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Abstract: The Software Capability Maturity Model Integration (CMMI) has become a popular Software Process Improvement 

(SPI) model for enhancing software development processes with the goal of developing high-quality software within budget 

and schedule. Since software development effort can be greatly affected by the organizational process maturity level, this study 

examines the impact of different CMMI-based process maturity levels on effort, productivity development team and 

diseconomy of scale for a standard project sizes. The COnstructive COst MOdel (COCOMO) is employed to compute the 

software development effort. The percentage of change (increase or decrease) in software development effort, productivity and 

diseconomy of scale is employed as a measure of effectiveness for this study.  The results of this work demonstrate that each 

higher CMMI maturity level has a considerable impact in decreasing the development effort, increasing the productivity rate 

and reducing the diseconomy of scale. The results also indicate that the impact of CMMI-based maturity levels significantly 

increases with project sizes.  

 
Keywords: CMMI, process maturity, COCOMO II, effort multipliers, scale factors, diseconomy of scale, productivity rate. 

 
Received February 19, 2010; accepted August 10, 2010 

 

 

1. Introduction 

Developing software to meet functional requirement 
with acceptable quality, on planned schedule, and 
within budget is a target pursued by every software 
development organization [26]. There is a widespread 
belief that a good software product is a result of mature 
and repeatable software processes, which have led to 
more focus on Software Process Improvement (SPI) to 
assist software development organizations realize its 
potential benefits. Thus, the search for reliable 
methodologies, ideas and innovations to enhance 
software development continues to be an essential 
focus for both academic and industrial research. Effort 
spent in this area has resulted in several SPI models 
and standards such as ISO 9001 [30], Six Sigma [33], 
and the Carnegie Mellon Software Engineering 
Institute’s Capability Maturity Model for Software 
(SW-CMM) [31] as well as its most recent version, the 
Capability Maturity Model Integration (CMMI) [7]. 
This paper focuses on CMMI. The motivation for 
selecting CMMI as the base of this study is that it is 
influential, long-standing, and often-studied standard 
to SPI [35]. Moreover, CMMI-based SPI has led to 
quantifiable enhancement in how processes of software 
engineering are performed [5]. A cording to Jones and 
Soule [24], among the software process improvement 
frameworks, CMMI became a standard model with 
high rate of acceptance. 

In this study, we investigate the impact of CMMI-
based process maturity levels on software development 
effort, productivity rate and diseconomy of scale for a 
set of standard project sizes. COCOMO II model is 

employed to estimate the required effort in each level 
of maturity. It has a scale factor input, Process 
Maturity (PMAT), which is used to assess the 
organizational process maturity. Since the investigation 
presented in this work is primarily based on CMMI, 
and the existing COCOMO II’s PMAT values were 
basically derived for CMM, therefore, based on the 
results of our recent research, a new set of COCOMO 
II’s PMAT ratings values under CMMI has been 
derived and evaluated in [1]. Thus, this study relies on 
the new CMMI-based PMAT rating values. 

The rest of this research is organized as follows: 
section 2 presents a brief background about the CMMI 
maturity levels in addition to the definition of the 
COCOMO Model. Research motivation and hypothesis 
are introduced in section 3. Section 4 surveys some 
previous studies which are related to this work. 
Sections 5 and 6 describe the method of this work and 
the evaluation measure respectively. The results and 
related discussions are presented in section 7. Finally, 
section 8 offers some conclusions of this work and 
presents recommended future works. 
 
2. Background 

2.1. CMMI Process Maturity Levels 

The Software CMMI is used to rate an organization’s 
process maturity. CMMI provides a number of 
requirements that all organizations can use in setting 
up the software processes used to control software 
product development. CMMI specifies “what” should 
be in the software process rather than “when” or “for 
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how long”. There are five levels of process maturity, 
level 1 (lowest) to level 5 (highest), where each level 
signifies the level of performance that can be expected 
from an organization. For example, maturity level 1 
organizations have ad hoc processes, whereas maturity 
level 2 organizations have a basic project management 
system in place, and so on. The five CMMI maturity 
levels are: initial (maturity level 1), managed (maturity 
level 2), defined maturity level 3), quantitatively 
managed (maturity level 4), and optimizing (maturity 
level 5) [7]. 
 
2.2. COCOMO II Model 

The Constructive Cost Model (COCOMO) was 
originally published in 1981 (COCOMO 81) [4], and 
became one of most popular parametric cost estimation 
models of the 1980s. But in the 90s, COCOMO 81 
faced a lot of difficulties and complications in 
estimating the costs of software that were developed to 
a new life cycle processes such as non-sequential and 
rapid development process models, reuse-driven 
approaches, and object-oriented approaches [2]. Thus, 
COCOMO II was published initially in the annals of 
software engineering in 1995 with three sub models; an 
application-composition model, an early design model 
and a post-architecture model [2]. COCOMO II has as 
an input, a set of seventeen Effort Multipliers (EM) or 
cost drivers which are used to adjust the nominal effort 
Person-Months (PM) to reflect the software product 
being developed. 
 
2.2.1. Effort Estimation 

In COCOMO II, effort is expressed as PM.  Boehm in 
[3] defines the PM as “the amount of time one person 
spends working on the software development project 
for one month”. The COCOMO II effort estimation 
equation is shown in 1. 

 

PMnominal =
�A×SIZEE×� �EMi

N

i=1

 

 

Where 

• A is a baseline multiplicative constant = 2.94. It is 
derived by the COCOMO team by calibrating to the 
actual effort values for the 161 projects currently in 
COCOMO II database. 

• The exponential factor E is discussed in the next 
section. 

• The EM are used to adjust the effort. 
• N is the number of effort multipliers or cost drivers. 
 

2.2.2. Scale Factors (SF) 

In addition the 17 effort multipliers that are used as an 
input to the COCOMO II model, there is a set of five 
scale factors that account for the economies and 
diseconomies of scale in software development 

projects. When there are economies of scale, doubling 
the software size will result in effort being less than 
double the original. Whereas when diseconomies of 
scale are present for a software project, doubling the 
project size will result in more than double of the 
original project effort being needed to complete the 
project [3]. COCOMO II uses equation 2 to calculate if 
a project has economies or diseconomies of scale: 

 

E=B+0.01×� SFj

N

j=1

 

Where B is a constant=0.91. It is derived by the 
COCOMO team by calibrating to the actual effort 
values for the 161 projects currently in COCOMO II 
database. The exponent E in equation 2 is an 
aggregation of five Scale Factors (SF). All scale 
factors have rating levels. These rating levels are Very 
Low (VL), Low (L), Nominal (N), High (H), Very 
High (VH) and Extra High (XH). Each rating level has 
a weight, W, which is a quantitative value used in the 
COCOMO II model. As shown in Table 1, the five 
COCOMO II scale factors are Precedentedness, 
Development Flexibility, Risk Resolution, Team 
Cohesion, and PMAT [3]. The procedure for 
determining PMAT- the factor of interest in this study 
is organized around the Software Engineering 
Institute’s Capability Maturity Model (SEI-CMM). 
 
Table 1. Rating levels and values for COCOMO II scale factors [3]. 
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VL L N H VH EH 

Precedentedness  

(PREC) 
6.2 4.96 3.72 2.48 1.24 0.00 

Development 

Flexibility (FLEX) 
5.07 4.05 3.04 2.03 1.01 0.00 

Risk Resolution 

(RESL) 
7.07 5.65 4.24 2.83 1.41 0.00 

Team Cohesion 

(TEAM) 
5.48 4.38 3.29 2.19 1.10 0.00 

Process Maturity 

(PMAT) 
7.80 6.24 4.68 3.12 1.56 0.00 

 
As can be seen in the first row of Table 1, 

COCOMO II uses six ratings levels of maturity. The 
only difference between CMM and COCOMO II 
ratings levels is in the first maturity level which has 
been divided in COCOMO II into two halves, lower 
half and upper half. According to [8], the CMM level 1 
(lower half) is for organizations that rely on “heroes” 
to do the job. They do not focus on processes or 
documenting lessons learned. The CMM level 1 (upper 
half) is for organizations that have implemented most 
of the requirements that would satisfy CMM level 2. In 

(1) 

(2) 
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CMM’s published definition, level 1 (lower half) and 
(upper half) are grouped into level 1. 
 
3. Research Motivation and Hypothesis 

3.1. Research Motivation 

An increasing number of software development 
organizations around the world have adopted CMMI to 
improve their software development processes [37]. In 
the literature, there are numerous studies on 
significance and benefits of increasing the CMM-based 
organizational maturity levels. However, it is observed 
that there are very limited studies on the impact and 
benefits of the CMMI-based process maturity. It seems 
CMM is still receiving much attention than CMMI 
even though there are continual and widespread 
demands on the evidence about the impact and benefits 
of CMMI-based process maturity from organizations 
that are adopting it [10]. Furthermore, most of the 
available studies and research which focused on 
CMMI are case studies based on quantitative data. To 
the best of our knowledge, qualitative studies on the 
effect of increasing the CMMI maturity levels are 
lacked in the literature. It is believed that CMMI, with 
its high acceptance rate as an SPI framework, requires 
a special investigation on the impact and benefits of 
increasing its maturity levels. 
 
3.2. Research Hypothesis 

The hypothesis of the work presented here is that 
increasing the level of CMMI-based process maturity 
will results in the following: 

1. A decrease in the software development effort. 
2. An increase in the productivity rate.   
3. A reduce the in diseconomy of scale. 

As stated earlier, this study relies on the new CMMI-
based PMAT rating values which are shown in Table 
2. 
 

Table 2. The new PMAT rating values. 
 

PMAT 

Description 

CMMI 

Level 1 

(Lower) 

CMMI 

Level 1 

(Upper) 

CMMI 

Level 2 

CMMI 

Level 3 

CMMI 

Level 4 

CMMI 

Level 5 

Rating 

Levels 

Very 
Low 

Low Nominal High 
Very 
High 

Extra 
High 

New PMAT 

Values 
7.55 5.71 3.81 2.08 1.03 0.00 

 
Since COCOMO II considers CMM level 2 as the 
nominal rating for PMAT, the same consideration is 
for CMMI level 2. Thus, the percentage of increase or 
decrease in effort, productivity and diseconomy of 
scale, will be compared against the nominal CMMI-
based PMAT ratings. 

 
 
 

4. Related Literature 

Numerous researches and case studies have shown 
many benefits of enhancing organizational process 
maturity by using different assessment approaches [6, 
22, 23, 27, 36]. Girish et al. [18] conducted an 
empirical study to investigate the effects of CMM on 
two critical factors in Information Systems (IS) 
implementation strategy, which are project 
performance and software quality. They claimed that 
CMM levels are associated with IS implementation 
strategies and higher CMM levels are relate to higher 
project performance and software quality that lead to 
noticeable reduction in software development effort 
and schedule. From a review of seventeen published 
articles, Galin and Avrahami [15] explored CMM-
based benefits such as defects, rework, schedule, 
productivity, error defection effectiveness, and Return 
on Investment (ROI), concluding that a good 
investment in CMM programs leads to enhanced 
software development and maintenance. Diaz and King 
[11] claimed that increase in CMM process maturity 
results in an improvement in quality, phase 
containment, productivity and rework. In order to 
explore the impact of process maturity on software 
development effort, and based on CMM with the aid of 
161-project sample, Clark in [8] isolated the effects on 
effort of process maturity versus effects of other 
factors, and found that an increasing of one 
organizational process maturity level can result in a 
reduction in software development effort by 4% to 
11%. But this reduction seemed like a generalization 
across all five levels of CMM process maturity, i.e., 
the percentage of effort reduction is not the same 
among all levels. Memon in [29] has reported that 
CMM maturity levels considerably influences the 
software development effort and productivity. El- 
Emam and Goldenson [13] in an comprehensive 
review of studies and publications on the 
implementation of SPI methodologies, including 
CMM, reported qualitative performance improvements 
in terms of, higher quality, higher productivity, 
improved ability to meet development schedules. 
Donald et al. [12] conducted an empirical research to 
find out the relationship between quality of the 
products, organizational process maturity, development 
effort, and project schedule. Their findings indicated 
that process maturity has an effect in reducing software 
development schedule and effort. Another survey-
based study of individuals from SW-CMM-assessed 
software organizations revealed that higher maturity 
organizations are associated with better performance, 
including the ability to meet budget and schedule as 
well as increase staff productivity, product quality, and 
customer satisfaction [20]. Herbsleb and Goldenson in 
[21] showed solid evidence, in a sample of 61 software 
organizations, that high CMM-based software process 
maturity is associated with high performance. 
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Despite the numerous studies that have investigated 
the performance assessment results of CMM-based 
software process maturity and its impact on software 
development effort, there are still very limited works 
on the overall benefits of CMMI-based software 
process maturity [37]. Case studies have also shown 
benefits from CMMI-based software process maturity 
in [14, 16, 17, 19, 25, 28, 32, 34, 37]. Goldenson and 
Gibson in [19] reported some great and credible 
quantitative evidence that CMMI-based software 
process maturity can help an organization achieve 
higher quality products and better project performance 
with lower cost and decreased project effort. Due to the 
limitation of the performance results provided in [19], 
Gibson et al. [17] continued the assessment 
performance of CMMI-based software process 
improvement and provides empirical tangible evidence 
about the performance results that can achieve as an 
outcome of CMMI-based process improvement. They 
reported, “There now is ample evidence that process 
improvement using the CMMI Product Suite can result 
in marked improvements in schedule and cost 
performance, product quality, return on investment and 
other measures of performance outcome”. 
 
5. Research Method 

In order to investigate the impact of CMMI-based 
process maturity level on a variety of software product 
sizes, it is more recommended to classify the software 
sizes in an appropriate manner since size is considered 
the most influential factor in predicting effort of the 
software product [9]. Boehm in [4] has classified the 
software product sizes as small, intermediate, medium, 
large and very large shown in Table 3.  
 

Table 3. Software size classification according to [4]. 
 

Classification Size (KLOC) 

Small (S) 2 

Intermediate (I) 8 

Medium (M) 32 

Large (L) 128 

Very Large (VL) 512 

 
The scale factor PMAT is used here to capture the 

impact of different process maturity levels on software 
development effort for standard size projects classified 
above. 
 
5.1. Effort Estimation 

The basic idea in our research method is quantifying 
the impact of PMAT versus other factors that influence 
the software development effort. To do so, we separate 
the impact of PMAT from other factors because when 
different kinds of improvements are carried out 
concurrently in the organization, project managers will 
have no idea on how to determine the amount of 

improvement gained from process maturity with the 
presence of other factors [8]. In this context, 
COCOMO II model is employed in order to estimate 
the effort of software development. Subsequently, all 
effort multipliers are set to be nominal, i.e., the value 
of 1. Furthermore, as described in Table 4, all scale 
factors except PMAT (the one related to the process 
maturity) are also assumed to be nominal. The effort 
multipliers and scale factors (except PMAT) are set to 
their nominal values in order to isolate their potential 
effects on software development effort. As an example, 
for a nominal PMAT rating and a standard large size 
project, by substituting values in equations 1 and 2, we 
get:  

PMnominal =
�2.94×1280.91+0.01×�18.10�

= �585.21 �� 
 

Table 4. Nominal values for all scale factors in all rating levels 
(except CMMI-based PAMT). 
 

Scale 

Factor 

(SF) 

CMMI 

Level 1 

(Lower)

CMMI 

Level 1 

(Upper)

CMMI 

Level 2 

CMMI 

Level 3 

CMMI 

Level 4 

CMM I 

Level 5 

Very 

Low 
Low Nominal High 

Very 

High 

Extra 

High 

Precedentedness 

(PREC) 
3.72 3.72 3.72 3.72 3.72 3.72 

Development 

Flexibility (FLEX) 
3.04 3.04 3.04 3.04 3.04 3.04 

Risk 

Resolution (RESL) 
4.24 4.24 4.24 4.24 4.24 4.24 

Team 

Cohesion 

 (TEAM) 

3.29 3.29 3.29 3.29 3.29 3.29 

New 

Process  

Maturity 

 (PMAT) 

7.55 5.71 3.81 2.08 1.03 0.00 

Summation 

of All SF 
21.84 20.00 18.10 16.37 15.32 14.29 

 
5.2. Productivity Rate 

In order to test our hypothesis which is increasing the 
level of CMMI-based process maturity increases the 
productivity rate, equation 3 is applied for each 
estimated effort. 

Productivity=
Size

Effort
 

Where Size is the standard size used, and it is measured 
in this formula by thousand lines of codes (KLOC), 
and Effort is the effort estimated in each PMAT level 
for all standard sizes. 

As an example for the productivity, for nominal 
PMAT rating and standard large size project, equation 
3 will be applied to the effort produced in the previous 
section. 

Productivity=
128

585.21
=218.72 

 

 

(3) 
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5.3. Diseconomy of Scale 

Diseconomy of scale refers to relatively more increase 
in effort as compared to the increase in size of a 
software product. That is, doubling the project size will 
result in more than double of the original project effort 
being needed to complete the project. To make this 
concept more clear, Memon [29] suggested dividing 
the standard project sizes discussed earlier by the small 
size (2 KLOC) and then called from small to 
intermediate (from S to I), from small to medium (from 
S to M), from small to large (from S to L), and from 
small to very large (from S to VL). Similarly, their 
corresponding efforts are also divided by the effort of 
small size in order to visualize the effect of 
diseconomy of scale shown in Table 5.  
 

Table 5. Software sizes ratio. 
 

Classification Size Ration 

From S to I 4 

From S to M 16 

From S to L 64 

From S to VL 256 

 
6. Evaluation Measure 

In order to evaluate and compare our proposed results, 
measures of effectiveness are required. In this study, 
the percentage change in software development effort, 
productivity rate and diseconomy of scale are used as 
the primary Measures of Effectiveness (MOE). The 
percent change means either increase or decrease in 
effort, productivity rate and diseconomy of scale. This 
criterion measure will determine the magnitude of the 
effect of different process maturity levels on 
development effort for all standard sizes of software 
projects. To compute these percentages, we will 
assume the nominal rating of PMAT as the base case. 
Hence, the percent of change in effort, productivity, 
and diseconomy of scale is measured by using equation 
4. 

Percent Change=
Parameter-Parameternomi=al

Parameternominal
 

Where Parameter refers to the computed value of 
effort, productivity, or diseconomy of scale at a 
particular PMAT rating. Whereas Parameternominal refer 
to the nominal value of the same parameter. A 
combination of positive and negative changes will be 
seen in the resulted values. A negative value indicates 
percentage reduction in the parameter value and a 
positive one show percentage increase in the 
parameter value. 

 

 

 

7. Results and Discussions 

7.1. Effort 

After applying our method, COCOMO II has estimated 
the effort for all standard project sizes in each PAMT 
rating, Table 6 shows the resulted effort, Table 7 
shows the percentage change in effort in each process 
maturity level for all standard size projects, and Figure 
1 is a visual representation of Table 7.  
   
Table 6. Estimated effort in all CMMI-based PMAT ratings for all 
standard sizes. 
 

Project Effort (PM) Based on PMAT Ratings and Project Size 

Classification Size 
Very 

Low 
Low Nominal High 

Very 

High 

Extra 

High 

Small 2 6.43 6.35 6.26 6.19 6.14 6.10 

Intermediate 8 30.72 29.56 28.42 27.42 26.82 26.25 

Medium 32 146.81 137.74 128.96 121.46 117.12 113.01 

Large 128 701.65 641.73 585.21 538.09 511.37 486.44 

Very Large 512 3353.42 2989.76 2655.59 2383.91 2232.77 2093.81 

 
Table 7. Percent change of effort in all CMMI-based PMAT ratings 
for all standard sizes. 
 

Project Average % Change in Effort 

Classification Size 
Very 

 Low 
Low Nominal High 

Very 

 High 

Extra  

High 

Small 2 2.63 1.33 0.00 -1.19 -1.91 -2.61 

Intermediate 8 8.09 4.03 0.00 -3.53 -5.62 -7.62 

Medium 32 13.84 6.81 0.00 -5.82 -9.19 -12.37 

Large 128 19.90 9.66 0.00 -8.05 -12.62 -16.88 

Very Large 512 26.28 12.58 0.00 -10.23 -15.92 -21.15 

    
Percentage change of effort for standard size projects 

 
PMAT ratings 

 

Figure 1. Percent change of effort in all PMAT ratings for all 
standard sizes. 
  

As shown in Table 6, the results indicate that for 
each improvement in the PMAT rating, there is a 
decrease in the required software development effort. It 
can be noticed that these improvements in the effort 
are more considerable for larger projects size than for 
smaller sizes. Also the percentage change shown in 
Table 7 and graphically in Figure 1 obviously gives the 
same indications. The percent change in required effort 
varies from increase of 2.63% for very low rating of 
PMAT to a decrease of 2.61% for a rating of extra high 
(a total change of 5.24%) for small size projects, 
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whereas for very large projects, the percent change in 
required effort varies from an increase of 26.28% for 
very low rating of PMAT to a decrease of 21.15% for a 
rating of extra high (a total change of 47.43%). 
 
7.2. Productivity Rate 

Table 8 and Figure 2 show the resulted productivity. 
While the percent change in productivity in each 
process maturity level for all standard size projects are 
shown in Table 9 and Figure 3. 
 
Table 8. Productivity rate in all CMMI-based PMAT ratings for all 
standard sizes. 

 

Project 
Productivity (KLOC/PM) Based on ISF-PMAT 

Ratings and Project Size 

Classification Size 
Very 

 Low 
Low Nominal High 

Very 

 High 

Extra  

High 

Small 2 311 315 319.34 323 326 328 

Intermediate 8 260 271 281.50 292 298 305 

Medium 32 218 232 248.13 263 273 283 

Large 128 182 199 218.72 238 250 263 

Very Large 512 153 171 192.80 215 229 245 

 
Productivity rates for standard size projects 

 
                                                        PMAT ratings 
 

Figure 2. Productivity rate in all PMAT ratings for all standard 
sizes. 
  

As can be seen in Table 8 and visually in Figure 2, 
there is a considerable growth in the productivity rate 
in all PMAT levels. They also give a clear indication 
that the productivity rate changes (increases) more 
rapidly for larger projects as compared to smaller 
projects.  
 
Table 9. Percent change of productivity in all CMMI-based PMAT 
ratings for all standard sizes. 
 

Project Average % Change in Productivity 

Classification Size 
Very 

 Low 
Low Nominal High 

Very 

 High 

Extra 

 High 

Small 2 -2.56 -1.31 0.00 1.21 1.95 2.68 

Intermediate 8 -7.48 -3.87 0.00 3.66 5.95 8.24 

Medium 32 -12.16 -6.37 0.00 6.18 10.11 14.12 

Large 128 -16.60 -8.81 0.00 8.76 14.44 20.31 

Very Large 512 -20.81 -11.18 0.00 11.40 18.94 26.83 

 
As shown in Table 9 and graphically in Figure 3, the 

percent change in productivity rate varies from 
decrease of 2.56% for very low rating of PMAT to an 
increase of 2.68% for a rating of extra high (a total 

change of 5.24%) for small size projects. Whereas for 
very large projects, the percent change in required 
effort varies from a decrease of (20.81%) for very low 
rating of PMAT to an increase of 26.83% for a rating 
of extra high (a total change of 47.64%). 
 

     Percentage change of productivity for standard size projects 

 
                  PMAT ratings 

 

Figure 3. Percent change of productivity in all PMAT ratings for all 
standard sizes.  

 
7.3. Diseconomy of Scale  

When the standard sizes were divided by the small size 
(2 KLOC), similarly, their corresponding efforts are 
also divided by the effort of small size to visualize the 
effect of diseconomy of scale as shown in Table 10 and 
Figure 4. To visualize the effect of diseconomy of 
scale, the size ratio has been plotted in Figure 4.  The 
percent change in diseconomy of scale in each process 
maturity level for all standard size projects are shown 
in Table 11 and Figure 5.  
   
Table 10. Diseconomy of scale in all CMMI-based PMAT ratings 
for all standard sizes. 

 

Project 
 Diseconomy of Scale Based on CMMI-Based 

PMAT Ratings and Project Size 

Classification 
Size 

 Ratio 

Very 

 Low 
Low Nominal High 

Very 

 High 

Extra  

High 

From S to I 4 4.78 4.66 4.54 4.43 4.37 4.30 

From S to M 16 22.84 21.71 20.59 19.63 19.06 18.53 

From S to L 64 109.17 101.13 93.44 86.96 83.24 79.75 

From S to VL 256 521.74 471.14 424.02 385.24 363.45 343.27 

 
        Diseconomy of scale for standard size projects 

 
 

Figure 4. Diseconomy of scale in all PMAT ratings for all standard 
sizes.  
 

Table 10 and Figure 4 show that diseconomy of 
scale improves desirably with improvement in PMAT  
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rating levels. They also give an obvious and 
considerable indication that the productivity rate 
changes (increases) more rapidly for larger projects as 
compared to smaller projects. 
  
Table 11. Percent change of diseconomy of scale in all CMMI-
based PMAT ratings for all standard sizes. 
 

Project Average % Change in Diseconomy of Scale 

Classification Size 
Very 

Low 
Low Nominal High 

Very 

High 

Extra 

High 

From S to I 4 5.32 2.67 0.00 -2.37 -3.78 -5.14 

From S to M 16 10.93 5.41 0.00 -4.68 -7.42 -10.02 

From S to L 64 16.83 8.22 0.00 -6.94 -10.92 -14.65 

From S to VL 256 23.05 11.11 0.00 -9.15 -14.29 -19.04 

 
     Percentage change of diseconomy od scale for standard size projects 

 
    Process maturity level 

Figure 5. Percent change of diseconomy of scale in all PMAT 
ratings for all standard sizes. 
 

As shown in Table 11 and graphically in Figure 5, 
the percent change in diseconomy of scale varies from 
an increase of 5.32% for very low rating of PMAT to a 
decrease of 5.14% for a rating of extra high (a total 
change of 10.46%) for small size projects. Whereas for 
very large projects, the percent change in required 
effort varies from an increase of 23.05% for very low 
rating of PMAT to a decrease of 19.04% for a rating of 
extra high (a total change of 42.09%). 
 

8. Conclusions and Future Work  

This paper investigates the impact of CMMI-based 
process maturity levels on software development 
effort, productivity rate and diseconomy of scale for a 
set of standard project sizes. The result of this 
investigation has boosted our hypotheses and revealed 
that the process maturity rating levels based on CMMI 
considerably affect the software development effort in 
terms of productivity and diseconomy of scale, i.e., for 
each higher level of PMAT; there is a decrease in 
effort required, increase in productivity rate and 
reduction in diseconomy of scale, although the 
percentage of (increase/decrease) is not uniform among 
levels. The results also demonstrate that this effect is 
more considerable and significant for larger projects as 
compared to smaller projects. This necessitates the 
adoption of CMMI-based process improvement for 
software organizations that are developing projects of 
large sizes. As a result of investigating the impact of 

process maturity on effort, it seems reasonable to 
support the suggestion that PMAT is a significant input 
to software cost estimation models.  

Future work in the area of CMMI-based process 
maturity requires collecting historical data for each of 
the 22 process areas used in CMMI in order to examine 
which process area has most impact on effort, 
productivity, and diseconomy of scale. In addition, 
unlike SW-CMM, CMMI has two different 
representations; Staged and Continuous. This study 
focused on the staged representation; therefore, further 
research is recommended to be conducted on the 
impact of CMMI-based Process capability from the 
continuous representation perspective.   
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