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Abstract. CMMI practices can be poorly implemented leading to weak per-
formance gain. SCAMPI verifies model compliance but not performance.
Hence, a framework to evaluate the quality of implementation of each practice,
based on compliance and performance results, will prevent poor implementa-
tion, locate and fix problems, and ultimately achieve better results. In this paper
we propose such a framework, based on a combination of leading and lagging
indicators measuring compliance, efficiency and efficacy.
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1 Introdution

Capability Maturity Model Integration® (CMMI®) is a process improvement model of
products and services, composed of 5 maturity levels (ML) achieved via implementa-
tion of the specific and generic goals of that ML and all the preceding ones. To satisfy
a goal the generic and specific practices or acceptable alternatives to them need to be
fulfilled [1]. Organisations that implement CMMI typically improve their perform-
ance in terms of predictability, productivity and product quality. Consequently, proc-
esses become more predictable and customer satisfaction increases [2]. However, not
all organisations have the same performance results; this depends not only on the
business context, projects and team but also on the methodologies used in implemen-
tation of the model. In a study presented in [3], organisations using the Team Soft-
ware Process™™ (TSP*™) achieved better product quality performance than the average
of organisations appraised as CMM® (Capability Maturity Model®) level 5. There is
more variance in performance results when using CMMI, as it is a generic model
telling what to do but not how to do it. When using a prescriptive process like TSP,
results are more predictable.
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CMMI Version 1.3 emphasises improvements in organisations performance [1],
i.e., it clarifies that organisations need to focus processes on business goals and im-
plement performance improvements to achieve goals that are continuously evolving.
The Standard CMMI Appraisal Method for Process Improvement™ (SCAMPI*M)
appraises compliance of organisation processes, activities and outcomes with CMMI,
however evaluating performance lies outwith its scope.

CMMI compliance is not a guarantee of good performance per se, i.e., there is high
variance in performance results within a maturity level [4, 5]. There are several causes
for this problem, in particular: 1) Practices are not used organisation wide [7]; 2)
Poor, or highly varied, implementation of practices leading to multiple solutions
results in a lack of clear impact on performance or project improvement [5]; 3)
Baselines quickly erode after achieving a certain maturity level [7]; 4) Measurement
problems, such as metrics uncorrelated and meaningless to upper management, being
useless [9]; measures that are unrelated to customer and business objectives [6];
process performance baselines that are not applicable to all projects [7]. In conclu-
sion, as Peterson stated, the big issue is CMMI implementation [5]. To help prevent
these problems we propose a framework that provides a catalogue of performance
metrics, mapped with CMMI practices and potential organisation goals, used to
monitor CMMI implementation across the organisation and through time, to evaluate
quality of implementation of CMMI practices and measure effects of process im-
provements. The framework is inspired by TSP, which is focused on performance
results and defines quantitative criteria for process and product quality [8].

2 Framework Proposal

We present the proposed framework in the upper left corner of Fig.1, including its
components and how organisations can apply it in practice. The framework is com-
posed of a metamodel, shaping a repository of performance indicators, to evaluate
the quality of implementation of CMMI practices, possibly dependent on the methods
used to implement those practices. The performance indicators will be tailorable,
defined as mandatory or optional, and will be mapped with profiles according to ma-
turity level and methods of the organisation. Additionally, the framework includes
procedures for setup (tailoring), use in practice and supporting choice of indicators.
The framework is developed in two stages: the first is presented in this paper, defining
structure, concepts and metamodel; the second is building a repository, calibrated
with historical data, which will be object of our future research work.

In general, we propose to characterise the quality of implementation of a CMMI
practice by a combination of efficiency and efficacy of implementation, on one hand,
and compliance of implementation on the other (i.e., alignment with CMMI recom-
mendations or with what is prescribed by the concrete implementation method used),
all measured by appropriate performance indicators (PI), possibly dependent on the
practice and implementation method used. By considering these three quality charac-
teristics, we are looking both at how the work is done and what its performance results
are. For instance, assume we want to evaluate the quality of implementation of specific
practice “SP2.2 Conduct Peer Reviews” of the Verification process area. Assume that
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Fig. 1. Framework structure and metamodel: org-organisation, dep-department, proj-project [7]
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reviewing follows two TSP guidelines: use checklists derived from historical data, and
review at a moderate pace. Here, one can measure efficacy by review yield (percentage
of defects detected), efficiency by defect detection rate (defects detected per hour), and
compliance by checklist usage (a qualitative PI with values, not used, had-hoc check-
list, and checklist derived from historical data) and review rate (size reviewed per
hour), compared with some recommended values.

A rich set of PI usually combines process and product indicators, and leading and
lagging indicators. In the given example, review yield is a lagging performance
indicator, as the remaining defects can only be known a posteriori. Compliance indi-
cators are often leading indicators; they influence and can be used to predict and
control the values of lagging indicators. In the example, review rate is commonly
considered a leading indicator of the review yield in TSP literature. The density of
defects found in a review is a product performance indicator, whilst the review rate
is clearly a process performance indicator. To evaluate the quality of implementa-
tion of methods and CMMI practices, organisation data is analysed through indica-
tors evaluation. For that, PI are collected (normally in projects), at a given time, and
their numerical value is compared with a threshold. Thresholds have different lev-
els, used to determine the PI semaphore colour (red, yellow, green), established ac-
cording with the organisation quantitative business goals and processes baselines, and
define its normal behaviour regarding a PI.

There are three dimensions of aggregation of evaluation results: time, target and
source. Aggregation in time is done by analysing organisation data in a selected pe-
riod, given the methods and thresholds at that moment. The target of the evaluation
can be a PI, a method or a CMMI practice. For each method it may be necessary to
monitor one or more PI. A method is evaluated through a semaphore, whose colour is
given by the analysis of the PI semaphores. For that reason numerical value is op-
tional and semaphore is mandatory. Since we map methods with CMMI practices,
the aggregation of the evaluation of each method used (mandatory, alternative or
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optional) gives the semaphore colour of the practices. The source of the evaluation
can be: a project, evaluated by aggregating PI evaluation; a department, evaluated
by aggregating its projects’ evaluation; or the entire organisation, evaluated by
aggregating its departments’ evaluation. Aggregation at organisation level indicates
the degree of institutionalisation of the practices necessary to achieve generic goals
and high maturity, and consequently allow their evaluation. A project, department or
organisation can also use target aggregation to evaluate a method or a CMMI
goal/practice. The evaluation by aggregation of colours is done as follows: green — all
green; yellow — at least one yellow and no reds; red — at least one red. We are aware
that results aggregation can be more complex.

To find the adequate PI to populate the framework repository, we will undertake bib-
liographical research and analyse industry data. The value of a PI (e.g. effort estimation
error) is influenced by two parcels: one is related to process (e.g. estimate effort) defini-
tion and execution, comprised of controllable factors (e.g. size, historical data); the
other is comprised of non-controllable factors, related to project execution and other
environment, complexity and context variables (e.g. change requests, complexity). Con-
trollable factors (leading indicators) can be used to improve PI in advance. By experi-
ment we will analyse organisations data to determine the percentage of each one of
these parcels, to know the percentage of the PI value which may be influenced in ad-
vance. We will also analyse effects of individual controllable factors, determine recom-
mended values for each one of them and consequently guarantee that implementation of
CMMI practices leads to better performance. This step of the research is under devel-
opment. For calibration we will use different organisations projects data and, when
completed, the framework will be tested in an organisation.

3 Related Work

There are several frameworks to evaluate success factors in metrics programs [9] and
in Software Process Improvements (SPI) [10]. The analysed success factors are re-
lated to the way SPI is done, and not to improving processes outputs. There are ob-
ject-oriented models [11] and metamodels that can be used to develop measurement
repositories [12, 13], which can also be aligned with CMMI [11, 14-16] and shape
processes [15, 16]. Similar metamodels can be useful to unambiguously define PIL
[13] describes a framework to measure processes based on their structure and rela-
tions. In our research, when measuring a practice we are focused not only on compli-
ance but also on its efficacy and efficiency. In addition, there are tools to collect and
align SCAMPI evidences. [17] proposed a method introducing quality metrics to
evaluate SCAMPI, but does not evaluate how CMMI practices are implemented or
organisation performance. [18] designed an evidence repository to assess projects
activities by number of executions. Nonetheless, it is possible that an evidence is gen-
erated but empty, showing that the activity was not performed.

In the case of our framework, the primary evaluation criterion is not the way proc-
ess improvement implementation is done, but the value, i.e. the outcome for the
organisation, of the goal/practice itself. For that we need to understand what the ad-
vantage of using it is and whether the organisation benefits from it or not.
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4 Conclusion

The proposed framework shall support organisations to: 1) implement CMMI by pro-
viding a pool of methods, aligned with practices, and performance indicators to
monitor them; 2) choose methods for their adequacy and performance in context; 3)
evaluate quality of implementation of CMMI practices early; 4) monitor process per-
formance to act before problems occur; 5) anticipate impact of process changes on
performance indicators; 6) understand, more accurately, causes of problems; 7) priori-
tise performance improvements. SEI will be able to assess performance improvements
from one appraisal to the next. Aggregation is particularly relevant to evaluate Gener-
ic Goals and High Maturity Levels and performance indicators are useful to evaluate
quality of implementation.
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