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Abstract—This paper focuses presents a study of eight years of
cross-course project-based learning (CC-PjBL) in an upper-level
requirements and project management (RPM) course. Project-
based learning (PjBL) is a method of instruction in which
students learn by investigating and solving real-world problems
in and open-ended, time-limited context'. Our instantiations of
CC-PjBL matched paired students in an introductory software
Requirements and Project Management (RPM) with students
in different technology- oriented software development course(s)
to utilize the requirements deliverables created by their RPM-
course colleagues. The paper includes a review of relevant related
PjBL literature, descriptions of our initiative and experience
in applying CC-PjBL to RPM topics over eight years, and the
lessons learned thereof. This paper reports summary experiences
from student evaluations of these courses to evaluate the CC-
PjBL experiences. The discussion also includes problems encoun-
tered with CC-PjBL assessment, faculty participation, and course
hand-off, which may be useful to instructors that are considering
to apply CC-PjBL as a method of instruction and to those that
are currently practicing PjBL.

I. INTRODUCTION

Requirements Engineering (RE) is a critical part of a soft-
ware engineering (SE) curriculum, but is also routinely taught
as a component of computer science (CS) or information
systems (IS) majors [3, 4, 5]. The critical roles played by
RE courses in software development have been emphasized
in multiple studies [6, 7, 8, 9]. RE helps in identifying
the functional capabilities that should be implemented in
a system, so that the system can meet the objectives and
needs of all of its stakeholders, both client/customers and
developers [10, 11, 12]. There is a strong correlation between
requirements engineering and software quality, such that many
software failures are directly and indirectly attributable to
badly engineered requirements [3, 8]. Yet RE faces enormous
challenges in industry, including a poor understanding of RE
practices [13] and shortage of skills [14, 15]; additional
challenges have been identified and discussed in [16].

Requirements Engineering Education (REE) aims to educate
and train professionals to address the many of these issues in

YThere is no consensus in the literature on whether or how to distinguish
PBL (Problem-Based Learning) from project-based learning. To avoid confu-
sion, we use PjBL to clarify that we are referring to Project-Based Learning.
For an interesting discussion of the relationship between PBL and PjBL, see
both [1] and [2].
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industry [13, 17]. Through REE, students can learn the tools
and methods, as well as acquire the skills to elicit, analyze,
specify, and validate software and system requirements [6, 17,
18]. The term ’requirements encompasses all capabilities (i.e.,
functions, operations, behavior, quality attributes, constraints
and features) to be encoded in a software, so as to meet
stakeholders needs [10, 11, 12]. These capabilities are nor-
mally derived from the stakeholders e.g., human beings that
have consequential interests in the system being developed,
including software owners and users [13, 19, 15].

In addition to the technical skills of modeling, analyzing,
specifying and validating software capabilities, REE learning
outcomes should also include social skills and the devel-
opment of professional competencies to enable students to
interact with and manage stakeholders and their expecta-
tions effectively [6, 14, 13]. Some examples of the social
skills we want our students to experience include conflict
resolution, negotiation, social perceptiveness and persuasion
[14]. Technical skills include the knowledge and practice of
requirements elicitation, documentation, modeling, analysis,
change management and negotiation [10].

The basics of these technical skills can be acquired in a
traditional classroom or laboratory with computers and other
learning activities. However, to actually value these skills in
practice [20], or more importantly acquire the associated social
skills, students need the experience of actually interacting with
“stakeholders who are either real or behave in as realistic /
authentic manner as possible. Only if these stakeholders have
a real stake in what is elicited, documented and validated
well, do the students face the whole range of emotions when
interacting with them” [15, 21]. In order to deliver its learning
outcomes and be most effective, REE should incorporate
student interaction with real and authentic stakeholders.

Finding and engaging these types of stakeholders in RE
courses remains a major challenge [21, 3]. One alternative is
to adopt the software internship or residency model [22, 23].
However, the student population typically outnumbers the in-
ternship opportunities available in a local set of industries and
internships settings can limit the ability of tracking learning
outcomes and can limit how students leverage and develop
a breadth RE skills. A feasible alternative to addressing
these limitations and challenges is to incorporate project-based



learning (PjBL) into RE courses.

PjBL is a learner-centered instructional method where stu-
dents acquire knowledge, skills, and experiences by investi-
gating and solving real world problems on more open-ended
projects [1, 2, 24, 25]. The pedagogical benefits of PjBL are
widely acknowledged [24, 25, 26, 27]. Popular among these
are its support for cognition and experiential learning as well
as the ability to engage students and bridge the gap between
theory and practice [26]. Furthermore PjBL helps students
to contextualize acquired skills and knowledge [27] and to
develop creative thinking and problem solving skills [24].
In a typical PjBL setting, students are required to manage
and closely interact with stakeholders to complete a given
project. Such interaction can help students develop profes-
sional competencies [24] such as communication, negotiation,
and persuasion, required for effective requirements engineer-
ing practice. Therefore, PjBL can be beneficial to REE and
help to address some of its challenges.

In REE, one of the major advantages and difficulties of a
PjBL approach is the need for live representation of multiple
stakeholder perspectives. The common viewpoint is that of the
potential user or client of an application or system. Another
key perspective is of the development team, that is, those who
actually need to use the requirements documentation in order
to design and develop the application or system to fulfill the
needs. These two viewpoints have very different needs from
requirements documentation, review for different purposes,
and use the documentation differently. We have utilized cross-
course project-based learning (CC-PjBL) to allow students to
experience both stakeholder perspectives.

Our instantiation of CC-PjBL matches project-based learn-
ing to an introductory requirements and project management
(RPM) course wherein upper-division RPM student teams
are paired with students in different technology-oriented soft-
ware development course. Each pair is expected to deliver
a software product whose stakeholders can be local business
owners, university professors/instructors/staff, or students. The
development course students then engage the project as the
developers of the RE deliverables created by their RPM-course
colleagues. Specifically, we report the summary experiences
from student evaluations of eight years of these efforts, includ-
ing some of the problems encountered in assessment, faculty
participation, and project hand-off. These can be useful to
instructors that are considering to apply PjBL as a method
of instructions and also to those that are currently practicing
PjBL.

II. RELATED WORK

Project-based learning (PjBL) has been successfully applied
to, and benefited, some other courses in the software engi-
neering (SE), information systems (IS), and computer science
(CS) curricula, for instance see [23, 25, 26, 28, 29, 30]. Yet,
we found very few studies [6, 31] that report the application
of PjBL to REE, the challenges and prospects as well as
the lessons learned from such initiatives. Few other related

studies [13, 32, 33] report a software-supported PjBL, where a
software simulation plays the role of client in a virtual project.

Portugal et al report the application of PjBL to their
requirements engineering (RE) course [6]. Students were al-
lowed to choose their teammates and organize themselves into
project teams. Each team plays alternating roles of client,
builder, and auditor. Client teams develop a business need,
problem or opportunity that could be solved using a software.
Then the builder teams perform requirements elicitation and
develop the functional and non-functional requirements that
can be implemented to address the need of the client teams.
Finally the audit teams are responsible for quality control and
inspection of the requirements and solutions designed by the
builder teams.

This approach is similar to the technique used by Liang
and de Graaf in a requirements engineering course at the
University of Groningen. The key difference however is that a
requirements engineering wiki (RE-Wiki) was used to enhance
team collaboration [31]. Both Quintanilla Portugal et al [6]
and Liang and de Graaf [31] applied the role-playing approach
to PjBL introduced by Zowghi and Paryani [34]. The results
and evaluations from these initiatives [6, 31, 34] show that
role-playing PjBL can be beneficial to REE. However, role-
playing is only a substitute for what students can learn from the
experiencing the emotion and resistance of authentic project
stakeholders. In role-playing PjBL, most projects are owned
and initiated by fellow students, who may have (or perceived
as having) no real stake in these projects. Hence, role-playing
PjBL may not be the most effective technique to help students
acquire the social skills required from the RE professional.

Taichi Nakamura et al [32, 33] report a hybrid approach
to PjBL, where role-playing is combined with a software
system and used to educate 4th year RE course. A hybrid-
PjBL approach has also been used to train corporate RE
workers involving role-playing, a business domain expert sys-
tem, and a software agent [33]. Students interacted with these
components to complete a virtual project. In the role-playing
component, students were organized in teams to play the roles
of requirements engineers or business analysts working on a
virtual project. In the second component, a business domain
expert software system acts as the client or owner of the
project. Finally, a software agent plays the role of an instructor
or adviser to the students working on the project. Similarly,
Regev et al [13] used a business game board to simulate real
work environment for experiential learning in RE course.

These related initiatives [13, 32, 33] provide a means
for students to learn RE concepts from a remote or distant
location. But, simulating a client can limit the effectiveness
of PjBL. While overcoming the limits of stakeholder access,
expert systems and game boards limit interaction. Social skills
can be better acquired through interaction with human beings
and a more realistic work environment.

To address these limitations, encourage and support the
application of PjBL to REE, we have implemented Cross-
Course Project-Based Learning (CC-PjBL). In contrast to
existing approaches, CC-PjBL allows students to interact and



experience emotions from multiple stakeholders, who are real
and authentic. Additionally, in CC-PjBL we require students
to complete real world projects to be used by local businesses,
charity organizations, business units within the university, or
students organizations. By collaborating to work on real world
projects with multiple stakeholders, including a development
team, students can acquire the necessary professional skills
and affect required of contemporary requirements engineers
or business analysts. In the section that follows, we describe
our CC-PjBL approach.

III. DESCRIPTION OF CC-PJBL

CC-PjBL is the means that we use to translate two sets
of related software-engineering materials, namely introductory
requirements engineering and introductory software project
management into active, experiential learning experiences.
This hybrid course is titled (Requirements and Project Man-
agement). The mechanism is to find stakeholders with Mj-
ligheter [35] (opportunities and/or problems) for which the
faculty-of-record can find cooperating faculty-of-record teach-
ing appropriate software development courses in our institu-
tion. For these development courses, different approaches have
been tried, but the important constraint to scaffold for the
RPM students is that there is a course where they will be
able to help recruit a development team capable of producing
a prototype. Typically these are web or mobile-application
development courses, occasionally user-interface design or
software maintenance courses.

COURSE DESCRIPTION

Focusing on the management of software requirements and
projects, particularly teams and stakeholders,
the course includes coverage of requirements elicitation, analysi
documentation, and negotiation. It also includes the roles and
methods of effective technical project management.
Typical coverage includes the cost of quality,
and its implications for requirements and project management.

Fig. 1: RPM Course Description

From a content-delivery perspective, the first phase of the
course focuses primarily on RE tools and techniques, while the
second phase of the course focuses primarily on quality and
PM course outcomes. The course outcomes for both aspects of
the course are shown in Figure 2. These four course outcomes
emphasize skill in applying RE and PM knowledge.

AT THE END OF THIS COURSE STUDENTS SHOULD BE ABLE TO:

Understand Utilize
the role of Apply verification Understand
requirements requ_ireme_nts and validation\ | {pe roles and
elicitation, engineering techniques to methods of
analysis, techniques to improve /monitor effective
documentation the development the quality of software
and negotiation of a software project roject
in product specification deliverable mal:mjement
development -

Fig. 2: RPM Student Learning Objectives/Course Outcomes

Normally in traditional REE, students focus on the devel-
opment of a software specification. With PjBL, the difficulty
with live stakeholders is that they normally want more for the
investment of their time - they want a prototype or testable
system, or user-interface design that they can use for testing
usability and/or attracting funding - not a just a student-
generated specification of questionable quality.

This is a difficulty in REE - assessing the quality and
usefulness of the student-developed specifications. Without
development stakeholders immediately tasked with building
something from the specification, it is significantly more
difficult to review their work well, or to find others who have
a sufficiently vested interest in the quality and completeness of
their specification. CC-PjBL changes this, as the specification
has vested stakeholders - the development students who are
tasked with building a prototype or testable UI Design from
their requirements. Other students, who have their own moti-
vations to do good work, or have a good team project in their
development course, care that they build what the customer
wants.

The hand-off of the requirements specification to the
development team is a key learning milestone. Most often,
the development teams come back with significant questions,
and are often very critical of what the RPM students
thought were good specifications. This also sets up key
REE learning in both the difficulty and value of clear
and concise requirements, as well as the importance of
effective requirements change management. Another key
professional skill that this helps develop is the process of
negotiating when the development on the project actually
begins - the sooner the first specification hand-off starts,
the sooner the development team can start their work and
get their team organized; but this also means that there is
less time for exploring requirements. This is an important
trade off and ’schedule’ negotiation is one of the reasons
that both RE and PM topics are covered in the course.
"Product’ requirements are the focus of the specification
but the ’Project’ requirements affect the project, especially
the when, who and how of the tasks. In the RPM course,
as in many types of projects, experiencing the crossover
between project and product requirements is often rather
blurry, and also one of the motivations for CC-PjBL approach.

The second part of our RPM course covers introductory
project management topics starting from project initiation
to project closure. Topics include risk management, quality
assurance, task and work-package identification and planning.
Project management knowledge areas (PMKA) and PM life-
cycle (PMLC) models are also covered. The PM part of the
course usually starts immediately after hand-off, so that RPM
students will become project managers of the development
team; thereby getting practical PM experiences. During the
development phase, the RPM students are expected to orga-
nize joint project planning meetings (JPPM), develop work
and requirements breakdown structures (WBS/RBS), identify
project risks drivers, and develop and periodically update a



project risk management plan. Additionally, we expect them
to negotiate with their development teams and develop plans
for both product (software) and process quality. In the last
phase of the course, the students are expected to help manage
the product or its prototype. Finally, each project group needs
to arrange for product demonstrations and hand-off to the
customer (as appropriate), and prepare and submit a project
report for assessment.

The PM portion of the course is the portion of the course
with the most risk. Once their project starts, the RPM stu-
dent teams are immediately put into a ’matrix management’
situation where they have no real authority over the other
students who are doing the development, and may or may
not have any relationship with the faculty-of-record for the
development development course with which they are paired.
But it is exactly this sort of unscripted difficulty that makes
the students’ experience both rich and rewarding; Their project
may fail, through their mistakes or the mistakes of others. The
project may also succeed if they learn to navigate the particular
personalities and issues of their project, not just a scientific,
classroom application of particular RE or PM techniques. For
RPM instructors, finding the correct level of scaffolding to
allow the project to have good potential for success, but also
leave the responsibility to the RPM student managers is one
of the more challenging aspects of the CC-PjBL approach.

A. Managing CC-PjBL

Managing a course potentially running multiple student
projects with multiple stakeholders can be difficult. Managing
that in coordination with potentially multiple other faculty
teaching other courses is harder. Our experience is that
while students often have potential stakeholders for prototype
projects, it is necessary that the faculty-of-record find and
groom stakeholders and projects for use by the students.
Similarly, it is important to have developed relationships with
other faculty teaching development courses that have end-of-
course projects of more than just a few weeks duration.

In our institution, we are particularly blessed in that most
development-oriented courses use small-team course projects
as part of their pedagogy. Multiple courses that could po-
tentially incorporate and RPM project run every semester.
Our FA semester usually has at least one web-development
course, an i0S development course, a usability/user-interface
design course, and a software maintenance course that have
the potential for hosting one or more RPM projects each.
Our spring (SP) offerings normally have at least one web-
development and one Android development course that can
accommodate RPM projects. The key to establishing the cross-
course collaboration is to get the agreement from the faculty-
of-record for each of the development courses, and to under-
stand their plan for how projects will run in their course(s),
when they allow the students to start on their projects, and
how they want to assign students to projects. These decisions
are always left to the faculty leading the development course
to determine for their students.

Integrating an RPM project into a development course re-
quires effort. The advantage to the faculty leading development
courses is that the RPM students are responsible to identify the
problem and manage the clients for the project. This allows
their development students to focus on the technical aspects,
which are typically better aligned with their course outcomes.
The disadvantages include: 1) having to work with another
faculty’s timetable, typically not available until right at the
start of the semester, and 2) having to address questions and
issues from the RPM students working with their students.
For students in the development course(s), there is always
the potential that they are also taking the RPM course. The
normal rule is that students are not allowed to be on both the
requirements and the development sides of the same project.
This has an advantage, in that development students who are
also RPM students have another channel of communication
with the RPM students managing their project.

The basic order of steps for the cross course collaboration is
presented in Table I. The pre-course work includes recruiting
project stakeholders, and finding development course faculty
willing to consider one or more RPM projects for development
course projects. These dev teams limit the projects available to
the technologies used in those courses. At the beginning of the
RPM course, the faculty introduces the available stakeholders
as well as the available development technologies. Subject
to faculty approval, students are encouraged to propose other
projects for which both live stakeholders and suitable devel-
opment teams are available.

TABLE I: Cross-Course Coordination Steps and Milestones

Week RPM Activity Dev Activity Responsibility

-? Recruit project - RPM faculty
stakeholders

-1 Agree to collaborate Both faculty

1 Introduce stakehold- - RPM faculty

ers & technologies
1-2 Form RPM teams -

RPM faculty
& students

2+ Elicit requirements - RPM students

4-5 Project proposals RPM students

5 - Project & team | Dev faculty &
selection students

5-6 Model review & requirements hand off RPM students

7-9 Initial planning & project Kickoff Both students

8+ Proj management & - RPM students

requirements change
8+ - Proj development
14 Project closure & reporting

Dev students
Both students

At this point, RPM teams are formed around the available
projects, normatively 3-4 students per RPM team. When there
is more than one project available, a student voting scheme is
used, where students select their top 3 projects, and the RPM
faculty assigns student teams they think will be successful.
With teams formed, they then begin the requirements work:
planning for, identifying and meeting with project stake-
holders. Usually a requirements model plus an initial scope
statement are early deliverables. Around week 4-5, these are
turned into ’elevator’ talks to introduce the project and to
the collaborating development (dev) courses to help recruit



development teams. At this point, the collaborating dev faculty
assign students to the RPM projects. In some cases, this is a
complete match - all students in the development course are
assigned to one of several RPM projects. In other cases, the
RPM projects are among others eligible for use in the dev
course. A requirements hand-off is scheduled, where RPM
students hold a formal or informal review of their current
documentation with the development team. This usually leads
to questions and changes. Around mid-semester (apx. week
7) the initial planning for the project and a project kick-off
is scheduled. These may be pushed back in the semester,
depending on when the development faculty actually wants
their students to begin work on the project, but typically
kickoff takes place before week 9. After project initiation,
the RPM team proceeds with project management, further
requirements work, and managing requirements change and
product quality activities. The development teams proceed
with building prototypes from the negotiated requirements,
using the techniques and technologies of their development
course. Development continues to the end of the semester,
when an integrated prototype is presented by each team in
their respective course. Then each team completes the project
report(s) and reflection(s) expected in their respective courses.

B. Retrospective on CC-PjBL

The RPM course originally started as a small lecture/activity
course focused on the core knowledge content of requirements
engineering and project management. The initial two instances
of the course did not have integrated projects. Consistent with
the findings in the literature, these courses had mixed reviews
from the students in terms of their effectiveness. CC-PjBL was
first tried in SP 2009 to overcome the teaching-and-learning
issues encountered in the first runs of the course. The origins
of the cross-course course collaboration were in a small single-
project course, where the number of students worked together
to build useful requirements models and specifications, and
manage a project to some form of prototype success.

As shown in Table II, the first several years that the course
ran, it was with a single cross-course collaboration on a
single project within the development course. In many cases,
these were web development courses, and instructor for the
development course would subdivide the requirements and/or
components across small teams within the course, with the
intent of having students integrate each other’s code, and the
RPM team there to help the development teams organize and
integrate their work, supporting the development instructor in
tracking the various teams’ work. As enrollment expanded, in
SP’13, a new model was attempted, where the RPM students
were assigned to three different projects, each of which was
assigned a development team in a single course. In this case,
there were other small-team projects within the development
course, but three were managed by the RPM students.

As Table II shows, this changed radically when the course
was opened up as an introductory graduate course in FA’14,
and the enrollment jumped to 26. Now the project needs
were much more significant, and three different courses were

recruited to include one or more RPM projects. With these
next offerings of the course, communication with the devel-
opment faculty members was mixed; some projects worked
significantly better than others corresponding to the strength
of communication with the development faculty. RPM team
sizes were generally kept to 3-4 students, and generally
corresponded to the team size in the development course.

TABLE II: RPM CC-PjBL Sections 2009-2016

Section Year Instructor Enrolled # Projects # CC
SP ’09 Frezza 5 1 1
SP 10 Frezza 5 1 1
SP 11 Frezza 9 1 1
SP 13 Frezza 2 3 1
FA 14 Frezza 26 7 3
SP 15 Frezza 32 5 2

FA (x2) ’15 Vitolo 43 11 3

SP-1 16 Grande 15 4 2
SP-2 ’16 Frezza 11 3 2
FA 16 Nwokeji 21 5 2

Historically, as Table II indicates, we’ve managed with as
many as two different RPM instructors, as many as eleven
different RPM projects and with as many as three different
development courses collaborating. One of the most difficult
aspects of maintaining the CC-PjBL has been maintaining
the collaboration relationship with suitable target development
courses. While this has been easy with faculty who’ve taught
the RPM course, this has been less consistent with faculty
unconnected to the course. Faculty turnover has also been a
contributor to the problem.

IV. DATA COLLECTION

To evaluate our CC-PjBL approach, we extracted data from
our institution’s course evaluation tool (EvalTools) for analy-
sis. Towards the end of each semester, students are expected,
but not required, to complete survey questions regarding the
course effectiveness. In Figure 3, the lower line shows the
number of students that completed the survey while the upper
line shows number of students registered for that section.
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Fig. 3: CC-PjBL enrollment and survey response rates

Comparison data from course evaluations for eleven dif-
ferent RPM sections offered over a period of eight years
are shown, including the first CC-PjBL attempt in 2009.
Relative to CC-PjBL, five questions were selected to rate the



effectiveness of the course and to understand if/how our CC-
PjBL instructional approach has been beneficial in achieving
the instructional objectives. The five survey questions corre-
sponding to these components were:

1) How would you rate the overall quality of this course?

2) How would you rate the faculty’s overall performance in
this course?

3) How would you rate your overall learning experience in
this course?

4) How effective has this course been in achieving its in-
structional objectives and/or student learning outcomes?

5) Compared to other courses, the amount of work required
in this course was:?

For each of these questions, students were required to select
one response from a list of five options ranging from a highest
value to the lowest value. A sixth N/A (’not applicable’) was
included to allow for questions that students choose not to
answer. Answer prompts matched the questions, e.g. ratings
as "Excellent’ (5) to ’Poor’(1) or ’Highly Effective’ (5) to
"Ineffective’ (1). Along with sets of qualitative information,
as these on-line surveys were double-blind, students were
encouraged to provide qualitative feedback as well.

V. FINDINGS AND DISCUSSION

For the past eight years, we have educated 169 students in
our RPM CC-PjBL course. The major rationale for combining
requirements engineering topics with project management was
to enable our students acquire the RE and PM knowledge,
skills and affect necessary to manage software development
project. Three questions relate to the perceived quality of the
course, which we used to evaluate the course over time. Using
a weighted scoring of a ’5’ for excellent and a ’1’ for poor,
an overall trend per section presented in Figure 4 depicts
differences over the 11 RPM sections ordered by time.

Fig. 4: Overall Student Evaluation Over Time

What was most obvious in Figure 4 was a ‘ramp’ up in
the first runs of the course. This was expected with a new
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technique, and the faculty learning how to manage the student
expectations and quality of the experiential learning. The other
interesting aspect is that even with a large jump in the number
of projects, collaborating courses and faculty new to the course
and to the CC-PjBL approach, the student experiences did not
appear to suffer greatly, and the overall evaluations remained
better than the first runs of the course.

Another analysis view was to look at all eleven cohorts as
a whole. Our analysis examines results from one hundred and
thirty eight (138) students who took the survey, representing
the one hundred and sixty nine (169) students registered for the
course. Figure 5 depicts the aggregate eight-years of responses
from all eleven sections.
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How would you rate the overall quality of the course?
How would you rate the faculty's overall performance in this course?
¥ How would you rate your overall learning experience in this course?

How effective has this course been in achieving its learning objectives?

Fig. 5: Overall Student Evaluation

Among the more interesting information, this figure shows

hat 82% of students agreed that the course was effective or
very effective in achieving its instructional objectives. We were
also not very surprised on the response in Figure 5 where
419% of the students agree that the amount of work required
o complete this course was very high, while 39% said high.
Furthermore, 47% rated the overall quality of this course as
excellent. Similarly, 46% of the students reported their overall
earning experience was excellent, while only 2% reported
poor.
The qualitative data shown in Figure 6, consistent with the
overall data in Figure 5 shows that students acquired core RE
and PM skills, with room for improvement, particularly with
the student workload.

From the data presented in Figures 5 & 6 we report the
following findings:
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feel that our project was rished at the end [semester to both do book worl and

of the class manage 4 class.

Spring 2013

project during semester benificial information

Fall 2016
Mot enough resources to complete course [The course is too long, there is some not

wasn't thourough in explaining key
definilivns and lopics.projecl managemenl
book was excellent choice

Spring 2015

I'he text books are good but they are very
detalled

Fall 2014

long because we have to study two books |assignments,
with 23 chapters from one book and 9
chapters from another book

and ambiguous

Spring 2009
This course is excellent but 1 think it is too | Little to no feedback on individual

Multiple choice on exams are unclear

Fall 2014
T think, we have more than 16 assignment
during class , that's too much for each
student because we have to do assignments
for another class too.

Fig. 6: Positive and Negative Sample Comments from RPM Students 2009-2016

(a) The CC-PjBL instructional approach appears effective
in achieving our RPM course outcomes. As shown in
Figure 4 and the aggregate data in in Figure 5 85% of
the students agree to this. This is also supported by the
positive comments in Figure 6.

(b) The faculty that delivers the learning outcomes of our
RPM have consistently shown excellent performance over
the years. This is supported by the chart in Figure 5 where
53% of the students rated faculty’s overall performance
as excellent, while another 33% rated it as good with
only 1% rating it as poor. We acknowledge that this
is remarkable, because despite the recent shortage skills
and lack of RE professionals and educators [14, 15], our
institution has consistently identified and retained faculty
with greater efficiency in delivering RE and PM learning
outcomes.

(c) The overall quality of our course and its instructional
approach as well as students overall learning experience
are very good. As shown in Figure 5, 47% of the students
rated the overall quality of this course as excellent, while
34% rated it as good. This is very similar to the rating

for student overall learning experience in our course.

A. Challenges

Results from our data collection and analysis show that our
CC-PjBL approach can benefit REE in many ways, especially
in achieving course objectives and outcomes. Yet, the follow-
ing challenges should be addressed in order to achieve optimal
results:

(a) Identifying projects with real-stakeholders: Stakeholders
are central to requirements development, they are the
owners and users of the requirements being elicited
and thus the software being developed. For students to
acquire the interaction, social, and other skills through
RE-PjBL, they need to interact with people who have
real and authentic stake in a project. Finding such people
is a major challenge in our RE-PjBL course. Without
scaffolding by the instructors in advance, it takes students
more than 3 weeks to identify a stakeholder with project.
This is a considerable delay relative to the the total length
of the course.



(b)

©

There are multiple project owners that our students cur-
rently depend on for projects. These are local business
owners or charity organizations, functional units within
our university, professors or staff, and students. Yet,
these are not always guaranteed. Most local businesses
and charity organizations require software to streamline
business operations and transaction. But due to funding
constraints, they usually do not initiate such projects, even
when our students send proposals to them.

Finding development-course instructors: Collaboration
with other faculty, especially those that teach software
development related courses, is central to the success
of our CC-PjBL approach. We depend on these faculty
to organize the teams of students in the corresponding
development courses, map each team to a corresponding
team in our RPM course, and be willing to attend
stakeholders meeting as well as contribute to the overall
success of the project. Without the involvement and
commitment of development course faculty and students,
our approach can hardly be successful. Yet, over the
years, we have experienced great difficulties in finding
other faculty who are willing to collaborate. One reason
is the time, effort and risk required for CC-PjBL. Some
development faculty may find it easier for students to
work on hypothetical project, which involves little or
no meeting with stakeholders, and thus lesser resource
consuming. It is more easier when the RPM instructor is
also teaching a development related course, however this
is not always the case. Hence, other institutions and REE
instructors who desire to try our approach, must first and
foremost find and convince other faculty in development
related courses to collaborate and provide the teams of
development students.

The workload line in Figure 5 and some negative com-
ments in Figure 6 shows that our approach involves a
greater amount of workload when compared with other
instructional approaches. One reason for the relatively
higher workload is because this is a hybrid course that
covers learning outcomes and contents from both RE and
PM. As students are expected to read two textbooks, this
adds to the workload. Furthermore, students are required
complete a software requirements development project -
including scheduling and traveling to stakeholder loca-
tions, and dealing with the reality that stakeholders cancel
or reschedule meetings, change requirements often, and
can become difficult for students to manage. While ex-
cellent ’real-world’ learning experiences, students often
find these situations frustrating and time consuming. We
agree with this evaluation, and continue to work to reduce
the workload without watering-down the experience.
Overall, the data from these course evaluations does
not show results for many interesting questions, such as
the effect of these RPM projects on Capstone and MS
projects that usually follow. While anecdotally several
projects each year get translated into MS or under-
graduate capstone projects, we lack consistent records

to assert how effective the course was in preparing
students for these experiences. Similarly, this data on
learning outcomes does not include information about
project outcomes, or how well the stakeholders found the
experience. These are areas for future work.

VI. CONCLUSION

The aim of this paper is to report and share, CC-PjBL, an
innovative approach to applying project-based learning (PjBL)
to requirements engineering (RE). We have used CC-PjBL for
eight years to educate and train RE & PM students. To evaluate
the effectiveness of this approach, we collected both qualita-
tive and quantitative data from EvalTools. Quantitative data
analysis proved that CC-PjBL has been effective in achiev-
ing instructional objectives and student learning outcomes.
Furthermore, this analysis also shows that students are very
interested in our RPM course and its instructional approach
(CC-PjBL). Data from student overall evaluation shows very
good performance by the faculty that taught this course. More-
over, students gave a high rating to their overall experience as
well as the quality of our course and its approach. The results
obtained from quantitative data is consistent with the positive
comments made by students regarding the course.

In addition to the recorded success of our approach, this
paper also identified and discussed the challenges encountered
in this course and its instructional approach. A key chal-
lenge, from the students’ perspective, is the higher amount of
workload required to complete this course in relation to other
courses. This can be attributed to the hybrid nature of this
course, the two voluminous textbooks required for the course,
and the software requirements development projects. Another
key challenge, from faculty perspective, is the difficulty in
finding and convincing other faculty in development related
courses to participate in this approach. We also observed that
most students consider RE and PM related courses boring and
would rather take courses where interactive technologies, such
virtual reality and mobile devices, are used as methods of
instructors.

We will continue to use this approach, and encourage other
REE faculty to try CC-PjBL and see if similar results can be
achieved. Yet, we acknowledge various areas of improvement
which provides scope for future our work. In the future we will
carry out more research to identify how we can re-design this
course to reduce the significant amount of workload without
affecting the learning outcomes and course objectives. Further,
we will investigate how virtual realty, wearable technologies,
mobile devices, and other interactive technologies can be
integrated into our CC-PjBL instructional method, to meet
the expectations and demands of students, and also make our
course more interesting, and less cumbersome.
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