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Abstract

Purpose: The article aims to critically analyze the project management developed by research
laboratories of a Brazilian university in order to enhance their performance. For this, a critical
analysis was performed to identify existing opportunities about the management of schedules
and resources. Additionally, a software was developed to enable performance improvement.
Design/methodology/approach: The methodological procedures used were literature review,
for a theoretical foundation, and case study conducted with semi-structured interviews,
documentary research, and on-site visits. Through a detailed critical analysis of the laboratories'
management, it was possible to understand the activities developed and map the main
difficulties observed.

Findings: Five plausible points of improvement were identified, namely: reduced teams and
accumulation of activities; team seasonality; centralized management; deviations from projects;
schedule control. Based on the theoretical foundation, it has been proposed adjustments to
minimize the mentioned difficulties that can greatly contribute to better management efficiency
of multiple research projects. In addition, a software was structured based on the proposed
improvements. The laboratories’ performance were monitored for a month and significant
improvements were observed.

Practical implications: The information presented here may be of great value to other
researchers interested in enhancing of research laboratory performance.

Originality/value: The academic literature presents several examples of project management
guidelines application in different organizations, however, there are few studies about the

application of them in research laboratories and how to improve their performance.

Keywords: Performance; Research laboratories; Project management; Schedule management;

Resources management.



1. Introduction

In the international context, innovation is considered a fundamental aspect for the
competitiveness of organizations (Zhu and Cheung 2017; Le and Lei 2018; Salehi et al. 2018;
Ndubisi et al. 2019). Managing innovation processes efficiently and establishing alliances and
partnerships is characterized as the first step towards market conquest and longevity of
companies (Anthony et al. 2016; Ortiz-Villajos and Sotoca 2018; Mazzucchelli et al. 2019).

In this context, the triple helix model stands out, emphasizing the need of interaction
among universities, companies and the government. According to Etzkowitz and Zhou (2017),
the university participates as a source of entrepreneurship, technology and innovation, as well
as research, critical analysis, education and preservation of cultural heritage; Government is
committed to providing resources, funding research and stimulating organizational
entrepreneurship as an incentive to create new businesses.

In the university environment, research centers can be highlighted. They are characterized
as important mechanisms for science advancement, since they may enhance research results
when compared to traditional groups formed solely by a professor and his/her students
(Boardman and Gray 2010). For Gray (2008) and Boardman and Gray (Boardman and Gray
2010) these centers enable the management of large research projects, characterized by
multidisciplinarity and complexity. Authors such as Boardman and Bozeman (2007), Gray
(2010) and Nishimura et al. (2018) corroborate with this viewpoint. There are many existing
research centers in the world and, in general, they are linked to major universities (Grad School
Hub 2018).

In their broad conception, research centers aim to generate innovations through scientific
development, and, in most cases, several projects are developed simultaneously (Lind et al.
2013; Dalmarco et al. 2015). On average, these projects last a predetermined period and
compete for financial and human resources with other existing projects. The results from these
projects are characterized by new knowledge disclosed in the form of scientific articles and
patents (ANP 2016).

When analyzing the situation described in the previous paragraph, it is observed that the
management of a research laboratory, in terms of projects, is similar to the reality of a company
and, through this, guidelines for organizational projects management can be used to boost
search results.

The University of Campinas (Unicamp) have several research centers and, among them,

Petroleum Research Center (CEPETRO) stands out. This center is composed by several
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research groups, among them the Artificial Lift & Flow Assurance Research Group (ALFA
Research Group), which coordinate the activities at LABPETRO (Experimental Petroleum
Laboratory "Kelsen Valente") and the LGE (Laboratory of Flow Assurance) linked to the
School of Mechanical Engineering. These laboratories develop research projects
simultaneously and, therefore, need to optimize their resources management, including people
and equipment. They are characterized as multiproject environments. As in most companies,
resources cannot be dedicated to a single project and must be shared. In addition, managing
schedules and other aspects is also essential to meet deadlines (Cunha and Moura 2011).

Based on the context presented above, this article aims to perform a critical analysis of
project management developed in the previously mentioned laboratories, aiming to identify
opportunities for performance improvement in the light of the literature. Based on the identified
opportunities, a software will be structured to better manage resources and schedules.

In addition to this introduction, this article is composed of four more sections. Section 2
is intended for theoretical background, with emphasis on aspects of project schedule and
resource management. Section 3 is intended to present the methodological procedures. Section
4 is devoted to the presentation of results and discussions, and finally section 5 to the

conclusions.

2. Theoretical background

Project management is a discipline that combine concepts from diverse areas, providing
organizations with the means to be effective and competitive in unpredictable, complex and
ever-changing environments (Ika 2009). There are several authors that related project
management with performance improvements (Cullen and Parker 2015; Larsson et al. 2018;
Jugdev et al. 2019). The manner projects can be managed is a major challenge and the multiple
plausible forms of management are studied by the Project Management discipline. Project
management is an increasingly indispensable competence for organizations (Marques Junior
and Plonski 2011; Patah and Carvalho 2016; Tereso et al. 2019).

Executing projects effectively and efficiently in non-homogeneous environments induces
the search for environment peculiarities, motivations and differences that are shaped by
movements of the project management theme. Currently, the most executed movements,
explored and worked in organizations and relevant in the literature are two: the traditional and

the agile (Fernandez and Fernandez 2008; Edison 2015; Serrador and Pinto 2015).



The line called “traditional” is the oldest one and it is prior to the emergence of new
theories. Although first practices, tools and techniques were developed in 1950, this line is very
lively, current and realistic, consisting of project management guides that provide generic
guidelines for managing any type of project, regardless of size and complexity (Almeida et al.
2012; Eder et al. 2012; Eder et al. 2015).

On the other hand, the “agile” movement is an emerging approach that proposes
principles, actions, techniques and tools called as new, in an area called Agile Project
Management (APM), which has been evolving since the creation of “Manifesto for Agile
Software Development” (Beck et al. 2001; Serrador and Pinto 2015; Azanha et al. 2017; PMI
2017). The Manifesto was written by a group of professionals who proposed methods, practices
and tools to improve project performance, promoting agility and breaking paradigms of the
traditional project strand (Serrador and Pinto 2015; Conforto et al. 2016)

According to Eder et al. (2015), both movements, traditional and agile, differ mainly by
the techniques used. The planning and control actions are similar, thus, the fundamental
differences between the approaches are in the form of execution, characterized by the
techniques.

In addition to these two movements, there are other movements in the literature, such as
Rethinking Project Management, and Hybrid Project Management. The Rethink in Project
Management (RPM) movement, between 2005 and 2012, aimed to rethink projects and their
forms of management in view of the challenges existing at the time and several existing project
management failures. The movement presented a classical approach characterized with the
following characteristics: executability, simplicity, temporality, linearity, controllability and
instrumentality (Cicmil et al. 2006; Winter et al. 2006; Zwikael 2016).

Hybrid Project Management is an evolving movement that began in 2015. This line of
thinking has the prerogative of obtaining tools and practices consolidated on other fronts and
aggregating them, adapting them to a new model. However, it is emphasized that adaptability
is possible as long as the principles and concepts of the tool or practice used are respected
(Conforto and Amaral 2015; Gledson 2016; Hoda et al. 2017). There are some authors, such as
Baird and Riggins (2012), Conforto and Amaral (2015) and Sarkar and Locatelli (2018),
purposed models and frameworks in this line of reasoning that, generally, select practices and
tools from the traditional and agile line. The movement generates development benefits to the
field, providing a different perspective to the mentioned lines.

Focusing on the actions developed in project management, activities associated to

schedule and resources management should be highlighted (Berssaneti and Carvalho 2015; Hu
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et al. 2016; Vargas 2016). The traditional line of project management has an area called
“schedule management”. It provides a plan that represents how and when the project will
deliver products, services and results. Six processes are recommended in a schedule
management: planning; activities definition; activities sequencing; duration of activities;
schedule development; schedule control. Regarding the tools to be used, it may be highlighted
graphics, mathematical analysis, data analysis and compression (PMI 2017).

Charts are an easy, structured manner to view activities, dates, and milestones. Although
there are others such as the project schedule network diagram, the most commonly used is the
Gantt chart. Proposed by Henry Gantt, this chart is a useful and easy tool for presenting time
information about plans and allows the project manager to track activities (Darmody 2007).

Mathematical analysis aims to calculate theoretical start and end dates for all activities.
The results indicate the time periods in which the activities should be started, respecting
resource limitations and other restrictions. Some of the tools commonly used by companies for
this purpose are: Critical Path Method (CPM), Program Evaluation and Review Technique
(PERT), Critical Chain Project Management (CCPM) and Graphical Evaluation and Review
Technique (GERT) (Cooper Ordofiez 2013; PMI 2017).

In the agile management line, there is a paradigm shift, because there is no schedule
management, but the concept of predefined deadline or Timeboxed, coupled with the concept
of continuous deliveries, conducted through iterations (Davidson and Klemme 2016; P.M.1.
PMI 2017).

Defined deadlines are events that happen during the methodology execution, with defined
deadlines that favor and provide agility. These deadlines are: Sprint, Sprint Planning Meeting,
Daily Meeting, Sprint Review and Sprint Retrospective. Sprint is defined as the time of an
iteration, which can last from two weeks to one month, with the expectation of a product
delivery at the end. The Planning Meeting occurs when the team conducts task estimation
activities and equates only what fits during the Sprint period. The most flexible form allows a
management not focused on the entire project, but focused on reduced planning and on what is
required to deliver on the iteration (Conforto et al. 2016; P.M.I. PMI 2017). As the agile line
values transparency and team interaction, in daily meetings, delays and problems are pointed
out by the teams, which enables a monitoring of Sprint's deadline (SCRUMstudy 2016).

In the traditional line of projects, resource management is comprehensive and can be
viewed from several angles, i.e. environmental factors, team building, and team availability.
Regarding the environmental factors of an organization, it is considered the geographical

distribution of facilities and resources, virtual teams, shared systems and even the retention or
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sharing of knowledge produced, for the team itself and other teams (Park and Lee 2014; Kerzner
2016; PMI2017). In team building, there is a need to determine the skill levels required to carry
out the project activities, which competencies, expertise and skills are required, as well as a
project manager (PMI 2017; Turner et al. 2018). In the availability of resources, the availability
of human resources and equipment, as well as their overload are analyzed (Zika-Viktorsson et
al. 2006; PMI 2017).

On staff availability, there are several researches focused on solving dedicated resource
issues such as Resource Dedication Problem (RPD) or Resource-Constrained Project
Scheduling Problem (RCPSP). In general, theories are based on the fact that each activity in the
project requires one or more resources, that can be renewable (available after the task) or
nonrenewable (with prioritized tasks scheduled) (Hendriks et al. 1999; Besikci et al. 2013;
Besikci et al. 2015; Habibi et al. 2018).

In the agile line of projects, the term resource management is not explicit, especially when
the focus is on promoting collaboration to boost productivity and team performance. This line
prioritizes the formation of multidisciplinary teams to avoid the dependency of external
resources to perform tasks, since the necessary knowledge to develop a delivery is contained in

the team (Conforto et al. 2016; P.M.I. PMI 2017).

3. Methodological procedures

This section aims to present the steps conducted in this research. According to Yin (2014), a
case study can be used to analyze specific cases useful for academic community. In this study,
an uncommon project management of research laboratories is presented, which can be useful
for other laboratories in Brazil and other countries. For this, a case study based on interviews
was performed in two research laboratory of petroleum engineering field. Since the two
analyzed laboratories belong to the same research group (ALFA Research Group) and present
several similarities with each other, we consider this research as a single case study. Six steps
were defined to ensure the reliability and replicability of the methodological procedures used.

Figure 1 presents these steps and, in the sequence, they are debated.



Theoretical background
on project management, S Questionnaire S Visits and interviews
and schedule and development laboratories managers
resources management
Critical analysis of the Software development : .
. o . Software implementation
difficulties identified and based on the S
. —> . —> and monitoring
improvement proposals improvement proposals
. . throughout a month
based on the literature from the previous step

Figure 1. Steps of the research (Source: Authors)

In step 1, a literature review was conducted for theoretical foundation on the following
themes: management of traditional and agile projects, schedule management, resource
management and project management in research laboratories. The bibliographic survey took
place with the use of the following scientific bases: Emerald, Scopus, Science Direct, Springer

b 1Y

Link e Web of Science. The key terms used in the literature search were: “projects”, “project

2 ¢¢

management”,

29 ¢¢ 99 ¢

research labs”, “schedule management” and “resource management”, “project
management methodologies” and “management guides of projects”. Besides basing the critical
analysis performed to develop the software, the results from this search was also used to base
the theoretical background regarding the macro thematic.

In Step 2, the instrument for data collection was structured, being the same and all the
study mentioned in this article approved by the University's Research Ethics Committee
(CAAE: 86752618700005404). With this approval, visits, documents analysis and interviews
were made with the managers of the research laboratories (Step 3). These procedures allowed
a better understanding of the activities developed and the difficulties observed in the
management of research projects. The research protocol used for interviews is presented in
Appendix A.

Based on all the theoretical foundation and data collected in Step 3, it was possible to
critically analyze the difficulties experienced and propose improvements based on the literature

about traditional project management, agile projects and techniques for controlling schedules



and resources (Step 4). It is important to highlight that the analysis of the information collected
in the interviews was performed through the technique of “Content Analysis”, according the
guidelines of Bardin (2011). Applied to diversified discourses, it is a technique that seeks to
know what is behind the meaning of words, to analyze the content to confirm the indicators that
allow inferring (Santos 2012). The technique contains the following phases: a) organization of
the analysis; b) coding; c) categorization; d) treatment, inference and interpretation of results.
The completion of Step 4 made it possible to construct Table 1 presented in results section.

In Step 5, software was developed based on the improvements presented in Table 1 and
the needs presented by the laboratory managers. The development aimed to deliver a viable
minimum product, a software, that could contain the project management characteristics with
theoretical framework inputs in the research laboratories segment.

Finally, in the step 6, the software implementation was done. A training was also
performed in order to enable the laboratories members to use the software. The implementation

was monitoring during a month to verify the results and enable a debate about them.

4. Results and associated debates

4.1 Units of analysis

The units of analysis of this case study are the LABPETRO (Experimental Petroleum
Laboratory "Kelsen Valente") and the LGE (Laboratory of Flow Assurance). Both laboratories
belong to the Petroleum Studies Center (CEPETRO) of School of Mechanical Engineering, in
University of Campinas. As previously mentioned, due to their similarities, we considered the
present research as a single case study.

LABPETRO is dedicated to diverse research on petroleum engineering, such as electric
submersible pumps, friction reduction in ultraviolet oil flows, among others. LGE creates
solutions for flow guarantee related problems in petroleum industry. Both laboratories have
students, professors, technicians and researchers, that work simultaneously in many projects,

generating scientific articles and solutions for the mentioned industry.

4.2 Improvement opportunities identified in the laboratories” management
The critical analysis presented in this section and the opportunities for improvement identified
are derived from the data collected through a case study aided by visits and semi-structured

interviews with LABPETRO and LGE laboratory managers. Both managers are experienced



professionals with a great knowledge level about the laboratories features. Additionally, the
semi-structured interviews provided opportunities for these managers to explain in detail the
analyzed issues. Besides this, several visits were made to better identify and better understand
specificities of the units of analysis.

A positive aspect to be mentioned is that the laboratories were already using some project
management practices and tools, which facilitate improvement proposals for the multiprojects
environment. According to the laboratory managers, resources and schedule management
should be the focus of the improvement opportunities, since failures to comply with deadlines
of activities and reports delivery impair the projects and they are a frequent issue in the
laboratories. Totally, five improvement opportunities were identified from the analysis of
laboratories and the analysis of the literature (specified in following subsections). These

opportunities are presented in Table 1 and posteriorly detailed.

Table 1. Improvement opportunities identified in the laboratories” management. Source: Authors

N. Improvement opportunities

1 Reduced Teams and Activity
Accumulation

Team Seasonality
Centralized Management
Project deviations
Schedule Control

D B W N

After the identification of these improvement opportunities and an analysis of the literature
about project management, it was possible to structure twenty-four possible approaches that
can contribute to the better management of the studied laboratories. These were collected from

six areas in the Agile and Traditional Project Management lines and will be detailed below.

a) Reduced Teams and Activity Accumulation

The first improvement opportunity refers to the reduced teams and the accumulation of
activities. The need to have resources simultaneously in the multiproject environment is a
reality and causes competition between activities, especially with unforeseen ones that
eventually cause delays. As an example, consider taking part in bidding for new projects
competing with the execution of ongoing projects, or even unforeseen activities that arise during

that time.



There are several areas that can contribute to this issue. Table 2 presents the approaches
that may contribute to the problem highlighted. Multiproject Management is an area that
presents manners to orchestrate activities fulfillment through scheduling priorities, queues and

adjusting schedules (Besikci et al. 2015).

Table 2. Possible actions for “Reduced Teams and Activity Accumulation”. Source: vide table.

Areas Possible actions References

Act on scheduling, priorities and queues for (Besikci et al., 2015; PMI,

Multiproject activities. 2017a)
Management; Act on resource estimates. (PMI, 2017a, 2017b)
Act on visibility of schedules and activities. (PMI, 2017a, 2017b)

Agile Project Act on the visibility of resources allocated to  (Conforto and Amaral, 2015;
Management; activities. PMI, 2017b)

(Conforto and Amaral, 2015;

Act on the visibility of the projects’ situation.
Schedule PMI, 2017a, 2017b)
Management. (Eder, Conforto, Amaral and
Improve team sense.
Silva, 2015; PMI, 2017b)

In the agile management line with focus on people, the formation of self-organized teams
is proposed. In general, the understanding that the result of each team member's work composes
the whole is essential, as well as the understanding that individual delays can impact the whole
team's results. This form of team integration enables members to focus on all activities. The
sense of team can be developed in several ways, but regarding the studied laboratories, this
development can be done through visibility of activities, deadlines, current status and member
responsible for each activity (Conforto et al. 2014; Conforto and Amaral 2015; P.M.I. PMI
2017).

The activities visibility has other benefits. Activity accumulations by one or more
members, for example, can be easily identified by the manager who will act quickly to equate
and balance the workloads, generating more effective time allocation in the schedules. These
propositions follow the traditional project management guidelines (Conforto 2009; Eder et al.

2015; P.M.I. PMI 2017; PMI12017).
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b) Team Seasonality

The second plausible point of improvement is related to the team seasonality, in which
students stand out. They are selected by graduate programs twice a year, in specific periods.
However, the establishment of research development agreements does not have specific months
to occur. Thus, the teams that are allocated in a project may have activities demands without
new collaborators to execute them. This can even result in delays for projects start. In addition,
project team may lose the team member (student) during project execution. Table 3 presents

some possible approaches to solve this issue.

Table 3. Possible actions for “Team Seasonality”. Source: vide table.

Areas Possible actions References
Integration Act on knowledge management. (PMI, 2017a)
Management;

) (PMLI, 2017a; Stokols et al.,
Act on team development to integrate

Resource management; ) 2008; Vuorinen and Martinsuo,
_ ] new employees quickly.
Agile Project 2018)
Management.

The enter and exit logistics of project team members is related to the team development
curve, presented in the resource management of projects' traditional line (Bonebright 2010; PMI
2017). Team development should be constant and as transparent as possible. If a member leaves
a project, the team must absorb the member's activities and/or knowledge to continue the
project. If members join a project, they must acquire knowledge to do not disrupt the activities
of other members. New members insertion should be done in a gradual, smooth and transparent
manner. The integration of new contributors to the team should have their access to project
documentation, reports submitted, theses, dissertations and articles written by other researchers
in earlier periods. If possible, these materials should be organized to increase their autonomy
and enable them to acquire the knowledge faster. These characteristics are presented in the
traditional line of projects (PMI2017).

Using the agile project management line, meetings should be periodic, for each member
to expose the current situation of their activities, the activities completed, the possible

impediments and problems that need solving. These meetings contribute to the integration of
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new members, especially supporting them to understand the dynamics of the laboratory and to

create a sense of team (Stokols et al. 2008; PMI 2017; Vuorinen and Martinsuo 2018).
¢) Centralized Management

The third opportunity for improvement refers to the centralized management presented in
Table 4. Daily activity management concentrates only on the project manager all schedule
assignments, upcoming activities, overdue activities, team members being charged for
deadlines, developments and report deliveries. For Borges and Carvalho (2014), Toledo et al.
(2008) and PMI (2017), project success requires dedication from the entire company, not just
from the manager. Analyzing the literature, it is possible to observe some discussions that
contribute to the problems associated with centralized management regarding human resources

and equipment, as presented in Table 4.

Table 4. Possible actions for “Centralized Management”. Source: vide table.

Areas Possible actions References
(Conforto et al., 2016; Eder,
Act on team autonomy. Conforto, Amaral and da

Silva, 2015)

Act on visibility of schedules, activities and

Agile Project . . (Hoda and Murugesan, 2016)
Management; responsibles for execution.
Sense of team (Eder, Conforto, Amaral and
' Silva, 2015; PMI, 2017b)
Resource .
management; Regular follow-up meetings. (Cervone, 2011; PMI, 2017b)
Act on the visibility of equipment use allocation (Melton, 2005)
Schedule in projects. ’
Management. Act on visibility of the critical path of the

projects, especially those using equipment. (PMI, 2017a)

Control of projects' change. (PMI, 2017a)
Visibility of projects to all team members. (PMI, 2017a, 2017b)

Regarding actions for human resources, centralized management generates a perception
of non-compliance with deadlines, as it is believed that part of the team is unaware of the
timelines. The team expects the manager to delegate the activities and this overloads the him/her
(Ahimbisibwe and Daellenbach 2016; Hoda and Murugesan 2016). Table 4 presents the

possible actions for this issue.
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In the traditional and agile project management lines, the manager should act as a
facilitator, as a leader, decentralizing activities and requiring results when necessary (Eder et
al. 2015; Conforto et al. 2016). The periodic meetings, in agile format, contribute to the
discussion, because it creates visibility and other aspects already presented. In short, meetings
make it clear to the manager and team members what needs to be done for project success so
that problems and impediments can be resolved quickly with the entire team support (Cervone
2011).

In actions about resources associated with equipment, the manager is responsible for
equating the time of use for each activity. Equipment are robust, high technology and essential
for research execution, but teams must share and use them, respecting planned deadlines. The
early termination of activities, when it occurs, should be advised so that other activities can
start, advancing steps. In short, the difficulties lie in how to orchestrate the use of equipment.

In the traditional line of projects, it is possible to propose the schedules management for
equipment use, showing in which projects they are being used and idle periods. This can greatly
facilitate the scheduling of equipment use. This approach, along with the project's critical path,
gives the manager input to anticipate problems such as underuse or overuse of machines.

Another interesting approach to equipment management, inherited from the agile project
line, is related to the use of a kanban board. This would allow the exposition to all team
members which equipment is being used at the time. The chart would list all equipment names,
team member name cards, and end-of-use date. When using an equipment, the member puts
their name in the "Equipment" row and the “Responsible” column. They also puts the usage
forecast based on their activity in the "End Date" column. This technique is recommended by

Melton (2005).

d) Project deviations

The fourth point of improvement concerns deviations in project scope, presented in Table
5. Since projects are regarding research and innovation, it is common to have deviations for
exploring unforeseen contexts initially. When this happens, managers use schedule planning to
adjust them. If this is not enough, along with the other actions presented, it is necessary to deal
the exceptions with risk management from the traditional line of projects. For risks, it is
necessary to qualify and quantify them, create action plans and involve all stakeholders for
these risks to be known. As an example, it can be mention changes requested by regulatory

agencies, that must to be performed. Another example of risk beyond project control is the
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overdue in an equipment delivery. Currently, post-diversion actions are dealt with justification

procedures and adjustments in deadlines and budget (PMI 2017).

Table 5. Possible actions for “Project deviations”. Source: vide table.

Areas Possible actions References
Act on project risk planning. Quantifying (PMI, 2017a)
and Qualifying risks and Creating Action
Risk Plans.
management; Regular follow-up meetings. (Cervone, 2011; PMI, 2017a)
Periodic deliveries with monitoring and (PMI, 2017b)
Agile Project control
Management. Centralization of administrative activities. (ABGP, 2012)
Easy and centralized documentation for (PMI, 2017a)

administrative issues.

Deviations can be addressed — especially when created by the project’s team — through
quick deliveries over short periods. In agile project management, these periods are called
Sprints, which typically last two weeks, and the team commits to delivering a Minimum Viable
Product (MVP). Constant deliverables make results clear and reduce distortions. If MVP is not
as planned, the suitability time is just Sprint's time, i.e. it is not too late to make corrections and
the costs for corrections are minimized (P.M.I. PMI 2017).

Regarding the deviations related to the manager activities and duties, it was identified
that he/she performs guidance, management and administrative support. Although
administrative support does not add value to the project, it is necessary. As example of these
activities, it can be mentioned the creation of equipment technical specification, according to
the laws and rules; the creation of technical justifications for dismissing suppliers of bids; to
quote equipment price with suppliers; and hire service providers to perform a particular activity.
It is also manager responsibility to maintain dialogue with university administrative
departments to resolve laboratory issues; to perform asset and inventory identification and
procedures; to make adjustments related to computer network infrastructure, servers, and work
environment infrastructure; among other activities that actually compete with the activities
directly related to the projects. In short, it is believed that the manager's time is considerably
consumed by administrative tasks rather than project management. In this sense, a proposal

would be to decentralize the administrative activities, sharing them with the teams, and the

14



follow-up of these activities may be followed by periodic meetings, using once again using
concepts from agile and traditional lines (ABGP 2012).

Another proposal for this improvement point is the training of a laboratory member to be
dedicated to administrative tasks. However, independently of the approach selected for this
issue, knowledge management may be an important support, since it requires the identification,
centralization and organization of documents to facilitate the increase of efficiency on this topic

(PMI 2017).

e) Schedule Control
The fifth opportunity for improvement refers to the control of schedules, one of the main
issues highlighted by the laboratory team. All the actions previously presented contribute to

better control of the schedules, but the actions presented in Table 6 are focused on schedules.

Table 6. Possible actions for “Schedule Control”. Source: vide table.

Areas Possible actions References
Act on visibility of the projects' critical path. (Zancul et al., 2006)
Resource .
management; Regular follow-up meetings. (Cervone, 2011; PMI,
’ 2017b)
Act on activity estimates. (Hu et al., 2016)
Schedule _ o
Management; Deadline predictive alerts. (PMLI, 2017a)
Act on prioritizing activities. (PMLI, 2017a)
Agile Project Improve estimates and plan buffers for (Hu et al., 2016)
Management. research activities, including them in
timelines.

Another item to consider at this point of improvement is the predictive warnings about
deadlines to the team. All team members should be aware of delivery delays before they occur.
These warnings can be done in several manners, such as through a software, spreadsheets, or
even periodic meetings.

Regarding the most appropriate estimation approach for project activities, particularly
innovation and exploration projects, activity term estimates based on the three-point estimates

(Program Evaluation and Review Technique - PERT) and consider organizational assets, if they
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exist. These can support buffers (lungs) identification and better schedule planning (Leal and
De Oliveira 2011; Hu et al. 2016).

Projects’ activities can be prioritized in the schedule. The traditional line of projects
proposes the sequencing of activities in schedule management to subsequently identify the
critical path. However, many activities can occur in parallel and are among a set of activities
that can be performed. Thus, priorities identification enables the team to decide which activity

should start first (Zancul et al. 2006).
4.3 Development of a computational solution from the proposed actions

The proposed actions can provide improvements in the management of projects developed by
LABPETRO and LGE laboratories. To prove this statement, it was decided to group the referred
actions in a computational solution, that is, in a software.

The development of this computational solution was based on software engineering
development practices and methods. The development model used is the iterative and
incremental. Iterative because there is progress through successive attempts at refinement. The
software is enhanced by including details and functionality until the solution reaches a
satisfactory result. It is also incremental because the solution is built and delivered by parts that
comprise the whole. Thus, hypothesis exploration, customer visibility, and early deployment
are allowed (Alshamrani and Bahattab 2015; Pressman and Maxim 2016). The conception of
this model was composed of five steps: Communication, Planning, Modeling, Construction and
Delivery, resulted from a model called waterfall (Pressman and Maxim 2019: 42), as it is shown

in Figure 2.
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Planning Delivery
_ Support

Dellvery 2 Feedback

Delivery 1 — Product core

Project Time

Figure 2. Interactive and Incremental Model (Adapted from (Pressman and Maxim, 2019)).

In the communication stage, meetings were done to gather software requirements. At
these meetings, laboratories environment and business were explained what was expected of
the software solution. This stage is based on interviews, visits and actions presented.

In the planning stage, the strategy and roadmap to achieve the tactical objectives were
developed, i.e. it was established what would be the deliverables and functionalities. It is
important to remember that some of the requirements are common to deal with different
improvement opportunities. Thus, the requirements were grouped into nineteen items. Table 7
presents the relationship between each action and the software functionalities. The indication

(Y32

of an indicates that there is no specific functionality to be developed in the software, but

that the action necessity is met by all other functionalities.
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Table 7. Software Actions and Features. Source: Authors.

Actions

Software Features

Act on scheduling, priorities and queues for
activities.

Act on resource estimates.

Act on visibility of schedules and activities.

Act on the visibility of resources allocated to
activities.

Act on the visibility of the projects’ situation.

Improve team sense.

Act on knowledge management.

Act on team development to integrate new
employees quickly.

Act on team autonomy.

Regular follow-up meetings.

Act on the visibility of equipment use
allocation in projects.

Act on visibility of the critical path of the
projects, especially those using equipment.

Act on project risk planning. Quantifying and
Qualifying risks and Creating Action Plans.

Periodic deliveries with monitoring and
control

Centralization of administrative activities.

Easy and centralized documentation for
administrative issues.

Deadline predictive alerts.
Control of projects' change.

Visibility of projects to all team members.

Apply priorities to activities.

Store estimated time or observed time of activities
and make these data visible.

Visibility to all project members of activities and
deadlines.

Visibility of an activity responsible.

Visibility of activity status and percentage of
completion.

Store documents and other information in the
project.

Store documents and other information in the
project.

Visibility of the activities and the possibility of
taking over the activity.

Present the projects' critical path.

Present the equipment used by projects.

Store data of project risks and make them visible
to everyone.

Store documents and other project information.

Send emails before the activities’ deadlines.
Registration of team members and profile.

Be a web application.

In modeling, the necessary actions are developed to represent the requirements raised at

different levels of abstractions. They are divided into analysis and design models. In

construction, all modeling takes shape through technical coding and tests are performed to

validate the consistency of what was implemented according the requirements presented. The

last activity is characterized by delivery. It is characterized by the time to present to customers
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what has been developed, the requirements implemented, how to use the software, as well as
provide post-deployment support, and gather feedback for new iterations or future solutions.
The software implementation took place without major problems and it was monitored
during a month, in order to identify minor adjustments and empower the users. It is worth
mentioning that the use of the computational solution made it possible to improve productivity
in terms of project management. This result corroborates with the literature (Cullen and Parker
2015; Larsson et al. 2018; Jugdev et al. 2019), that emphasize the role of project management

for performance improvement.

5. Conclusion and final considerations

This article aimed to critically analyze the project management developed by the research
laboratories LABPETRO and LGE of CEPETRO research center of the University of
Campinas, aiming to identify opportunities for improvements in schedule and resource
management. Considering the results presented, it is possible to affirm that the objective was
reached.

The case study, enabled by semi-structured interviews with laboratory managers and on-
site visits, allowed us to understand the activities developed and map the main difficulties
observed. Five plausible points of improvement were identified: reduced teams and
accumulation of activities; team seasonality; centralized management; deviations from projects;
schedule control. Based on the theoretical foundation, it has been proposed actions to increase
the efficiency in management of multiple research projects developed in these laboratories. As
a complement, a software was structured based on the proposed actions. This software was
implemented and monitored over 1 month.

The main conclusion of this study is that there is a great potential for the development of
guidelines to support the management of resources and schedules in research laboratories. It
has been found that the literature is a source of tools, techniques and guidelines that may support
projects from different fields, including those outlined here. Research laboratories have some
peculiarities in relation to the traditional conception of “projects”, since they are “research
projects”. Despite the singularities, however, many tools and guidelines can be applied for these
projects.

Solutions similar to the computational solution presented in this research can be

developed, adapting the software features according to specific characteristics of each research
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laboratory. Researchers can use the findings of this application of a similar software in other
research laboratories to critically analyze and compare with the present findings, enhancing the
literature about this topic.

As a limitation of this research, it can be mentioned the fact that the proposal was
analyzed, tested and implemented only in two laboratories of the CEPETRO Research Center
of the University of Campinas. The difficulties observed in the mentioned environment and the
software structuring was based on these difficulties. However, the difficulties analyzed can also
be present in several other research groups. Thus, the results presented here can be of great
value.

The authors thank the Artificial Lift & Flow Assurance Research Group (ALFA) and the
Center for Petroleum Studies (CEPETRO).

Appendix A

Research protocol used in interviews with laboratory managers

Question 1: What are the main activities developed by LABPETRO-FEM?

Question 2: At the moment, what are the ongoing projects?

Question 3: In general, what are the stages of a research project conducted by the laboratory?
Question 4: Currently, what are the main indicators used for research laboratory management?
Question 5: Is any management theory or method applied?

Question 6: What do you think characterizes success and what characterizes the failure of a research
project?

Question 7: What are the main difficulties currently observed regarding management?

Question 8: Would the implementation of software contribute to the improvement of research
laboratory management?

Question 9: If so, what features should be present in this software?

Question 10: What are the validations required for this software to meet laboratory demands?

Note

To be inserted after blind review.
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