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Abstract

Project-Based Learning (PBL) is a very relevant pedagogical model for design and for
engineering education. Not only encourages the acquisition of knowledge on the subject under
study, but also promotes skills such as the ability for cooperation, critical thinking, creative
thinking, communication and responsibility. However, it has also some difficulties, e.g.,
planning can be difficult or students may have different implication degrees. At the evaluation
time, teachers generally evaluate the quality of the end product without consider the process of
teamwork.

This paper presents a method for planning and monitoring projects based on the agile
management framework, Scrum, and on the Concept Knowledge Theory. This method allows,
in a simple and automatic way, to obtain all the information needed to monitor and evaluate a
project.

1. Introduction

Design is the distinctive activity of engineering, and the pedagogical model that promotes
design education is Project-Based Learning (Dym et al, 2005). In Project-Based Learning (PBL)
students acquire some knowledge and skills by working, for a certain period of time, on a
project as a team. PBL facilitates learning by strengthening the teamwork skills required to
entry into a company culture highly oriented to multidisciplinary teams (Mozas-Calvachel and
Barba-Colmenero, 2013).

Students develop a product for a specific target group, working through a given problem, and
evaluating the process development (Blumenfeld et al, 1991). By using PBL, the students dealt
complex issues that require its investigation (Barron, 1998). The students become protagonists
of their own learning. In addition, this method offers the opportunity to work relatively
independently and it culminates in realistic presentations (Thomas, 2000) or in tangible and
observable artifacts that serve as evidence of what they have learned (Rodriguez Montequin et
al, 2013).

There is an extensive literature on PBL (Karaman and Celik 2008; Chinnowsky et al, 2006;
Doppelt 2003; Frank et al, 2003; Atkinson, 2001; Johnson, 1999). However, PBL can be
summarized in four aspects (Filomeno Coelho et al, 2014):



= theoretical courses, seminars, lectures usually accompany the project itself;
= the project work is oriented toward the application of knowledge, but also its acquisition;
= aproject is usually performed by a small group of students (three to five students);

= self-direction and management of time and resources by the students is a key aspect of
successful projects.

The projects face the students into challenges such as design, problem solving, decision making
and research activities. Thus, a major argument for applying PBL is that it is one of the most
appropriate ways to achieve a competence-based education that integrates knowledge, skills and
values (De los Rios et al, 2010). It promotes skills, such as the ability of cooperation, critical
and creative thinking, responsibility, and communication (Moursund, 2003; Chu et al, 2012).

However, this learning framework has also some problems. Milentijevic et al (Milentijevic et al,
2008) pointed that PBL is generally less structured than the traditional approach. Working in a
little or non structured environment can introduce significant side effects. E.g., it is difficult to
clearly identify the phases of design of a project. In addition, the levels of cooperation and
collaboration are difficult to control, making difficult the individual tutoring and evaluation. All
of these side effects have been described by several authors (Felder et al, 1993; Karau and
Williams, 1993; Kerr and Bruun, 1983; Salomon et Globerson, 1987; Dunlap, 2005; Ertmer et
al, 2010).

In this kind of pedagogical model, the teacher's role is that of a consultant, facilitator and
evaluator. The professor has to be able to monitor the activities of the students to guide them
effectively (Hérold and Ginestie, 2011). However, at the evaluation time, teachers generally
evaluate the quality of the final product without considering the teamwork process (Lee and
Lim, 2012).

Moreover, another area of research finds that students reach a deeper level of understanding of
the academic content if they carry out self-explanations of this content (Chi et al, 1989).
Another study (Ainsworth and Loizou, 2003), examines whether there are differences between
students who performed the technique of self-explanation from texts and those who use
drawings and diagrams. The result of this research shows greater efficiency for those students
who learned from diagrams.

2. Tools for monitoring projects in PBL

The aim of this research is to obtain a method that facilitates the scheduling, monitoring and
evaluation of projects in the context of PBL, making clear the work process of a team and
responding to the difficulties encountered in the previous paragraphs. This method can be
compatible with other possible approaches, such as tools for creating groups or techniques of
evaluation.

Scheduling, monitoring and evaluation of a project are activities closely linked, as they are
concepts related to project management. However, the use of project management standards
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such as PMBOK guide, does not seem to be the most appropriate approach for a PBL
environment. These guides are relatively complex and they were basically designed to handle
large projects (Marcelino-Sadaba et al, 2014). Moreover, according to Pant and Baroudi (Pant
and Baroudi, 2007), the PMBOK guide prioritizes hard skills (technical) over soft skills
(human), which is opposite to the concept of PBL.

The approach that has been adopted to address the project management in a PBL environment is
what corresponds to the concept of “agile management"”. According to Hall (Hall, 2012), this
concept is a significant new methodology:

Agile project planning is especially useful for nondeterministic projects, i.e. those where the
final configuration of the product or service being developed is not known at the start of the
execution stage and only reveals itself as a result of subsequent developments. Examples of
nondeterministic projects include research and development, software development, and
pharmaceutical drug development.

There is a parallelism between the idea of non determined projects and the projects proposed by
the PBL. In the last one, the final configuration of the product is not known, only manifests
itself as a result of the activity of the students. Thus, agile planning is especially useful for PBL.

Agile processes meet the challenges of an unpredictable world, relying on the people and their
creativity (Dyba, 2000; Nerur et al, 2005). Thus, this kind of management is based on leadership
and cooperation; it is also based on a tacit knowledge management and informal communication
within an organic structure (flexible and participative encouraging cooperative social action).
By contrast, traditional methods respond to a style based on the control, and they are focused on
explicit knowledge management, in a formal communication, and in a bureaucratic structure
(Dyba and Dingsgyr, 2008). According to Sutherland (Sutherland, 2012), these traditional
methods involve a great number of drawbacks, such as being rigid processes, resistant to the
change, and in which the resulting products can not express the creativity, skills and passion of
their creators. At the same time, they require, for example, that all the good ideas occur at the
beginning of the cycle, when in fact, good ideas can appear at any time.

The agile development have several versions, such as: Crystal methodologies (Cockburn, 2004),
Dynamic software development method (Stapleton, 2003), Feature-driven development (Palmer
et al, 2002), Lean Software Development (Poppendieck and Poppendieck, 2003), Extreme
programming (Beck, 2000) (Beck, 2004), and Scrum (Schwaber et al, 2001).

2.1 Overview of Scrum

Scrum is the most generalized agile development method. It is focused on project management
for those situations where it is difficult to plan, and it is focused on empirical control
mechanisms, where feedback loops constitute the core element. The product is developed by a
self-organized team, by increments, called sprints, starting with a planning and finishing with a
presentation (Schwaber et al, 2001).



Summarizing the process (figure 1), the first thing to do is to define the project requirements,
functionalities or parts (usually named stories), and to assign a time required to solve each one.
Once the stories are defined, they must be arranged in order of importance and preference; this
is the product backlog (the set of requirements that define the product). Then, the team makes a
meeting, which is called sprint planning, to plan and to prioritize the stories. The sprints are
time periods of a fixed length (between one and four weeks), where the team must do the
assigned stories in the sprint blacklog. Finally, the sprint review and sprint retrospective have to
be done. The sprint review is the event in which the results of the sprint are showed. The sprint
retrospective is the meeting made at the end of each sprint in order to evaluate it.

Start

k4
- Product owner
Roles assignation - Scrummaster
- Team

Y

Product backlog
determination

A 4

Sprint planning <

Y

Sprint

4

Sprint review

Y

Sprint
retrospective
b4

Is the project

finished? No » Next sprint
shed!

Yes

End

Figure 1. Scrum scheme



Schematically, the general mechanism is as follows:

= Establish a self-organized team.
= Define the functionalities (stories) of the product.

= Split development into smaller parts with a very specific objective that must be
accomplished in a short period of time (sprint). This objective is the resolution of the
defined functionalities of the product.

The product progresses in a series of sprints lasting several days or weeks.

To implement this mechanism there are three main roles: the product owner, the scrummaster
and the team (Benefield et al, 2009). The product owner represents the customer, the person
who commissioned the project. The scrummater is the team member responsible of the
compliance of the rules of Scrum. Essentially, it is the facilitator of the work of the team. The
team is a small number of people who develops the project.

There are also four types of meetings: sprint planning, sprint review, sprint retrospective and
daily scrum. The last type is a daily meeting in which each team member answers three
questions: What did you do yesterday? What are you going to do today? What problems prevent
you from reaching your goals?

The product backlog is the list of the stories that must be solved during the entire project. It is a
document (a table) that contains descriptions of all the generic requirements or functionalities
that the product must have. It is an open document and it can be changed. It contains estimations
of the required effort (Kniberg, 2007). This work effort is expressed in points.

The sprint backlog is the list of the stories of the product backlog that will be resolved in a
sprint. So, it is also a table that contains effort estimations associated to each story and it is also
expressed in points of work.

The burndown chart is the chart that shows the evolution of the sprint. The horizontal axis
marks the time scale, usually in days, and in the vertical axis there are the points of work. Every
day, the work points that have been done must be marked.

The Scrum is a framework thought to be applied to software development. The idea behind this
paper is that the Scrum can also be applied in any field. The key to use Scrum on any
undetermined project is only the ability to translate it in terms of stories, i.e. parts of the project
that may have a certain identity. The method is flexible enough to define a story according to
the needs of the project team, and it can be redefined or reconsidered between sprints.

Scrum provides structured information presented as tables, such as the product backlog and the
sprint backlog, but also as graphics, as the burndown chart. At the same time, it imposes a daily
activity of updating data, the daily scrum. In the case of its application on an activity of PBL,



this data can be used by participants (students and teachers) to monitor its evolution. However,
there is some information that Scrum does not offer and which could be interesting for the
evaluation of a project:

= Firstly, it may be interesting to note two parallel processes. On one hand, dynamic mapping
between the specifications and the design solutions (the graphical representation of the
process). On the other hand, the generation of unknown objects, whose existence can be
guaranteed by the knowledge that can be discovered during the process.

= Secondly, the participation of each member of the team must during the process be known.

The first point can be addressed from design theory. The second point will be solved using a file
hosting system.

2.2 Overview of C-K Theory and C-K diagrams

According to Thompson and Paredis (Thompson and Paredis, 2010), a design theory is a model
of the act of design that allows the interpretation of the actions of design from a theoretical point
of view. The act of design is a particular action of information processing performed by a
designer. Thus, this is the perspective that must be considered in order to describe the evolution
of the content in a PBL.

During the last decades, several theories have been proposed. Those listed below are the most
representative (Hatchuel, et al, 2011): General Design Theory (Takeda, et al, 1990), Axiomatic
Design (Suh, 1990; Suh, 1999a; Suh, 1999b), Infused Design (Shai and Reich, 2004a; Shai and
Reich, 2004b; Shai, et al, 2009), Coupled Design Process (Reich, 1995; Braha and Reich, 2003)
and Concept-Knowledge theory (Hatchuel and Weil, 2003; Hatchuel and Weil, 2009).

The Concept-Knowledge Theory (C-K Theory) is the most recent theory, is the most general
one and it allows the graphical representation of a design process.

This theory is proposed by Hatchuel and Weil (Hatchuel and Weil, 2003; Hatchuel and Weil,
2007; Hatchuel and Weil, 2009; Le Masson et al, 2010), and it is based on the distinction and
interaction between two spaces (figure 1).

In summarized form;

= The Knowledge space is the knowledge available for a designer (or group of designers) at a
given time. It is composed by propositions whose logical status is known by the designer.

= The Concept space contains undecidable propositions, propositions whose logical status is
unknown and cannot be determined respect to a given knowledge space. These propositions,
called concepts, cannot be stated as either true or false by the designer.



= A designer can develop the initial concept by adding new properties in C using his available
knowledge. This development is called partitioning.
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Figure 1. C-K diagram (Hatchuel et al, 2011)

= When a concept space is elaborated, a designer might use his or her knowledge either for a
further partition of the concepts, or for attempting a validation of a given concept.

= The result of a K-validation is positive when the designer knows that the concept is true.
The result is negative when the knowledge available for the designer allows him to state that
such an object cannot be built. In both cases, the conception ends when the concept has
been validated (or rejected) (Kazakgi, 2013). The process can also continue creating new
concepts.

According to Agogué (Agogué et al, 2014), C-K Theory can graphically show a design activity
by C-K diagrams. These diagrams should include both spaces, show its gradual expansion and
the use of the four operators.

A C-K diagram represents a snapshot of a design situation, i.e., the state, at a time t, of the
activated knowledge and of the several attributes expressed in the process. It allows the
representation of all the different explored ways, at the same time, by using different partitions.
These diagrams allow to represent the design process and they serve as a support for its
discussion. They are also useful for the designer, as noted by the various attributes that define
the object, and therefore they can explain the choices and alternatives taken. Finally, these
schemes allow to the design teams to explore and to coordinate their activities more easily.

The C-K diagrams are particularly important to visualize the processes carried out by students.
In PBL, it can be a tool that forces students to make self-explanation of their processes, thereby
reinforcing their learning.



2.3 File hosting service

In Scrum, a project is conducted by a team. Whether the members of this team share the
workspace, as if they work from different locations, the method should allow to share all the
documents (files) for anyone at anytime. For this reason, it is necessary to have a file hosting
service.

In the case of this study, the file hosting service used is Dropbox. The system allows to store
and to synchronize files online and to share them with others. There is a feature that allows to
know the history of these files. This tool is a record of all the events that have been done in the
system. So, if Dropbox is used as file hosting service relating to a project, it allows to obtain
useful data for monitoring the process. Thus, it provides relevant information to any file: name,
extension, date and time of the change, and the person who has changed it.

This information can be displayed using a table in which the number and the type of actions
made in DropBox, for each member and for the whole team, is indicated. The possible actions
are: add, modify, delete, rename, move, edit and restore files. A table showing the grouping of
activities “add” and “modify” files, compared to “delete” files can also be included. The first
two actions (add and modify) are related to the generation of the content in the project, and the
delete action is related to the elimination of content. The remaining actions are not involved,
just functional. The difference between these kinds of actions indicates the number of actions
that are effective at work. At the same time, this can be graphically represented. For example, it
is easy to show the dates in which a team does some actions, or even the evolution of the
number of files that have been added or changed over time, compared with the number of
deleted files.

By using the recorded activities in Dropbox, many other data related to different aspects of the
work could be shown. For example, the following variables can be displayed:

= Date corresponding to each action type recorded (group and individual).

= Hour for each action type recorded (group and individual).

= Types of files (text, spreadsheet, drawing file) for each action (group and individual).
= Date for each file type (group and individual).

= Hour for each file type (group and individual).

The data presented in this paper is considered sufficient to show the feasibility of the method for
monitoring projects.

3 Method for scheduling and monitoring PBL projects

The proposed method is based on the extensive existing literature on Scrum and C-K Theory.
Broadly, the proposal is to use the Scrum framework to manage a project and at the same time,
to describe, by C-K diagrams, the state of the configuration of the object being designed.



As the project evolves, any development, in accordance with the tools of the method, must be
written down. As a result, the method gives a set of information (the product backlog, the sprint
backlog, the burdown chart, and the event log file hosting system) that is a snapshot of the state
of a project at any time. Moreover, there is a C-K diagram that evolves every day according to
the different solutions proposed to solve a design. It means that there is the tool that allows
monitoring and controlling the project.

This method facilitates the acquisition of information as it is inherent at its operation. If Scrum
is used, then the product backlog is needed and the daily scrum has to be done, as well as other
aspects that form it. If the file hosting system is used, it automatically generates a log. So,
monitoring occurs almost automatically, facilitated by the evolution of the process. The product
owner, the scrummaster, and also the team can access to updated information corresponding to
the parameters of the project. This study proposes a way to present this information using
"monitoring cards".

The monitoring cards contain information that allow to view the status of a project at a given
time. Thus, the tables and graphs obtained in the proposed process of the method (the product
backlog, the sprint backlog, the burdown chart), the tables corresponding to the activity
generated in Dropbox, and the C-K diagrams, constitute the information necessary to monitor
the project. All this information can be concentrated displayed in a monitoring card. This card
can be updated daily and it shows a quick and simplified overview of the state of development
of the project.

The aim pursued with this methodology is neither the result that may be obtained by its
application, nor the quality of the decisions that have been taken, but the potential for
monitoring offered by the procedure itself. The success of a team is determined by multiple
interactions between complex factors that are difficult to evaluate (Rodriguez Montequin et al,
2013).

3.1 Method description

The method (figure 3) begins with a non determined project. It success when there is the
necessity to develop a design project. The other essential element is the definition of the team
responsible of the development. It is recommended that this team is composed of a set of 3t0 5
students.

Then, there is the identification and assignation of the roles, and also the verification that all the
participants have a definite function. The professor can be the product owner. Following, the
first task of the scrumaster is to prepare the file hosting system.

At this point, the working group (the product owner, scrummaster and the team) determine the
product backlog and make the first sprint planning. Afterwards, the team is ready to start the
first sprint. Conducting the sprint involves the execution of the design activity itself. This means
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that it is in the sprint where the application of C-K Theory is done. In the product backlog, the
functional requirements that the project has to solve have been exposed, and it is the starting
point of the design process. The process will start by defining a concept that will be constituted
by a set of initially limited attributes that are propositions in K space. These attributes arise from
the functional requirements set out in the product backlog. The stories that make up the sprint
evolve according to the theory and according the way how the team is able to apply it.
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Figure 3. Method scheme
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The progress of the project is done by successive stages called sprints. Every sprint corresponds
to a new phase of the design process and therefore it is the framework for the use of C-K
Theory. The process continues as follows: the presentation of the first sprint results (sprint
review) and the first sprint evaluation (sprint retrospective). From the point of view of the
design process, the sprint review and sprint retrospective are only functional tasks and they are
not involved in the configuration of the object.

Once the results are showed and the first sprint is evaluated, the start of the second sprint should
be done. That means to proceed in the same way: to make the second sprint planning, to conduct
the second sprint (application of C-K Theory), to present the results of the second sprint (sprint
review) and to evaluate the second sprint (sprint retrospective).

The process can continue with a third sprint, if the project has not been finalized. It is developed
in the same way as above. The process continues until as many as sprints are necessary for
obtaining an end result of the project. The result should be a concept with enough attributes
such as to demonstrate its viability in K space.

Every day, the team and the scrummaster must make a planning meeting, the daily Scrum. In
this meeting each team member must answer three questions: What did you do yesterday? What
are you planning to do today? And, have you any problem that has prevented you to achieve
your goal? At this meeting, the tools for monitoring the project must be updated. First, solved
points must be written down in the burndown chart. Secondly, the records in the file hosting
service must be compared with the answers of the team members. At the same time, the actions
done in the system must be written down. Finally, the C-K diagram must be reviewed and
updated.

All these indicators for monitoring and control are added and updated at the monitoring card of
the project.

3.2 Monitoring card model

The design of the proposed card corresponds to an elongated paper sheet of sufficient size to
allow reading (figure 4). At the top of the file, the date on which the project has begun, the date
of the last update of the card, the name of the product owner, the scrummaster and all members
team, the project name and other information that may be considered of importance (hame of
developer, description, contact numbers, ...) must be written down.

The rest of the card is divided into four columns. The elements of monitoring are put, from left
to right and from top to bottom, in the following order:

= Product Backlog.

= Sprint dates.
= Sprint Backlogs.
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= Burdown charts.
= Activity in Dropbox tables and graphs.
= C-K Diagrams.

= IrSprint 15 dies 44 punts realitzats

= InSprist 16 dies 30 punts realrzats

= drSprn 11 dies 26 punts realitzats
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1. Product backlog 5. Second sprint burndown chart 9. Content files table

2. First sprint backlog 6. Third sprint backlog 10. Type of actions graphic
3. First sprint burndown chart 7. Third sprint burndown chart 11. Content files graphic
4.Second sprint backlog 8. Type of actions table 12. C-K Diagram

Figure 4. Monitoring card
4. Conclusions and future works

In this paper, two research areas have been joined: project management and engineering design.
These areas, although related, do not usually show up together. A method to monitor projects
has been proposed. The monitoring elements are generated from the working method itself. This
method facilitates the set of data necessary to monitor and control a project. A monitoring card
has been designed, which allows a quickly and easily view of the status of a project. This
information can be daily updated.
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The next step is to implement the method in a PBL engineering course. The aim of this
experiment will be to prove the validity of the method. Some questions could be: is the method
really simple? Is it really agile? Can students learn it in a short period of time?

Finally, the monitoring method can be extended in order to monitor other variables that have not
been controlled in this study. For example, the evolution of the costs or an indicator of the speed
at which the different tasks have been done.
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