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Abstract

In these days, there exist some maturity & capability models, standard methodologies and guide-
lines to help organizations to improve their processes and the way they work. In software area,
there are Software Process Assessment Models like ISO/IEC 15504. This model provides guidance
for assessing the organization’s capacity about software development and his maturity on imple-
mented processes. Software Process Assessment models don’t provide systematic metrics for as-
sessing the Software Process. Therefore, this process has to be performed by experienced asses-
sors who use their own subjective estimations for quantitative measures or by using established
metrics. This article presents a tool proposal designed for supporting the software process as-
sessment and helps to determine the organization’s capability on his software development
process from ISO/ IEC 15504 (SPICE) model perspective.
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1. Introduction

When we talk about the quality of a product, we have to talk about the quality of the process used to build it,
assurance on fulfillment of the activities performed in a software product development, the achievement of
software norms and standards and the certainty on activities that are performed with expected levels and factors
that strengthen reliability on an application’s performance and that fulfill the purposes for what it has been
created. At this point, it can be said that the product is made with quality and the chance of meet some failure is
reduced to good acceptance levels so the user can handle it.

Many industrial software organizations have done efforts to improve their software process, based on 1SO/
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IEC 15504 and CMMi approaches. In this order, they can improve the software quality by improving their capa-
bilities and productivity on software development process by trying diverse approaches [1]-[8].

The process assessment enables identification on process’s capability and based on previous assessments it
can be expected a process improvement by identifying the strengths, weakness and risks of the process, so it can
be prevented. This article presents a tool proposal for supporting the collection of results of applied metrics by
experts assessors, analyzes and reports the capability level in which an organization is on the software develop-
ment process.

2. Background
2.1. Software Process Improvement

Software development models have evolved in a radical way and with great speeds to meet the needs and re-
quirements on the market, we can consider from waterfall model proposed by Royce in 1970 until recent agile
methods like eXtreme Programming as one of the most used at present [9].

Besides the evolution on software development process, one of the main approaches to search software prod-
uct quality is software process improvement, in this sense; several models have been developed like CMM,
ISO/IEC 15504 and CMMIi, which have been focused on the determination of capability and maturity of process
in software development organizations [1] [10].

2.2. CMMI (Capability Maturity Model Integration)

CMMi is a maturity model which supports product development process improvement and it was developed by
the Software Engineering Institute (SEI) at Carnegie Mellon University [1]. It’s the result of the study of the best
practices on development and maintenance activities that cover the entire life cycle of the product, from concep-
tion until the delivery and maintenance. Its main purpose is to help organizations to improve their development
and maintenance process on products or services.

This process model has evolved according the needs, improvements and additions made on the model. At this
time, it’s defined the CMMIi-DEV v.1.3 that encourages the development process [1].

In addition, this model handles two representations: staged and continuous. The continuous representation of-
fers maximum flexibility when a CMMi model is used for process improvement. The staged representation of-
fers a systematic and structured way to get close to process improvements by establishing maturity levels, which
eliminate interpretations on process improvements [1].

Each process area defined in the model has the structure shown in Figure 1.

2.3.ISO/IEC 15504

This model helps in the assessment on maturity levels of implemented process inside organizations, process that
meets models related to software’s life cycle [10]-[14].

Those processes are organized on three categories (Table 1): Primary life cycle process, Organization life
cycle process and Support life cycle process, which assure the entire cover of the organization.

The assessment of maturity process is made by identifying the present condition of the process to support the
process improvement activities in the organization. Define a Process Assessment Model which supports the
performance of an evaluation by providing guide indicators for the process’s purposes.

For capability dimension, process’s levels are expressed in terms of attributes grouping capability levels. At-
tributes are process’s elements that can be assessed in an achievement scale, providing a capability process mea-
sure and it can be applied to all processes.

Each process attribute describes a facet on the capability of handling and improving effectiveness of a process
to achieve their purpose and to contribute to business goals in the organization. A capability level is a set of
process attributes working together to give a bigger improvement on a process performance.

The levels constitute a rational way of progressing through capability process improvements and are defined
on ISO/IEC 15504-2 [10] [11] [13] [14].

There are six levels in the reference model [10] [13]:

e Level 1. Made. The implemented process reaches his main purpose.
e Level 2. Managed. The process is implemented and with a managed level which allows planning, monitoring
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Process Area

Purpose Introductory Related
Declarations notes Process Areas

Specific Goals Generic Goals

Specific Generic
Practices Practices

Generic
Subpractices Subpractices Practices
elaboration

Typical work
products

Figure 1. Process area’s components [1].

and making adjustments. The work products are defined and established properly, controlled and maintained.
e Level 3. Established. The process is implemented using a defined process and it’s able of achieve the ex-

pected results.

Level 4. Predictable. The process works with defined limits to achieve expected results.

Level 5. Optimized. The process is improved continuously to reach the relevant, present and projected busi-

ness goals.

In addition, on each one of this levels are incorporated nine attributes defined on Table 2.

There are two types of indicators on process assessment: the process attributes indicators (applied to capabili-
ty levels 1 to 5) and performance process indicators (applied exclusively to the first capability level).

Those indicators give examples of evidence an evaluator should get and watch through an assessment. The
evidence get on the assessment, by observing the implemented process, can be mapped to the set of indicators to
enable the correlation between the implemented process and the defined process in this assessment model.

The indicators give guidance to evaluators with objective evidence accumulation needed to support the capa-
bility judgments, but not pretending to be considered as a set of obligated considerations.

3. Software Tool (Spice Level Tool)

Exists in the market commercial tools for supporting the software process assessment, some are oriented for re-
search purposes and some are oriented to be commercialized formally [5] [11] [14]. The proposed tool in this ar-
ticle was created on a spreadsheet, and requires no installations, just requires to be installed Microsoft Excel to
work with it.

Software Metrics are not considered on the tool, so you can use any metric defined formally or created by you,
giving the flexibility of using the metric you want. The tool is focused in supporting the collection of data
thrown of the applied measures by the assessors.
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Table 1. Process categories on ISO/IEC 15504 [10].

PRIMARY Life Cycle Processes

Acquisition Process Group (ACQ)
ACQ.1 Acquisition preparation
ACQ.2 Supplier selection

ACQ.3 Contract selection

ACQ.4 Supplier monitoring
ACQ.5 Customer acceptance

Supply Process Group (SPL)
SPL.1 Supplier tendering

SPL.2 Product release

SPL.3 Product acceptance support

Engineering Process Group (ENG)
ENG.1 Requirements elicitation
ENG.2 System requirements analysis
ENG.3 System architectural design
ENG.4 Software requirements analysis
ENG.5 Software design

ENG.6 Software construction

ENG.7 Software integration

ENG.8 Software testing

ENG.9 System integration

ENG.10 System testing

ENG.11 Software installation

ENG.12 Software and system maintenance
Operation Process Group (OPE)
OPE.1 Operational use

OPE.2 Customer support

ORGANIZATIONAL Life Cycle Processes

Management Process Group (MAN)
MAN.1 Organization alignment
MAN.2 Organization management
MAN.3 Project management
MAN.4 Quality management
MAN.5 Risk management

MAN.6 Measurement

Process improvement Process Group (PIM)
PIM.1 Process establishment

PIM.2 Process assessment

PIM.3 Process improvement

Resource and Infrastructure Process Group (RIN)
RIN.1 Human resource management

RIN.2 Training

RIN.3 Knowledge management

RIN.4 Infrastructure

Reuse Process Group (REU)

REU.1 Asset management

REU.2 Reuse program management
REU.3 Domain engineering

Operation Process Group (OPE)
OPE.1 Operational use
OPE.2 Customer support

SUPPORTING Life Cycle Processes
Support Process Group (SUP)

SUP.1 Quality assurance SUP.6 Product evaluation

SUP.2 Verification SUP.7 Documentation

SUP.3 Validation SUP.8 Configuration management
SUP.4 Joint review SUP.9 Problem resolution management
SUP.5 Audit SUP.10 Change request management
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Initially, the tool has a module where assessors can register their qualitative observations about evidence
found for each base practice assessed and considered on process areas defined on ISO/IEC 15504 (Figure 2).

The information registered at this point will be used at the final report for constructing the suggestions for
each base practice. The data is stored in the same spreadsheet, avoiding the need of external databases.

For quantitative results are used the module for attributes assessment (Figure 3). The application of different
metrics throws numerical results that are registered at this module for each base practice and process area. The
information collected in this module will be used to determine the capability level of the organization.

The quantitative information can be obtained by any metric instrument the user wants. The tool proposed
doesn’t involve any specific metric, it just take the process from the capture of the results of metrics applied.

The results must be captured in a percent form, if metrics used throws another scale; results must be trans-
formed by the user, so it can be captured by the tool proposed.

Once the evaluation’s information of all groups was registered, we can analyze the average status of each base
practice individually (Figure 4).

The average tells us the level of capacity where the practice is (I) Incomplete, (R) Made, (A) Managed, (E)
Stablished, (P) Predictable and (O) Optimized.

The tool marks with the number “1” the average level of each base practice.

Also we can analyze the graph for each process area to watch the tendency of the data collected and that
shows the level of each base practice (Figure 5).

Finally we can visualize the global result by each process category; also we can read all the suggestions made
by the assessors about the evidence found on each evaluated instance (Figure 6).

Table 2. Base practices attributes [10] [13].

1. The process execution uses a set of base practices to produce certain outcomes.

2. The process running is managed to obtain the products in an established time and with the established resources.
3. Products are documented, controlled and fulfill with his functional and non-functional requirements.

4. The process is defined according a standard.

5. Human resources and infrastructure are used efficiently.

6. The process has goals and metrics to assure its implementation to contribute to business goals.

7. The process controls and adjusts itself by analyzing its defined metrics.

8. The changes are controlled on the definition of management and process execution.

9. Changes are identified and implemented in the process to allow continuous improvement.

Management (MAN) -

i I
E—

I Project Management
Quality Management

[| Risk Management _

Figure 2. Process area’s components.
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Attribute Assessment Format

General Process | Management (MAN)

Subcategory ‘ Project Management

Instance 1 Base Practice |

Base Practice

Ll o]

Percentage Description
PA1.1.- 0 % |Process running use a set of base practices on input data in order to produce specific output
PA 2.1.- 0 % Process running management is oriented to get products in defined time and resources.
PA22.- 0 %  |Products are well documented, controlled and lish with fi | and non fi | requirements_
PA 3.1.- 0 %  |Process is defined according standards.
PA 3.2.- 0 % |Human Resources and infrastructure are used efficiently
PA4.1.- 0 % Process has defined metrics and goals to assure the contribution to business goals.
PA4.2.- 0 % Process is controlled based on its metrics analysis.
PA5.1.- 0 % |Changes are controlled in the management and running process.
PA 5.2.- 0 % Process changes are identified and implemented to continuous improvement.

Figure 3. Capture attributes evaluation.

Base Practices on CUSTOMER
Process Categorv

Base Practices of the Assessment Process Model proposed by ISO/IEC TR15504-5:1998(E)

#| - Incomplete

#R — Made

#A — Managed

#E — Established

#P — Predictable

#0 - Optimized
Assessed Groups: 2
Base Practices Level | Capacity Average Level
Key I.R:A-EP:O | R:EAE:P:0 ' S. STATUS
CUS.1.1.BP1 0:0:2:0:0:0 1 2 OK
CUS.1.1.BP2 0i1:i1:0:0:0 1 2 0K
CUS.1.1.BP3 0i1:1:0.0:0 1 H oK
CUS.1.1.BP4 0:i0i2:0,0:i0 1 2 0K
CUS.1.2.BP1 0:i1i1:010:0 1 2 0K
Software CUS.1.2.BP2 1i0i1:0 050 1 2 oK
Acquisiti CUS.1.2.BP3 0:0:2:0 0:i0 1 2 0K
CUS.1.3.BP1 0i0:2:0:0:0 1 2 0K
CUS.1.3.BP2 0:0i1:1:0:0 1 2 0K
CUS.1.3.BP3 0:1:0:1:0:0 1 2 0K
CUS.1.3.BP4 0:1:0:1.0:0 1 2 OK
CUS.1.4.BP1 0 i0ititi0:0 1 2 0K
CUS.1.4.BP2 0:1:0:1.0:0 1 2 0K
CUS.2.BP1 00171010 1 2 0K
CUS.2.BP2 0:0:2:0:0:0 1 2 OK
=
o Needs 16158 5 Bp3 R 7 5 Bk
= CUS.2.BP4 0 r0:2:0:0t40 1 2 0K
CUS.2.BP5 0.0:2:0:0:0 1 2 0K
CUS.3.BP1 0 0:i1:0 0:0 1 1

Figure 4. Base practice average status.

Base Practices on CUSTOMER Process Category

Base Practices of the ment Process Model proposed by ISO/IEC TRIS304-3:1995€

Average 1.4375
Difference 0.4375

Total Love RN | [ ovmss

#0 - Incomplete

#1—Made

#2 - Managed

Claves

#3 _ Established

#4 _ Predictable.

Grades i Average Capacity
Key Description 0 1i273/a 5 j0l11213al5}
CUS1.1BP1 _Identify acquisition, development, improvement of senices needs D 02 000
CUS'1 18P2 " Identify systemisoftwars rsquirements 0 11 000
CUUST71'BP " Prepare strategy to product acquisition PRI
CUS1/1BP4 " Define acceptance riles and assessment I
CUS1.2BP1 Identify and document requirements acquisition 0 111 0i00
CUS{'3'BB% ™ Provider Seiection according to capacity assessment and proposais PP PR
Sﬂfffl‘/_lfﬂ CUS12BP3 Deal a contract where responsabilitiss and obligations of customer and prowdsr | o g" 5 g g1 o
. CUS1.3BP1 Keepl Ebr e providing information about progress, costsand | g g 20100
CUSTH BB Rovew tathrical 1ss0ss wih provider IR P
CUS.1.3BP3 " Monitoring acquisition o100l
CUUS'173'8P4 " Wonitoring accomplished agreements with provider PRI
CUS14BP1 Final Product Assessment D 0.1 1100 T
CUS.1:4.BP2 " Product or senice acceptance when all conditions are completed. 01010t

Figure 5. Graph of the average by base practice.
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SUMMARY | Mo ‘
Management (MAN) 2
Customer (CUS) 1
Support (SUP) 3

Engineering (ENG) 2 Suggestion%

Instance Base Practice Suggestions

1 ENG 1.1.BP.6 1) It is mandatory identifying clearly WHY a Base Practice is done in order to
reach acceptance and satisfaction in running the Base Practice. this help to
workers to understand their jobs.

2) Not Identifying WHEN a Base Practice is done could impact adversely other
Base Practices that depends on its completion.

Figure 6. Global summary.

4. Conclusions

This article focuses on the tool proposal for software process improvement based on ISO/IEC 15504(SPICE)
model because it’s a model oriented to self-assessment of software development organizations or with a soft-
ware development area. One of the advantages is the design of the tool which is considered on common software
tools as spreadsheet, in this way, is unnecessary software installations or other kind of data manager like data-
base software.

Another advantage of this proposal is that no metric is implemented, so it’s independent of which metric is
used or applied. It focuses on the collection of quantitative data thrown as a result of measurement methods or
established metrics. Afterwards, the analysis is done and the reports are built. This reports show the results of
the average of each base practice which reflects the average level of that practice in the organization.

At the end, the final report contains the whole suggestions by process area that the organization should work
on to improve their own process, supporting the qualitative evaluation of the assessors.
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