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Abstract: Several approaches have been established for the monitoring of the Software Development (SD)
process. Monitoring a Software Development Project (SDP) 18 essential to ensure that the project progress is
according to budget, schedule and quality expectations. Consequently, the lack of monitoring and control in
SD leads to the failure of such projects. Currently, Agile Methods (AMs) have received wide recognition within
the SD field due to their flexibility and effectiveness. Consequently, they have been extensively adopted and
thus new versions of AMs have been developed, enhanced and mtegrated with other approaches to support
the increased demand of various project environments. This study aims to review different approaches for
monitoring Work in Progress (WIP) in different software project development. Research results have mdicated
that a strong project management approach is needed to adequately monitor the SD process because

monitoring 1s vital to the success of such projects.
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INTRODUCTION

Software Project Management (SPM) encompasses
knowledge, techmques and tools necessary to manage
the development of software products. SPM is defined as
the art and science of plamming and leading software
projects. Tt is a sub-discipline of project management in
which software projects are planned, mmplemented,
monitored and controlled (Tarom, 2014).

In addition, in order to deliver the software on the
time, a software project manager is responsible for
planning and scheduling of the Software Development
Project (SDP) process (Kaur et al., 2013). Currently,
Software Development Orgamizations (SDOs) attempt to
deliver their software products quickly within the
prescribed time frame and with the highest quality and
lowest cost (Anand et al, 2014). However, delivering
software projects according to specification on time
within budget has proven to be a big challenge for them
(Alette and Fritzon, 2012).

The standish group report on software projects
showed that only 39% of projects are completed on time
and on budget. The 43% of the projects are considered
challenged that i1s they were completed but they were
over-budget or late and they offered fewer features than
were originally specified. However, 18% of the projects
were cancelled at some point during the development
cycle (TSG, 2013). Moreover, the results of a survey from

166 Information Technology (IT) leaders indicated that
89% of projects do not regularly meet thewr budget and
59% of projects are typically delivered late. Furthermore,
33% of IT leaders stated that at least 25% of their budget
is spent addressing rework (Kasunic and Nichols, 2014).

Momnitoring the development process of software
project is essential to ensure that the project
progresses according to budget, schedule and quality
expectations. Doraisamy ef al (2014) stated that
successful implementation of software projects depends
entirely on successful momtoring mechanisms while the
lack of monitoring SDP leads to the failure of such
projects. Rupinder and Iyotsna (2013) have discussed the
current process approaches and analysed on failure of
SD. They proved that there is a need to develop a new
approach to resolve the major 1ssues of SDP.

During past decades, several approaches have
been established for momtoring SDP  process
(Abrahamsson and Warsta, 2003). Curently, Agile
Methods (AMs) have received wide recogmition within
the SD field due to their flexibility and effectiveness
(Flora and Chande, 2014). In addition, AMs are
extensively being adopted outside of their initial intended
scope of small and collocated project teams. They have
been implemented in all project sizes and in both
distributed and non-distributed project environments as
well as in different project domains such as engineering,
banking, medical and manufacturing. Thus, new versions
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of AMs have been developed, enhanced and integrated
with other approaches to support the increased demand
of various project environments (Hamid et al, 2015
Wang, 2014).

Chow and Cac conducted a survey to identify
success factors m Agile projects. Consequently, they
found that a strong project management process with a
good progress tracking mechanism is needed, however,
this is still a key factor in Agile project success
(Chow and Cao, 2008; Cohen and Elalouf, 2014). Besides,
the lack of Agile progress monitoring, poor
communication and reporting on project status are
commonly stated as contributing factors to project
failure (Alette and Fritzon, 2012; Taherdoost and
Keshavarzsaleh, 2015). Hence, developing a new Agile
approach for progress monitoring 1s an increasingly
needed 1n the area of SPM. Therefore, the aims of this
study are to review the previous and current approaches
that are being used to monitor WIP, discuss on the pros
and cons of those approaches and identify their potential
elements to improve the most recent used approach.

Literature review

Agile project management approaches: Several software
development approaches have been established since the
meeption of Information Technology (IT). These include
traditional methods such as waterfall which have distinct
phases and Agile methods which define a process of
iteration but where design, construction and deployment
of different pieces can occur siunultaneously
(Abrahamsson and Warsta, 2003). AMs have created a
paradigm shift in the field of Software Engineering (SE)
during the past two decades. Instead of fixed scope
deliveries, budgets and schedules, AMs place more value
on people, interaction and working software rather than
on tools, contracts and plans (Wang, 2014).

Currently, AMs are being used to address the
challenges of managing complex software projects during
the development process (Kasunic and Nichols, 2014).
They have received wide recognition within the SD field
due to their flexibility and effectiveness. AMs provide a
shorter development cycle, higher customer satisfaction
and rapid changes to the business requirements in the SD
environments (Flora and Chande, 2014). The common
AMs and approaches are Xtreme Programing (XP),
Dynamic Systems Development Method (DSDM), Scrum,
Adaptive Software Development (ASD), Crystal, Lean
Systems Development (I.SD), Test-Driven Development
(TDD), Feature-Driven Development (FDD) and Kanban
(Ahmed et al., 2014). In particular, Scrum and Kanban
are considered as the two powerful Agile methods in

SDP. This is because they are optimizing the development
process by identifying the tasks, managing time more
effectively and setting-up teams (Lei ef al., 2015).

The state of Agile development survey reported that
scrum is the most followed closely method and 58% of the
respondents practice it among other Agile methods
(Anonymous, 2015). However, Kanban method has
numerous advantages make 1t more popular n the area of
software development. Guckenheimer and Loje (2012)
stated that Kanban allows for continuous adjustment and
1s more prescriptive in managing queues while Scrum
relies on the team commitment, reviewed at sprint
boundaries.

In contrast to scrum, kanban does not use iterations
but rather maximizes the workflow and shorten the lead
time by lhmiting the amount of WIP and delivering
software continuously (Flora and Chande, 201 4; Michael,
2012). Moreover, Sjoberg et al. (2012) have compared the
usage of Scrum and Kanban across a period of two years.
Their study revealed that using Kanban instead of Scrum
makes the company almost halved the lead-time, reduced
the number of weighted bugs by 10%, improved
productivity by 21% for implemented features and
reduced bugs by 11%. Additicnally, they argue that
Kanban method eliminates the waste of periodic Scrum
meetings and the rigidity of Scrum time boxing while
keeping all other advantages of the Agile approach.

Furthermore, Lei ef al. (2015) have been conducted
study to see if there is a statistically difference between
these two methods impacting a set of six factors of project
management for SDPs which are schedule handling,
budget handling, amount of available resources, risk
control, quality of the project and clear project scope. The
results showed that there is no statistically significant
difference at the 95% confidence level between Kanban
and Scrum for the aforementioned factors. However, it
indicated that Kanban performs better than Scrum in term
of managing project schedule. Besides, it suggested that
projects that use Kanban method could experience greater
consistency m term of the project management factors.
Table 1 shows a comparative summary between Scrum
and Kanban methods from different perspectives.

Table 1: A comparative summary between Scrum and Kanban
Perspectives Scrum Kanban
Time-boxed iterations Prescribed Optional
Default metric for planning  Uses velocity Uses lead time
and process improvement

Diagram Burn down chart No particular type of
prescribed diagram

WIP lirnited indirectly Per sprint Per workflow state

Estimation Prescribed Optional

Adding iterns Cannot add items to  Can add new items

ongoing iteration

Prioritization Prescribed Optional
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MATERIALS AND METHODS

Li et al. (2008) developed a method for monitoring
software project progress based on the Earned Value
Analysis (EVA) method and Use Case Pomts (UCP). This
method has enabled management to plan accurate
software projects and to improve the tracking process and
results prognosis. It was based on two kinds of plans: the
phase plan and the iteration plan. The purpose of the
phase plan is to capture all information of a project per
one cycle for example, required resources and minor
milestones. The iteration plan is a fine-grained plan and
there is one per iteration. In addition, each team member
should assign data during each development cycle. Data
such as planned start dates, completion dates and
labor-day budgets are assigned to each subtask in
accordance with the project schedule. Then the project
data of task status, completion dates and spent dollars are
regularly gathered and the earned values are converted
mto UCP for calculating EVA parameters. Moreover, the
project progress tracking was visualized in an EVA
diagram. The results of a controlled experiment indicated
the effectiveness and usefulness of tlus method for
tracking as well as controlling schedule and costs in
software projects. However, this method needs more
experiments with different project types and scales. This
can help in classifying the data and defining different
criteria to select them for a particular software project.

An integrated method for software project success
monitoring has proposed by Kazi et al. (2012). This
method was based on Projects in  Controlled
Environments, Version 2 (PRINCEZ2) method and balanced
scorecard method. PRINCEZ2 has been developed in 1975
with its latest version being launched in 2009. It is
highly prescriptive, especially on process structure but
adaptable to a project of any size. Additionally to this
method, Key Performance Indicators (KPTs) have been
defined as measures to be used while collecting data
during project implementation. Although, the proposed
method does not visualize the work, it could be useful n
large SDOs. Nevertheless, this proposed method was
neither developed nor presented.

Petersen and Wohlin (2011) integrated a set of
metrics with Cumulative Flow Diagrams (CFD). The main
contribution was an approach that contains a set of
measures to track the progress of software product
development and to achieve a higher throughput. Data are
collected for measurements and visualization by CFD.
Moreover, the current status 1s maintained in a database
and documented by a time and date stamp. The results of
this study indicated that this approach has reduced
lead-time by removing waste-free resources that focused
on value-adding activities. It also indicated that the
visualization and measures are especially valuable when

developing large-scale products with many teams and
tasks being conducted at the same tune. However, the
results suggested the need for further study to implement
AMs such as Kanban. Additionally, from an analysis
perspective, other usefulness methods such as Value
Stream Maps (VSM) could be used to allow management
to achieve more benefits when they are used in SE.

A control chart 1s a useful approach for monitoring
process variations over time and it can help practitioners
to manage process performance quantitatively. Although,
several studies have indicated the effectiveness of using
control charts to monitor a SDP, some controversy
surrounds the suitability of utilizing control charts directly
in the software industry (Baldassarre ef al., 2007). For
instance, it requires a large number of observations to
accurately estimate process parameters and establish
valid control limits. However, this amount of process data
1s often uncbtainable m SD environments. Therefore,
errors may occur in statistical reasoning when utilizing a
control chart. Thus, Chang and Tong (2013) proposed a
Q chart as an alternative approach to the control chart to
overcome such 1ssues for the SDP. Due to its visualization
property, it can help project managers simultaneously
evaluate schedule and cost performance. The advantages
of applying the Q chart to monitor SDP are early detection
capability, real-time process monitoring and fixed control
limits. The Q chart, however is limited to a normal process
with unknown parameters for monitoring the process
mean. Thus, future research was suggested to focus on
the application of @ charts for attribute data such as
nonconformities for various metrics collected in a
software environment.

Zhang (2011) stated that Gantt charts, cumulative
cost curves and resource load charts which are used in
project momitoring and scheduling are considered as
graphical approaches. These approaches,
provide only visual effects and contain no quantitative
information to help in software project’s monitoring.
Therefore, he introduced a systematic model based on the
EVA method which 1s a very effective project control
method. EVA not only achieves the overall monitoring of
the project but also provides a lot of quantitative
information. EVA 1s used for cost and schedule
monitoring. It needs three basic vanables; Planned Value
(PV), Actual Cost (AC) and Earned Value (EV). This
approach is based on the combination of human factors
such as fatigue and software project monitoring.
However, it is only suitable for medium and small-sized
SDOs. For large and complex software projects, study
suggested using this approach in conjunction with the
critical path method. A further study could be focused on
other factors such as project deviation and schedule
COIPression.

however
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A review to the current studies on project monitoring
approaches and analytical models has conducted by Hazir
(2015). This review has focused on literature related to
EVA, optimization tools and the design of Decision
Support Systems (DSS) that could centribute to helping
project managers monitor and control software projects.
In particular, Hazir described EVA as the most widely
used managerial control method and it uses monetary
units as a common basis to measure and communicate
project progress. EVA is also used to estimate the
expected project time and cost using the project’s current
status (Vanhoucke, 2009). Thus, Hazir emphasized the
integration of relevant optimization models into DSS and
project management software. This needs, however to
develop analytical models using EVA metrics to forecast
project performance. Additionally, DSS should be
model-driven, function as early warning systems and be
integrated into commercial project management software.
Even though EVA has been receiving increasingly more
attention from project managers, there are some limitations
inimplementing EVA in practice. Hall (2012) stated them
as critical and noncritical activities which are not
differentiated, activities are assumed to be mdependent,
behavioural aspects of management are not taken into
account, quality of processes and output are not
assessed and the information requirement 1s high.

Ong et al. (2016) integrated the two efficient planning
and monitoring approaches EVA and Gantt charts in order
to develop a new approach named earned value Gantt
chart (EV-Gantt) for portfolio planning and monitoring.
Basic project information such as contract sum, payment
to date, planned schedule and actual progress are
collected as the foundation. Also, the Estimate At
Complete (EAC) is calculated at the date of reporting
progress. EV-Gantt adapts the Gantt chart to visualize
multiple individual projects inte a portfolio interface and
uses EVA to analyse the performance of each individual
project. This approach has been tested through scenario
analysis and a pilot run using a portfolio of real cases.
The results indicated that EV-Gantt performed
satisfactorily in resource allocation, systematic reporting
and monitoring enhancement. However, EV-Gantt must be
enhanced by developing other relevant dimensions such
as quality control.

The Scrum and Kanban methods have been
integrated to contribute a new method called Scrumban.
This method combines the most important Scrum
practices which are release and sprint planning, regular
delivery of increments and frequent feedback with basic
Kanban principles which are visualization of workflow,
limiting the WIP and change management. ITn order to
visualize the workflow, Kanban board is used. It is
suitable for complex development projects (Flora and
Chande, 2014; Kniberg and Skarin, 2010; Ladas, 2009).

However, Scrumban method has such challenges
with managig WIP and needs specific skills and traming
(Leskinen, 2015).

Cohen and Elalouf (2014) proposed a method for
mitigating the dilemma between nmning a project in
accordance with the AM and the need of a manager to
monitor a project’s progress. The method which combines
the Kanban method with the principles of Eamed Value
Management (EVM), was based on calculating a Schedule
Performance Index (SPT) for each evaluation point. SPT is
calculated as the ratio between the project’s actual earned
value at the evaluation point and its planned value for
that point. The planned value can be manually adjusted
based on project resource allocation. At specific points in
time, the project manager calculates an overall current
value for the project, determined according to the current
status of the various tasks. This method also uses
Kanban beard to visualize the workflow. However, this
method is limited to simulating and predicting the planned
values which can be more challenging m projects that are
less stable and tend to have frequent plan changes.

Furthermore, the Kanban method and Value Stream
Mappmng (VSM) have been integrated to improve
productivity and quality in SDP (Raju and Krishnegowda,
2014). Function Point Analysis (FPA) has been adopted
to monitor the performance of SDP. FPA can help
significantly improve the probability of successfully
completing a software project, on time and within budget
{(George and Vogt, 2008). For all iterations, different
function points are planned. Then the Mean First Time
Yield (Mean FTY) over four iterations is calculated. Tn this
approach, Kanban board was the core of visualizing and
VSM visualizing the SD process, showing productive
times and waste/wait tume. Therefore, the real-time
updates were made available to all team members.
Furthermore, reduced cost helped to allocate optimum
resources to deliver value to the customer. The results of
this study indicated that this mtegration could positively
affect the productivity and quality in SDP. Although, in a
few studies, the VSM method was successfully applied in
a SE context, some shortcomings have been observed, in
particular, failing to capture the dynamic nature of the
software process to evaluate improvements (Ali et al.,
2015).

Table 2 summarizes the previous studies on
monitoring approaches that have been used in SPM. This
summary 18 made according to four main attributes:
parameters, project type, resource and visualization
technique. Each approach either receives a check mark in
case of it has this attribute or an “x” mark in the other
case. Parameters refer to values that are used as inputs or
requirements such as start date, end date, input values,
the number of WIP limits. However, project type refers to
project scale including small, medium, large, simple or
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Table 2: Summary of previous studies of 8PM monitoring approaches with their attributes

Attributes

Researcher(s) and years Used approachies) Input parameters  Project type Resolrces Visualization
Liet al. (2008) UCP and EVA Y X X Y
Kazi et al. (2012) PRINCE 2 and (BSC) v v J X
Petersen and Wohlin (2011) A set of metrics Y Y v Y

integrated with (CFD)
Chang and Tong (2013) Control and Q chart X X v Y
Zhang (2011) EVA v v J X
Hazir (2015) EVA ¢ X Y X
Onget al. (2016) EVA and Gantt chart 4 X v 4
Ladas (2009, Kniberg and Skarin Scrum and Kanban Y Y X Y
(2010) and Mahnic (2014)
Cohen and Elalouf (2014) Kanban and EVM Y X v Y
Raju and Krishneg (2014) Kanban and VS§M v X

complex. Resources refer to cost, time, duration and team
size whereas visualizing refers to used techmque such as
diagram, chart or board. Table 2 summary of previous
studies of SPM monitoring approaches with their
attributes.

RESULTS AND DISCUSSION

This study reviewed several SPM approaches that
were developed and recently used in SDOs. The findings
clearly confirm that there is a need for a strong Agile
approach with a good progress monitoring mechanisim,
however, this 1s still a key factor m the success of SDP
(Chow and Cao, 2008, Cohen and Elalouf, 2014,
Taherdoost and Keshavarzsaleh, 20153).

Agile approaches have received wide recognition
within the SD field due to thewr flexibility and
effectiveness. However, several studies have confirmed
that failure of Agile project development is due to the lack
of progress monitoring, poor communication and
reporting on project status (Alette and Fritzon, 2012;
Taherdoost and Keshavarzsaleh, 2015). In spite of
considering that Scrum and Kanban are the two most
powerful AMs (Lei et al, 2015), Kanban, however,
performs better than Scrum in terms of managing project
schedule and queues (Guckenheimer and Loje, 2012).
Additionally, Kanban does not use iterations but
maximizes the workflow by limiting the amount of WIP and
continuously delivering software (Flora and Chande,
2014, Michael, 2012). Moreover, the use of Kanban
instead of Scrum has almost halved the lead time, reduced
the number of weighted bugs, improved productivity and
reduced bugs of the SDOs (Sjoberg et al., 2012).

Mahmic (201 4) stated that Kanban 1s still in the mitial
phases in the area of SE and has several limitations and
challenges. For instance, motivating team members to use
Kanban has been challenging due to the orgamzational
cultre and people’s adhering to other familiar SD
methods. Tt also has challenges with managing WIP. In

addition, the lacks of specialized skills and training and
the misunderstanding of core principles have been
reasons for failing to adopt Kanban. Furthermore, it needs
other supporting methods or tools to work effectively
(Ahmad ef al., 2014; Hamid et al., 2015), therefore, it
has been integrated with Scrum (Mahme, 2014), EVM
(Cohen and Elalouf, 2014) and VSM (Raju and
Krishnegowda, 2014). Additionally, Kanban still has
challenges in projects that are less stable and tend to
have frequent plan changes (Cohen and Elalouf, 2014).
Moreover, Petersen and Wohlin (2011) argued to
implement Kanban because it is an area for future
research. Furthermore, Raju and Krishnegowda (2014)
suggested that the mtegration of Kanban method with
any existing approach could generate a strong approach
for SPM and enhance the adoption of Agile methods.

From Table 2, it can be seen that the EVA
demonstrates the best approach to moenitor project, due to
its numerous properties and it embraces the most
attributes. EVA is an efficient project monitoring method
that used to estimate the expected project time and cost.
However for large and complex software projects, EVA
must be used in conjunction with other methods
(Hazir, 2015, Ong et al., 2016; Zhang, 2011).

Fmally, the graphical approaches are linited to
provide only wvisual effects and do not contain
quantitative information to help in software project’s
monitoring. While other approaches are complex and
required a large number of observations, more experunents
with different scales of software projects and further
development and presentation (Chang and Tong, 2013;
Kazi et al., 2012).

CONCLUSION

Monitoring a software project development is an
essential task to ensure that the project progresses
according to budget, schedule and quality expectations.
In this study, reviews of the current progress monitoring
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approaches in SPM have been presented with their
attributes, strengths and weaknesses. Recently, AMs
have caught the attention and received wide recognition
within the SD field due to their ability to address the
challenges of managing complex software projects.
However, various studies showed that AMs have lacking
in progress monitoring. Results of this study have
indicated that a strong Agile approach 15 needed to
adequately monitor the SD process because monitoring is
vital to the success of such projects. Despite arguments
that Agile Kanban method is still in initial phases this
study, however, emphasized that Kanban has influenced
on the area of SDPs due to its numerous attributes and
strengths elements. Additionally, results revealed that
EVA is the most monitoring approach that has used in SD.

SUGGESTIONS

Future research should be focused on examining the
elements of Kanban method to understand and improve
that method in the context of SD. This is because Kanban
15 still lacking in progress monitoring and difficult to
determine the ideal number of WIP limits. Moreover, the
researches on the EVA method is scattered, scarce and
lacking a unifying overview. Therefore, an exploratory
study of the EVA fundamentals and how it tracks the
progress of a software project is vital. Furthermore, it is
worth to mmprove Kanban method as this method still has
certain limitations. Tt could be done by integrating it with
an EVA method in order to make the most of both
However, the validity of this proposed method has to be
verified n the forthcoming works.
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