.

At the organizational context, the information management of an entity involves
the development of ISs capable of managing multiple data types and gathers them in a
unique repository. For instance, Ferreira et al. [2017] outline the development of a IS
capable of managing information of projects, in the context of the automobile industry.
In this vein, Hedberg et al. [2017] introduce a conceptual framework for the development
of ISs for supporting the management of information of products during its entire lifecycle
within the firm.

In an inter-organizational manner Azevedo et al. [2017] propose a framework for
managing virtual manufacturing, allowing the complete information management of a
given project performed by a group of firms. Regarding this, there are presented some
recent approaches in the health context, which the purpose is to integrate health
information between different organizations [Constantinescu, Kim & Feng, 2012; Li et
al., 2008].

ISs which transcend the organizational boundaries are those which are not attained
to a specific organization, or group of organizations. Additionally, this type of ISs has a
virtually unique database which concentrates all information about one given type of
entity, providing what can be named as universal data consistency. This type of approach
is showed at Kauxhik & Raman [2015] who describe an IS which the purpose is to
integrate the health data of a huge population in an Indian state. This IS operates
independently of health agents (hospitals, public agents,...) concentrating in a unique
virtual repository the health information of citizens who reside in this state.

In addition, in the context of management of personal information, recently there
were developed ISs which the function is to manage some aspect of the person’s life, as
digital memories [Dobbins, Madjid, Fergus, & Llewellyin-Jones, 2014], archives
(Guldenpfenning & Fitzpatrick, 2015) and self-control of diabetes [Ayatollahi et al.,
2016]. Still, in this perspective, the personal e-mail accounts provided by e-mail provider
services can be considered as the most used IS approach focused on the management of
lifecycle information about personal messages. Though, these services provide support
only to the control of messages. Despite these e-mail services allow the exchanging of
digital documents, it is carried out in an informal way, lacking proper management of all
information of an individual during its entire lifecycle, nor allowing a fine-grained
management of information based on contexts, what is the purpose of the IS approach
proposed in this article.
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Table 1. Types of current ISs which permit information management in the
lifecycle of an entity

Type of | Main issues References

Current LCISs

Organizational | Controlled by only one organization Ferreira et al. (2017);
LCISs

Control the lifecycle of a given type of entity within the | Hedberg et al. (2017)
context of an organization

Manage the information of an entity which is interest
of the organization

Inter- The IS is generated through the alliance among| Azevedo et al. (2017);
organizational | organizations Constantinescu et al
LCISs '

It is controlled by the group of organization which| 2012; Li et al. (2008)
comprehend the alliance

Trans- The IS is controlled by a third party which offers this | Kauxhik & Raman
organizational | service for organizations and/or persons (2015);
LCISs

IT manages the information of an entity which the | Dobbins et al. (2014);
interest is of organizations and persons abroad which

are associated with its generation Guldenpfenning &

Fitzpatrick (2015)
Persons have direct access to their own information;

The IS reach data consistency in a level which
transcends the organization

Accordingly, it is noteworthy that the management of information about a given
entity during its entire lifecycle will imply in the management of multiple types of
documents [Azevedo et al., 2017; Ferreira et al. 2017; Hedberg et al. 2017]. Additionally,
the entire life cycle of an entity normally involves the generation of data in different
contexts where this entity will interact with others entities and generate new information
[Fu 2016; Hedberg et al. 2017; Pang et al. 2015]. Thus, it is necessary to consider the
necessity to develop ISs capable of support the manipulation of information of entities
during its whole lifecycle, permitting the manipulation of different types of documents in
different contexts.

2. Method

This article uses predominantly the theoretical approach, where the concept of LifeCycle
information systems is in part deducted from the current ISs approaches. As well as other
theories developed in the literature [Chatterjee et al. 2017; Chao; Kavadias, 2008], the
purposed model has the objective of orientate the development of ISs in lights of absolute
information lifecycle management. The concept of LCISs attempt to generalize the
concept of lifecycle information to the different objects of the reality. Additionally other
important concept used in the context of LCISs is the multi-contextual data modeling
which permit to manage information of multiple contexts related to a same object
[ERFANI et al., 2016].
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Other methodological subject of the theoretical model purposed is the set of
guidelines related to the concept of LCISs, which also is based on the deductive logic, in
part based on the literature review.

2.1. The empirical validation

In order to validate the purposed concept of LCISs it was implemented MyHistory which
is experimental ISs whose the purpose is to permit the information management of person
across their lives. In such, it is an experimental case study with the purpose of text a theory
[EINSENHARDT, 1989; Yin, 1994].

This ISs was implemented in a multi-contextual form allowing the management of
information with different formats and subjects. MyHistory was implemented based on
the set of LCISs principles which will be presented in the next section.

The first step to the implementation of MyHistory was the modeling of the data
and functionalities of the system, which will be described in the fourth section. As such,
this IS permit to validate the concept of LCIS which is the main focus of this paper. The
validation event with the laboratorial scale permit to deduct which this type of IS’s
approach is viable to support data of different types of entities, such as humans, buildings,
cars, general appliances, and so on.

3. The principles of Lifecycle Information Systems

Even though it was described above some ISs approaches capable of supporting the
information management at the lifecycle of an entity. To the best of our knowledge, it is
not defined group of principles about the development of ISs focused on supporting the
information management in the whole lifecycle of an entity, guarantying the manipulation
of multiple data formats, semantically organized, in a trans-organizational way, which
results in the universal data consistency and access. The ISs capable of providing these
properties will be termed as lifecycle information systems (LCISs).

Firstly, it is necessary to better conceptualize LCISs, which refers to a type of IS
capable of supporting the management of information of a given type of entity (e.g.
persons; animals; automobiles; buildings; equipment;....) in its whole lifecycle. The basic
purpose of these ISs is to gather all information (structured data, textual documents, files,
images, and so on) about an entity, semantically ordered in a unique information
repository.

As such Figure 1 presents a representation of a LCISs to support the management
of information of persons during their lifecycle. In this figure the LCIS operates in a cloud
space and acts intermediating the relations of persons with different types of organizations
(schools, government, hospital,...)
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Figure 1. An allusion to a LCIS to support information management of persons during
their lifecycle.

Additionally, in this section we present a set of issues which we believe will enable
the development of LCISs. Accordingly, there are proposed three layers of scope for these
systems, namely, infrastructure, information system and information management,
presented below.

a) — LCISs’ Infra-structure

This construct refers to the basic hardware and software framework capable of support
the development of LCISs, regarding aspects as data processing, storage, and
communication.

Cloud Computing Use: The cloud computing technologies [Ren et al. 2015; Hashem et
al., 2016; Bayamusta & Nasir, 2016] should be the basic infrastructure elements in the
development of LCISs. These technologies are necessary to guarantee the development
of a central software with an information repository, which is fundamental in the process
of information gathering, storage and recovering.

Computing Framework: It is required that a central system available in a cloud server,
manage all information about a given type of entity and communicate with apps running
remotely in mobile [Klasnja & Pratt, 2012; Pang et al., 2015] and internet of things
devices (Pang et al., 2015; Domingo, 2012), including wearable ones [Sultan, 2015].

b) — LCISs’ Information System Approach
This construct refers to how the information will be logically manipulated and stored.

Information management focused on a given type of entity: As the name suggests, a
LCISs’ have to be deployed to support the information management of only one given
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type of entity. Thus, some entities whose can be developed ISs according to the LCISs
logic are persons, automobiles, ships, airplanes, buildings, public projects, animals, food,
among others.

Central software: It is necessary the development of a centralized software capable of
managing the information of a given type of entity, maintaining its universal data
consistency. Additionally, this software should be capable of communicating with other
applications.

Unique database: Regarding the prior examples of entities who is possible the
development of LCISs’, one can be noticed that their process of information generation
transcends the particular organizations. For instance, a person during his entire life can
generate information in different hospitals, government bureaus, schools, jobs and so on.
Thus, development of a LCISs’ to give support to the information management of person
should not be restricted to one organization, except that which will provide this system.
In this vein, to manage information about entities during their whole lifecycle the data of
an entity should be stored in a virtually unique database, for further access of this entity
and the organizations which it will have some relation.

Multiple data formats: LCISs may give support for the management of multiple types
of information (textual documents; structured; images; video; real-time data, and so on),
once it will be generated different types of documents and information across the lifecycle
of an entity.

Interoperability: LCISs should be prepared to communicate with ISs of different
organizations, wherein most of the information generated by an entity during its whole
lifecycle will take place due his contact with different organizations.

¢) — LCISs’ Information management

Universal data consistency: In a situation that all information of an entity will be
gathered in a unique point, and it will be guaranteed that for each piece of information
exists only one file, it will be possible to reach the total data consistency. This situation
will be reached because of the elimination of replication of information about the same
entity;

Information access grant, maybe information transfer: Nowadays, due to the
replication of the same information of an entity between different organizations, a
common practice is the transference of information through files, between persons and
organizations, which implies in a continuous and indefinite process of information
replication. In a situation, where all information about a given entity is stored in a unique
database, there is no need to perfom information transference. Rather, in this situation,
maybe transfer information, the agents will grant access to an information which is stored
in an unique data space;

Information Pertaining to the Own Person: Currently the information of persons are
possessed by the organization which they have some type of relationship during their
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lives. For instance, if a person needs documents about his professional career. Instead he
has stored all documents along his career, he should to seek to all organizations where he
worked to gather documents about it. On the other hand, in the context of LCISs,
considering a IS developed to gather all information about persons, the recovering of
these documents can be made directly by the person, as well as he access this mentioned
IS.

Multi-contextual management of Information: Along with its entire lifecycle an entity
will generate information in varied contexts (e.g. a person will relate to health, civil, work,
educational contexts, inter alia). Thus, the LCISs should be able to manage information
in different contexts but organized in a unique structured database.

Trans-organizational approach: In sum, the development LCISs will require that these
systems will be able to receive information and grant access to ISs of different
organizations. Thus, it is necessary an approach to information management which
transcend particular organizational contexts. However, such approach has to be prepared
to deal with different organizations, receiving information and providing access to
information, although it has not been dependent on a particular organization.

4. MyHistory, A LCIS for the for management of personal information

In this section, we will present an instance of a LCIS, deployed in an experimental manner
which the purpose is to validate the principles proposed in the prior section. The purpose
of the MyHistory is to support the whole information management process across the
lifecycle of a person.

4.1. MyHistory architecture

Initially MyHistory was implemented to supporting four contexts of a person’s life,
namely education, health, civil and financial contexts, outlined in Figure 2.

My History

| I
‘ Education ’ ‘ Health ’ Civil m
|

|
l
‘ Biodata }‘ Exams }

Figure 2: Initial contexts and subcontexts considered by MyHistory.
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At the civil context, the purpose is supporting the user load personal documents, for grant
further access permission for organizations which a person will relate. Make part of this
contexts identification documents as the identity card, birth certificate, current address
and so on. The financial life of an adult person can be typically very ample, encompassing
transactions in many situations. Due to this, in the financial context was provided a sub
context which the aim is to permit to a user receiving the documents which prove the
payment of a given bill. The educational context permits a person to load or receive
educational certificates and diplomas. Lastly, it was implemented the context named as
Health which provides the sub-contexts Biodata and Medical Exams. The Biodata, which
the interface is presented in Figure 3, was implemented with the purpose of receiving
real-time data accruing from a wearable device that can be attached to the user in the
sense of monitor issues such as blood pressure, heartbeats and blood glucose index (for
diabetes monitoring see Ayatollahi et al. [2016]. The second sub context, Exams has the
purpose of receiving medical exams of the user, realized in clinical laboratories.

2 My Health Center - Area do usua - o

r! Confira suas medigoes
"

cowaen

B OB W4 1436 EK 300 94t EE 300 @l 14t

My Health Center Q + My Health Center Q + i € SavarMedicoes Q 4+
Ly o
(] s Q)

Figure 3. The interface of the biodata module with real-time data.

4.2. MyHistory Infra-Structure and IS approach

Although deployed in an experimental way the concept of MyHistory assumes that is
possible to support all information management process of a person during his entire life
long. Accordingly, this system was implemented within a unique database. As a database
it was used a relational database management system, to store basic data of a person, as
well as a space to store personal documents.

Figure 4 depicts how the information is managed inside MyHistory. Initially data
is gather from related devices (smartphones, tablets, fitness devices, ...) or manually
inserted by the users or public and private entities. That information is stored in remote
servers, working as virtual databases available through a cloud infrastructure. Finally,
data previously generated may be accessed back by the final users or even by the same
entities.
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Users’ During Their Life Cycle
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Public and Private Entities

Figure 3: Data flow inside MyHistory architecture.

Due to the generation of data in multiple contexts and formats, the MyHistory
receives structured data types about users, and information about the user’s physical
situation. This information is stored in a structured database manner, allowing the
restoring of data plotted in historical graphics. Besides this structured information, this IS
also receive information registered in textual documents (personal documents, payment
recipes, and medical exams), which is in .pdf format.

The contexts are management by only one IS implemented in Java and
PHP/JavaScript programming languages. However, its software interoperates with others,
which operates in mobile phones, and in wearable devices, which the purpose is to collect
biophysical information about users.

4.3. MyHistory Information management approach

Concentrating personal information of citizens (e.g. personal documents; receipt of
payment and so on) within a unique database MyHistory provides what is defined as
universal data consistency. Imagining that the user can stor its current home address in
the system, and that a person during its entire life normally will change his address, and
in many organizations he will register its actual address, the use of this register in the
MyHistory will prevent data inconsistency, as well as, the organization ever would have
access to his updated address. Thus, the universal data consistency presumes a central
database which guarantees the information validity.

Whereas information refers to the meaning of the status of some fact (object or an
activity) in a given moment, it is desirable that there is only an information register to
each status. In practice, due to technological limitations and moreover, the organizational
limitations, it is common the existence of the duplication of information about the same
object. However, the basic assumption of MyHistory about concentrating all information
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of a person in a unique database will eliminate the information duplication. In this
situation is more feasible the permission of access to a given information. For instance,
when a person registers an account in some organization, the supplying of his personal
documents (e.g. identity card, address, etc) can be performed by a permission of access
to these personal documents through the MyHistory, maybe present paper documents or
send digital ones by e-mail. In sum, the permission of access of data is more efficient than
sending them to e-mail because it prevents data replication, and avoids future data
inconsistency, as well as, the information about some entity change its status.

Although the MyHistory comprehend only four contexts, seemingly an IS which
the purpose is to support the information management of a person at his whole lifecycle
will require the implementation of more contexts, with a more deep framework of sub-
contexts.

5. Analysis and Conclusions

This paper introduces the concept of information management at the whole lifecycle of
an entity and the development of ISs capable of attaining this objective. Owing to the
present it is still predominant ISs approaches focused on the management of information
in an organizational perspective. As consequence, the most of the information of many
entities such as persons, cars, properties, among others are nowadays under the control of
organizations, being of difficult access of citizens.

This paper presents a new rationale for the development of ISs, as well as
information management which approaches this drawback. As consequence, its main
contribution is to present the main concepts about the development of LCISs.
Additionally, other important insights like as universal data consistency, the
concentration of all information of an entity in a unique information repository, the
management of information in varied formats and within multiple contexts are also
presented, what permit the envisioning of the huge impact that the adoption of the concept
of LCIFs can have in future of information management.

As validation of the concepts presented it was developed in the experimental and
laboratory scale the MyHistory, which consists of an IS destined to support the entire
information management of a person during its lifecycle. Although it was presented only
a few quantity of contexts, in face of all possibilities of contexts possible about a lifecycle
of a person, MyHistory suggests that is feasible the development of LCISs in the near
future for manage information of different types of entities.

However, it is necessary to note that the development of LCISs will pose many
challenges in different fields. From a technical perspective the development of such
systems will demand improvements in the database modeling and development theory.
Additionally, in the aspects of information security, it is great the damage of improper
access to the information of an entity, whereas security issues are critical to this type of
ISs, so as to ensure information privacy and safety.

Lastly, the development of LCISs poses many social challenges. While the
development of this type of ISs can account to the entrepreneurship of entrepreneurs and
firms which envisage this type of systems as a profitable task, the use of these systems
will depend on the collaboration of different organizations. Another aspect is the changing
logic of information control from the organizational perspective to the person perspective,
which can motivate resistance of some organizations in collaborate to releasing
information of entities, due to the preemption of power lost due to the loss of control of
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information. From the rest, the development of such systems will require firstly the
development of information governance patterns and agreements in the sense of leverage
the interests of multiple agents which will engage in the development and use of LCISs.
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