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Abstract— Process Performance Models (PPM) are used to 

improve the consistency of interpretation of CMMI 

(Capability Maturity Model – Integration) quality process 

for high maturity and capability.  Process-performance 

models provide insight into the effect of process changes on 

process capability and performance. PPM models also can 

be used to predict performance of process changes, thus, 

facilitating cost benefit analysis. Agile development process 

is an iterative, incremental method of managing the design 

and build activities of engineering. The Agile development 

seeks alternatives to traditional project management. Agile 

approaches help teams respond to unpredictability or 

changes through incremental, iterative work cadences and 

empirical feedback. In the present analysis, an attempt was 

made to analyze certainty of achieving Sprint Planning goals 

of agile development projects using the PPM models. 

Crystal ball tool was used to run the PPM model for 

predicting certainty of achieving sprint planning effort 

during the initial sprint (during sprint planning). If the 

certainty is achieved greater or equal to 80%, then 

possibility of achieving sprint planning effort within the 

limit set (capacity planning for effort) in the sprint planning 

is higher. This model also can be used for prediction of 

Quality (i,e Defect Density) for sprint testing defects and 

UAT (User Acceptance Testing) defects. 
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I. INTRODUCTION 

A. PPM Model 

The PPM Models predict future outcomes based on possible 

or actual changes to factors (e.g. support “what-if” analysis). 

They use factors from one or more sub-processes to conduct 

the prediction. They are statistical or probabilistic in nature 

rather than deterministic. PPM models account for variation 

in a similar way that QPM (Quality Process Management) 

statistically accounts for variation; they model uncertainty in 

the factors and predict the uncertainty or range of values in 

the outcome [1]. 

High maturity organizations generally possess a 

collection of process-performance models that go beyond 

predicting cost and schedule variance, based on Earned 

Value measures, to include other performance outcomes. 

Specifically, the PPM models predict planning, quality and 

performance outcomes from factors related to one or more 

sub-processes involved in the development, maintenance, 

service, or acquisition processes. However, the process-

performance models exist to predict future performance 

based on other sub-process factors - such as coding delivery 

rate [2]. 

B. Crystal Ball Tool 

Oracle Crystal Ball is the leading spreadsheet-based 

application for predictive modeling, forecasting, simulation, 

and optimization. It gives insight into the critical factors 

affecting risk. With Crystal Ball, we can make tactical 

decisions to reach the project objectives and gain a 

competitive edge under even the most uncertain market 

conditions. 

 Builds on existing Monte Carlo and predictive 

modeling tools 

 Provides advanced optimization and calculation 

capabilities 

Crystal Ball is the easiest way to perform Monte 

Carlo simulations in your Excel spreadsheets and models. 

Crystal Ball automatically calculates thousands of different 

"what if" cases, saving the inputs and results of each 

calculation as individual scenarios. Analysis of these 

scenarios reveals the range of possible outcomes, their 

probability of occurring, which input has the most effect on 

your model and where you should focus your efforts. 

Crystal Ball includes powerful reports, charts and 

graphs that let you vividly present and communicate the 

results the analysis, and give credible picture of risk [3].  

 Easy-to-use Interface and  

 Provides powerful graphics and reports 

 Ability to identify factors influencing your results 

C. Agile Development Methodology  

Agile development methodology provides opportunities to 

assess the direction of a project throughout the development 

lifecycle. This is achieved through regular cadences of 

work, known as sprints or iterations, at the end of which 

teams must present a potentially shippable product 

increment. By focusing on the repetition of abbreviated 

work cycles as well as the functional product they yield, 

agile methodology is described as “iterative” and 

“incremental [4,5] 

D. Scrum Methodology  

Scrum is the most popular way of introducing Agility in the 

project due to its simplicity and flexibility. Scrum 

emphasizes empirical feedback, team self-management, and 

striving to build properly tested product increments within 

short iterations. Scrum is a framework for project 

management that emphasizes teamwork, accountability 

and iterative progress toward a well-defined goal. The 

framework begins with a simple premise: Start with what 

can be seen or known. After that, track the progress and 

tweak as necessary. The three pillars of Scrum 

are transparency, inspection and adaptation [6]. 

http://whatis.techtarget.com/definition/framework
http://searchcio.techtarget.com/definition/project-management
http://searchcio.techtarget.com/definition/project-management
http://searchsoftwarequality.techtarget.com/definition/iterative
http://whatis.techtarget.com/definition/transparency
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II. OBJECTIVE, APPROACH AND DATA MODEL USED 

A. Objectives 

The main objective of the present investigation are as 

follows:            

 To predict the certainty of completing the project within 

the initial or revised estimated effort and decide on 

action to be taken to ensure delivery of project as per 

committed schedule and estimated effort. 

 To predict the certainty of achieving desired overall 

Defect Density (DD) within the initial effort and 

assigned skill levels of User stories within the Sprint. 

 The effort prediction is applicable to development and 

includes only lifecycle activities effort.      

B. Approach followed 

 The size for each component of the application to be 

developed for the project is  computed using Story 

Point estimation 

 Based on the skill of the resource (developer) assigned 

for each component, the baseline delivery rates are used 

to compute the total effort estimate for the project.

  

 If the certainty level is greater than threshold (>80%), 

the chances of achieving the sprint goals (effort, 

productivity and defect density) is higher.   

 If the certainty level is below threshold ( < 80 %) ,  

adjustment options to be looked at are  

 Revise the estimate 

 De-scope some Story Points 

 Induct higher skilled people if feasible 

C. Data used for running PPM models 

1) User Story Data 

The following details are to be used in User Story Data sheet 

pertaining to a specific Sprint  

 User Stories 

 Story Points 

 Developer names and skill level of the developers  

2) Effort Prediction Model data 

The following details are to be updated in the effort 

prediction model sheet pertaining to a specific Sprint: 

 Sprint start date 

 Sprint end date 

 Sprint Id/name 

 Sprint team size 

 Available capacity in hours 

 Number of ideal hours 

 Number of days during the sprint 

3) Quality Model 

Select the phase of prediction (sprint planning or mid of the 

sprint) and update the inputs for simulation to run the PPM 

model. 

Record the following details: 

 Date of PPM run  

 Actual defects at sprint testing 

 Actual defects during UAT 

 Inference (Certainty level acheived) 

Based on observed defect density (DD) for Sprint 

Testing & UAT, record the risks and action plan as 

appropriate.  

III. METHODOLOGY USED FOR RUNNING PPM MODELS 

USING CRYSTAL BALL TOOL 

Methodology used for carrying out PPM runs for agile 

projects and predicting the certainty of planning and quality 

is as mentioned below:   

1) Based on priority of the stories decided by the 

customer, select the stories to be developed for the 

current sprint. 

2) Estimate the story points for each of the stories. 

3) During sprint planning meeting, break down the stories 

in to smaller tasks and estimate effort for each of the 

tasks associated to the story.  Note down the story 

points and planned efforts for the sprint in the sprint 

backlog sheet. 

4) Provide input values for running the PPM models. The 

inputs parameters are stories, story points, effort (in 

hours) for each of the stories and the skill level of each 

individual team member who is working on the current 

sprint.  

5) Run PPM models for certain number of iterations 

(around 1000 iterations) using the Crystal ball tool. 

6) Record and note down certainty for achieving the effort 

and productivity for the sprint. Note down the critical 

sub-process as well (like coding delivery rate of the 

expert) 

7) Similarly record and note down certainty for achieving 

sprint testing and UAT defect density.  

8) If the certainty from the PPM runs is less than 80% (for 

effort and quality), take corrective actions.  This can be 

done by adding the efforts or by varying the story 

points. This will help to take the corrective action 

during the sprint planning process.  

9) Once the current sprint is completed, compare the 

results with actual values. 

IV. DATA INPUT FOR PPM RUNS USING CRYSTAL BALL 

A. Sprint planning data 

In the present study, sprint-37 is taken as a sample for sprint 

planning process. This data consists of user stories 

considered for the sprint along with story points and planned 

effort. 

  
SPRINT - 

37 Stories   

Backlo

g Id/ 

priorit

y 

Story 

Id 

Descriptio

n 

Story 

Points 

Planne

d 

efforts  

(HRs) 

1 117896 

Exception 

Resolution 

UI changes 

8 72 

2 111750 

Single item 

posting 

updates 

8 78 

3 117558 

Escrow 

Refund 

Transaction

s 

5 48 

4 113200 

Transaction 

details 

section for 

Payoff 

8 66 
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Exception 

Resolution 

Screen 

   
29 264 

Table 1: Sprint backlog for Sprint-37 

B. Input Values For Crystal Ball 

The input values for running the PPM models using crystal 

ball is as shown in the table-2. This includes user stories, 

story points, and skill level of the developers.  

 
Table 2: Input values given to crystal ball 

V. RESULTS 

A. Determining Certainty for Sprint Planning (effort and 

productivity) 

Crystal ball is used to run the PPM models. Provide the 

input values (as shown in the table-2) to run the tool for 

about 1000 iterations. Then plot and record the results for 

initial prediction (effort), productivity, sensitivity and 

quality (defect density for sprint testing and UAT). 

 
Fig. 1: Certinity for initial prediction- effort 

 
Fig. 2: Certinity for initial productivity 

Inference: The certainty of attaining the target 

productivity is 86.4%. 

 

 
Fig. 3: Sensitivity for the effor prediction model 

Inference: With planned capacity of 264 PHrs, 

certainty of delivering 29 Story points is around 81%. And 

for productivity, certainty got is 86%. These results are 

>80%. So there is a possibility of achieving the desired 

results are high and there is no need to take any corrective 

actions further.  

1) Final Analysis for Sprint Planning 

 
Table 3: Final inference for sprint planning 

B. Determining certainty for Quality (DD for sprint testing 

and UAT) 

To get the certainty for quality, same steps are followed as 

mentioned in section 5.1 and plot the certainty for Sprint 

testing DD and UAT DD.  

 
Fig. 4: Certinity for sprint testing defect density 

Inference: On maintaining, medium Delivery Rate 

for Requirements Analysis (8 to 13 PHrs) and High Delivery 

Rate for Unit testing (10 to 16 PHrs), the certainty of 

meeting targeted Sprint Testing DD is around 90%. 
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Fig. 5: Certinity for sprint UAT defect density 

Inference: On maintaining, high delivery rate for 

Unit testing (16 to 19 PHrs), the certainty of meeting the 

targeted UAT DD is around 84%. 

1) Final simulation analysis for Quality 

 
Table 4: Final inference for sprint quality 

VI. CONCLUSION 

A. Sprint Planning 

1) For effort: The certainty achieved using PPM runs using 

Crystal ball was around 81%. So chances of achieving 

the sprint goals at the end of the sprint is high. 

2) For productivity: The certainty achieved was around 

86%. So chances of achieving the sprint productivity 

for the sprint is high. 

B. Quality 

1) Sprint testing DD: Certainty of achieving Sprint Testing 

DD was 90%. So DD achieved at the end of the sprint 

will be within the range without deviation/correction.  

2) UAT DD: The certainty of achieving UAT DD was 

84%. So the DD achieved at the end of the sprint will 

be within the range without deviation/correction. 
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