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Abstract

Traditionally, software engineering courses, especially project based lab courses, are focused on
providing students a practical understanding of the subject material at an implementation level.
However, if the idea of a lab course is to build student competence for real world software
development and engineering problems, why should we not provide them an environment where
they can be familiar with the industrial software development, engineering and project
management practices? This paper explores the project based instructional benefits in an industry
setup using Industry Standard Tools and Practices (IST&Ps) and investigates the learning
effectiveness and engagement. IST&P involves software development, deployment and
management tools, and common Agile practices using popular web-based tools widely used in
industries. Our approach is to engage students in cross-course collaboration [1] with Agile
practices with three groups of 3rd and 4th year undergraduate students among three project-based
courses: Software Engineering (SE), Requirements and Project Management (RPM) and Mobile
App Development (MAD). The goal of the project setup is to engage students in the course
content, and course projects in the context of professional software development practices [2].
Our goal also includes observing how effective the study setup is in learning software engineering
methods, practices, tools and techniques. An empirical study will be performed to quantify the
instructional goals according to the bloom’s taxonomy on the participants.

Introduction

The gap between software engineering students and professionals has significant impact on
students [3] [4] [5]. When shifting to professional practice, computer science (CS) graduates
often face difficulties adjusting to new environment unless they have a substantial amount of
internship experience previously. In the undergraduate or graduate schools, project based courses
are intended to teach the students how to develop software projects. Although, there are other
Software Engineering (SE) courses that help them develop their understanding of how software
development and engineering processes work, applying the techniques in a professional setup and
the familiarity with the required tools in the current market is always ignored.



Commonly in most of the schools during the final year of computer science undergraduate
program students are given two options of doing a thesis or a final year project such as capstone
project [6]. The idea behind doing a thesis is to teach students how to do research and how to
write a scientific paper. However, the idea behind the final project is always to give the students
an experience of developing a full software application by collaborating with stakeholders and
following appropriate methods for requirements analysis, design, implementation, quality
assurance and project planning. In the course projects or project based courses where students are
given a project and asked to implement a complete software system by analyzing the
requirements and designing the system using UML and object oriented methods. Students get the
opportunity to learn how to write documentations, test cases, and to validate their work with
stakeholders. Such senior level course projects provide students with the experience of
team-work, testing, quality assurance, development life-cycle, documentation, writing technical
reports and possibly other formalities from business and SE perspective. Many institutions even
leverage common industry-standard tools [7] [8] and practices, for the purpose of connecting
students to Industry Standard Tools and Practices (IST&P). Grabowski et. al. [7] conducted a
similar study to emulate the corporate professional standard software development among six
software engineering courses’ student groups. Unlike Grabowski, we are more interested in
assessing the learning effectiveness and engagement in development practices and using IST&P
instead of business experience.

These attempts at IST&P integrations are laudable, however there remains the question as to how
these efforts at integration support student learning. Efforts in competency assessment [8] have
been conducted; yet how the application of IST&P remains largely unassessed. Our intention is to
see if the addition of IST&P to project-based learning courses would influence the effectiveness
and the engagements of students in learning the core software engineering tools, techniques, agile
process, practices and terms. A brief overview of the tools and practices employed follows.

Tools

We use the tools commonly used in most of the software development industries and widely
popular among the practitioners. For project management and issue tracking we use Atlassian
Jira, Bitbucket for source code maintenance and version control, Jenkins for building the project
code and integrate unit tests in a continuous integration mechanism.

Atlassian Jira: A wide variety of project management tools have evolved to this modern day [9]
facilitating the control over Agile development process. Atlassian Jira [10] is one of the leading
software project management tools for decades. Jira is able to manage small as well as extremely
large software projects [11] with its useful features to drive an Agile scrum-based software
development process.

Planning Poker: To estimate the user stories in Jira many software development teams prefer to
use web based tools that help estimation by playing games such as planning-poker [12], pointing
poker [13] etc. We are using planning-poker because of its simplicity and popularity which allows
estimation using Fibonacci series, custom-fibonacci series, T-Shirt size, etc.

Jenkins: While development is in progress, a working copy of the software has to be ready at all
times as part of the Agile methodologies [14]. For that we used Jenkins to continuously build the



project. Jenkins is vastly popular [15] and stable over the past few decades.

Practices

Agile development practice is gaining popularity rigorously over more than a decade [16]. It is
the most popular approach of developing client focused software applications. Hence, we are
following the Agile development method and its best practices to run the projects.

Bi-Weekly Sprint: Bi-weekly sprint is a common practice in Agile development practice which
implies the development iterations [17]

Daily Scrum: 1t is a daily session with all the developers and team lead that reviews what has
been accomplished, as of now and what are the goals next, and any impediments. It is one of the
keystone practices in the Agile development process [18][19]. It drives the sprint, keeps the
developers engaged and up to date with the sprint progress.

Sprint Retrospective: In a sprint based development where scrum focuses on the progress,
retrospective session is a vital session for the sprint where the criticism of the past sprint
addresses the points of improvement which is one of the Agile principles [20].

Methods

The three target courses require project-based collaboration, where one set of students primarily
focus on the requirements and project management aspects of the IST&Ps, where the other sets of
students are more focused on applying the selected IST&Ps to their code development.

Effectiveness
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Figure 1: Methodology mapped to participant flow

Our approach involves an empirical investigation on students’ experiences and outcomes. As
depicted in Figure 1, learning assessment will begin with an IST&P topical survey focusing on



students’ perception of their familiarity and ability to use the selected IST&Ps. Another data
source will be a comparison of student performance on shared IST&P-related (Blooms level

2 [21]) assessment questions. At the end of the projects we will conduct a variant of the

RIMMS [22] survey (RIMMS++) to analyze student engagement and a series of interviews to add
qualitative connections to the quantitative findings. Figure 1 represents our methodology at a
glance.

RIMMS++:

This work focuses on the assessment of effectiveness and engagement of IST&P-enhanced
project-based learning. As indicated in Figure 1, effectiveness will be observed through the
change in IST&P topical survey and in performance on shared IST&P-related assessment
questions. Engagement will be observed through the RIMMS++ instrument and the interview
findings. At the center of this approach is the application of the RIMMS approach in assessing
student engagement. While the RIMMS work developed a series of validated questions useful for
assessing Attention, Relevance, Confidence and Satisfaction (ARCS) [23]. The RIMMS
instrument was built around 12 questions, with three questions in each of the ARCS

categories.

For our use, these questions required modification. RIMMS centred on ARCS assessment of
student engagement specific to instructional message design [22], our interest is in assessing
engagement with a set of IST&Ps. Our approach was to parametrize the RIMMS questions, for
the purpose of shifting the target from “user instructions” to student engagement with a particular
IST&P, while at the same time shifting the context from “using a telephone” to the team project.
The RO7 record in Table 1 depicts one such transformation, illustrating the original RIMMS
question and the resulting RIMMS++ question. In Table 1 “R” with the question numbers
indicates that it’s a RIMMS question, and “rewrite” at the end indicates we propose to re-write
that RIMMS question.

In this conversion process, we observed that the original RIMMS included two very similar
“satisfaction” questions: R11 and R12 (See Table 1). For our experiment, we included these in
the RIMMS++ instrument, but also added two differentiating satisfaction questions (e.g., R11
rewrite) following the ARCS model. In all, this approach generated a set of 14 questions that can
be easily answered for each of the six IST&Ps integrated into the course.

Analysis

This study expects to generate quantitative and qualitative data that can be assessed for validity.
To quantitatively test the learning effectiveness, we will perform a two-way ANOVA between the
pre-test and the post-test survey results groups using the following null hypotheses:

HI1: Means of observations grouped by pre-test are the same

H2: Means of observations grouped by post-test are the same

H3: There is no interaction between pre-test and post-test

The results of the Bloom’s Taxonomy [24] based outcome metric from the “Topical Content Post-Tests”
will then be used to test the learning effectiveness by performing another two-way ANOVA between the
post-test survey results and the topical post-test results. The learning engagement will be measured based



Table 1: RIMMS 2015 Questions Plus Two Rewrites (RIMMS++)

RIMMS ARCS Prin- | Original RIMMS  Ques- | RIMMS++ Question

Q ciples tion [22]

R7 Confidence - | As I worked with these (user | As I worked with this industry standard
Learning re- | instructions), 1 was confident | tool or practice, I was confident that I
quirements that I could learn how to work | could learn how to succeed in the course

well with the (telephone) project

R11 Satisfaction - | I really enjoyed working with | Ireally enjoyed working with this industry
Intrinsic Re- | these (user instructions) standard tool or practice
inforcement

R12 Satisfaction It was a pleasure to work | It was a pleasure to experience working

with such well-designed (user | with this well-designed industry standard
instructions) tool or practice

R11 Satisfaction - | (Completing the exercises) gave | Working with this industry standard

rewrite Extrinsic me a satisfying feeling of ac- | tool or practice gave me a satisfying feel-

complishment ing of accomplishment

R12 Satisfaction - | The design of the (user | The integration of working with this in-

rewrite Equity instructions) made for a sat- | dustry standard tool or practice into my

isfying learning experience. | course project made for a satisfying learn-
(36S06) ing experience

on the RIMMS++ total score by performing a one-way ANOVA.

Qualitative Survey / Interviews

Once the project development is completed we will conduct a series of interviews with individual students
with a set of questionnaires to understand their interest, confidence, and satisfaction within the process
using IST&P. The interview will be conducted separately by both the instructors engaged in this research,

and the responses will be collected separately. Each student will be interviewed for at least 15 - 20 minutes
depending on our final set of questionnaires. The questionnaires will be very similar to the post test topical
survey. However, the answers from the face-to-face interview will provide more insights that the predefined
answers set in the survey questionnaires might not capture. This will help us validate the empirical analysis
from the topical content test, pre and post-test survey, and RIMMS++ survey data.

Conclusion

This work is still in-progress. Our study has been set up with three undergraduate courses involving two
faculties. In this emulation students get the opportunity to perform through all standard software
development phases in Agile method including requirements analysis, user-story backlog creation. Once
the backlog is ready, developers plan for sprints and drive each sprint equipped with daily-scrum,
retrospective and planning the next sprint. The entire process is driving through use of IST&P. Once this
study is done, our collected data will give us an insight about how this protocol impacts the learning
effectiveness and how it engages the students. We believe that the empirical data will give us a positive
result reflecting the engagement and learning effectiveness, and we will be able to validate it through the
qualitative interviews. This study will also evaluate the two questions, R11-rewrite and R12-rewrite that we
brought back in from the original IMMS table and added into RIMMS and will update RIMMS as



RIMMS++ if they show any significance.
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