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 
Abstract—As computing technology advances, smartphone 

applications can assist student learning in a pervasive way. For 
example, the idea of using mobile apps for the PA Common Trees, 
Pests, Pathogens, in the field as a reference tool allows middle school 
students to learn about trees and associated pests/pathogens without 
bringing a textbook.  

While working on the development of three heterogeneous mobile 
apps, we ran into numerous challenges. Both the traditional waterfall 
model and the more modern agile methodologies failed in practice. 
The waterfall model emphasizes the planning of the duration for each 
phase. When the duration of each phase is not consistent with the 
availability of developers, the waterfall model cannot be employed. 
When applying Agile Methodologies, we cannot maintain the high 
frequency of the iterative development review process, known as 
‘sprints’. In this paper, we discuss the challenges and solutions. We 
propose a hybrid model known as the Relay Race Methodology to 
reflect the concept of racing and relaying during the process of 
software development in practice. Based on the development project, 
we observe that the modeling of the relay race transition between any 
two phases is manifested naturally. Thus, we claim that the RRM 
model can provide a de fecto rather than a de jure basis for the core 
concept in the software development model.  

In this paper, the background of the project is introduced first. 
Then, the challenges are pointed out followed by our solutions. 
Finally, the experiences learned and the future works are presented.  

 
Keywords—Agile methods, mobile apps, software process 

model, waterfall model.  

I. INTRODUCTION 

S computing technology advances, smartphone apps can 
assist student learning in a pervasive way. For example, 

with the availability of the PA Common Trees, Pests, and 
Pathogens System, middle school students learning about trees 
and associated pests/pathogens can take their smartphones 
(iPhones, Android phones, or Windows phones) to the field as 
a reference tool without bringing a textbook.  

During the process of developing the three heterogeneous 
mobile apps, the project ran into numerous challenges. This 
paper describes the challenges and the solutions in the 
collaborative project between the Biology Department and the 
Computer Science Department for developing three 
smartphones apps including iPhones, Android phones, and 
Windows phones. In the remaining of this paper, the 
background of the collaboration is described first. Then the 
challenges are discussed. The solutions are presented.  
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II. THE BACKGROUND  

The idea of using an app on a smartphone as a learning tool 
was proposed to and accepted by the Pennsylvania 
Department of Conservation and Natural Resource (DCNR). 
This project proposed to develop some supplemental learning 
materials including three smartphone-accessible apps to 
compliment the PLT book “Common Trees of Pennsylvania” 
[5], [6]. Once available to PLT, these materials will help 
teachers better engage their students when learning about tree 
diseases and pest.  

As a collaborative effort, the two departments, i.e., the 
Biology Department and the Computer Science Department 
began the software development process in a small university. 
This is a small teaching university with around 16,000 
students and 800 faculty members without conferring a Ph.D. 
degree in the Computer Science Department. The developers 
were chosen from among the undergraduate students initially. 

III.  THE CHALLENGES 

In the past, many researches study the challenges related to 
mobile software engineering. For example, some describe that 
the challenges may be caused by the inherent nature of 
developing mobile phone apps [10]. Others study the software 
engineering issues caused by the human aspects [3]. Very little 
research is focused on developing three heterogeneous mobile 
apps simultaneously in a software development shop such as a 
small university where the availability of developers is an 
issue. In this paper, our research focuses on the study of 
software engineering issues for the development of mobile 
apps especially in an environment where human aspects are 
involved. These challenges include: the human factors, the 
Mobile Application Software Development Life Cycle 
(MADLC) modeling as well as the detailed issues in the 
design, development, and testing phases. They are discussed 
below. The challenges are listed in Table I. 

A. Human Factors 

The first decision related to mobile applications is the type 
and platform for a mobile strategy. A mobile app can exist as a 
native application or a web application. A native app can 
operate at a location where the wireless Internet service or Wi-
Fi, is not available. But the development of a native app must 
take into account the platform and the availability of 
developers. Once the decision to go for a native app instead of 
a web application; the issue of human factors [8] can impact 
the project planning drastically in a small university. Ideally, 
to develop three apps for three specific mobile phones 
respectively requires three separate teams. It is not feasible at 
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