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[LETTER

Extended Metrics to Evaluate Cost Effectiveness of Software

Inspections

Giedre SABALIAUSKAITE', Student Member, Shinji KUSUMOTO", and Katsuro INOUE'", Members

SUMMARY  Software inspection is one of the most effective methods
to detect defects. However, inspections are not always worthwhile. This
letter proposes an inspection cost model to describe inspections-related
costs and extended metrics to evaluate the cost effectiveness of software
inspections.

key words: software metrics, cost effectiveness, software inspection

1. Introduction

For more than twenty-five years software inspections have
been considered an effective and efficient method for soft-
ware quality improvement [3], [4],[9]. The goal of inspec-
tions is to detect defect before the testing stage begins. Ac-
cording to the data published in the literature, software de-
sign inspections save on average 44% of the defect detec-
tion costs, and code inspections save on average 39% of the
defect detection costs [1]. However, are the software inspec-
tions always worthwhile?

In order to evaluate the effectiveness of the inspections
with respect to software development cost, several metrics
have been previously proposed [2], [3], [6]. Collofello et al.
have taken into account of the costs consumed and saved
by inspections and proposed a metric, called Cost Effective-
ness [2]. Kusumoto et al. proposed a metric M} for evaluat-
ing cost effectiveness of inspections, which is based on the
degree to which costs to detect all faults from the software in
a project are reduced by inspections [6]. Yet, none of those
metrics includes the information about false positives (the
issues that require no repair) introduced during inspection,
although the rework of false positives is costly and can in-
troduce new defects [8], [12].

This letter presents a) an inspection cost model that de-
scribes all costs related to inspections, b) extension of the
metric M; to evaluate the cost effectiveness as well as the
losses of inspections. Proposed cost model and metrics can
be useful for project managers to decide whether inspections
are worthwhile.

The structure of the letter is as follows. Section 2 de-
scribes the inspection process. Section 3 describes the in-
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spection cost model. In Sect. 4, we review the existing met-
rics to evaluate software inspections. Section 5 presents
the extended metrics for software inspection evaluation. In
Sect. 6, we compare extended metrics to Collofello’s met-
ric and M;. Section 7 concludes the letter with an overall
summary and directions for future research.

2. Inspection Process

Software inspection as structured process was first described
by Fagan [3]. It consists of the following stages: Planning
(moderator ensures that the entry criteria are met); Overview
(author of the product presents the review team an overview
of the product); Preparation (individual reviewers analyze
the work product with the goal of understanding it thor-
oughly); Inspection meeting (reviewers meet face-to-face in
an inspection team to scrutinize the work product for de-
fects); Rework (author performs rework to correct the iden-
tified defects); Follow-up (moderator verifies that all the de-
fect have been corrected). Recently, the goals of prepara-
tion and inspection meeting stages have been modified. The
common modification is to include defect detection as an
explicit goal of preparation [7], [10], [11]. Furthermore, sev-
eral researchers [5], [10], [13] discuss if the inspection meet-
ings are really necessary, because they increase the cost of
software inspection and usually do not detect more defects
than it was already detected during preparation stage.

We will introduce two diagrams (Fig. 1 and Fig.2) to
explain the life-cycles of defects and false positives respec-
tively. These diagrams show in what stages defects and false
positives are being introduced, detected and removed.

The life-cycle of a defect is depicted in Fig. 1. It shows
four cases of defect’s life-cycle: d1, d2, d3 and d4. In all the
cases, defects are introduced before inspection process be-
gins, for instance during designing or coding. According to
Fagan’s model [3], defects are detected and confirmed dur-
ing inspection meeting stage, and removed by author during
rework (case d1). However, defects are usually detected by
individual reviewers during preparation, confirmed by in-
spection team during inspection meeting, and removed by
author during rework (case d2). In some cases, defects are
detected during preparation, however not confirmed as de-
fects during inspection meeting (case d3). Some defects are
not detected during inspection at all (case d4). In cases d3
and d4, defects are detected and removed only during test-
ing.

The life-cycle of a false positive is shown in Fig.2. It
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Fig.2  Life-cycle of a false positive.

identifies five cases of false positive’s life-cycle: f1, {2, {3,
f4 and f5. False positives can be introduced during prepara-
tion or inspection meeting stages. In cases when false pos-
itives are introduced during preparation stage, they can be
detected and excluded from defect list by inspection team
during inspection meeting (case f1) or by author during re-
work (case f2). False positives introduced during inspection
meeting can be detected and excluded from defect list by
author during rework (case f4). However, if false positive
is not excluded from the defect list, the rework will be done
and consequently a defect may be introduced, which will be
detected and removed only during testing (cases 3 and f5).
The goal of the inspection is to ensure that the mini-
mum number of defects and false positives reaches testing.

3. Inspection Cost Model
3.1 Traditional Cost Model
The traditional inspection cost model consists of the follow-
ing components [6] (Fig.3): C, — cost spent for inspection;

C; — cost needed for testing; AC; — testing cost saved by in-
spection; Virtual testing cost — testing cost if no inspections
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are executed. By spending cost C, during inspection, the
cost AC, is being saved during testing.

3.2 Extended Cost Model for Preparation Stage of Inspec-
tion

In order to evaluate the influence of the false positives intro-
duced during preparation stage of inspection over the testing
cost, we extend the traditional cost model. The following
additional costs are defined (Fig.4): C,pgr — cost spent to
detect actual defects during preparation; C,rp — cost spent
to detect false positives during preparation; C;pgr — cost
needed for testing to detect remaining defects; C;rp — cost
needed for testing to detect defects introduced by false pos-
itives during preparation.

In this model, by spending cost C,pgr during inspec-
tion, the testing cost AC; is being saved. However, by spend-
ing the cost C,pp during inspection, the cost C,pp is being
added to the testing cost. Therefore, the costs C,gp and C,pp
are the preparation stage losses (Fig. 4).

3.3 Extended Cost Model for Preparation and Inspection
Meeting Stages of Inspection

Inspection meetings are usually carried out after prepara-
tion stage is completed. However, several authors question
the usefulness of the meetings [5], [10], [13]. To enable the
evaluation of the benefits and the losses of inspection meet-
ings, we propose an extended cost model for preparation and
inspection meeting stages (Fig. 5).

The following are the costs (Fig. 5): C,,per — cost spent
to confirm actual defects detected during preparation stage;
Crp — cost spent to confirm false positives detected during
preparation stage; Cpapp_per — cost spent to detect addi-
tional defects during inspection meeting stage; Ciyapp_rp —
cost spent to detect additional false positives during inspec-
tion meeting stage; C,rosT_per — COst spent to eliminate
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stages.

actual defects detected during preparation stage; Cgrim_rp
— cost spent to eliminate false positives detected during
preparation stage; C,app_pp — cost needed for testing to
detect defects introduced by additional false positives de-
tected during inspection meeting stage; Cyros7_per — testing
cost needed to detect defects lost during inspection meeting
stage; AC,app_per — testing cost saved by additional defects
detected during inspection meeting stage; AC;gr1y_pp — test-
ing cost saved by false positives eliminated during inspec-
tion meeting stage; AC;pgr — testing cost saved by defects
detected during preparation and confirmed during inspection
meeting stages.

In this model, cost C,grim_pp spent to eliminate false
positives, reduces the testing cost by AC,gry_rp; and cost
CurosT_pEF, spent to eliminate actual defects, increases
testing cost by Cyost_per. Inspection meeting cost spent
to detect additional defects, C,,app_per, reduces the test-
ing cost by AC;app_per; and inspection meeting cost spent
to detect additional false positives, Cpapp_rp, increases
the testing cost by Ciupp_rp. In other words, the costs
Curost_pers Cmapp_rp, Cirost_per and Ciapp_rp are the
costs lost by inspection meeting (Fig. 5).

Inspection meeting costs C,pgr and C,,pp, spent to
confirm defects and false positives detected during prepara-
tion stage, do not increase or reduce testing costs; however,
they increase the overall inspection cost.

4. Metrics to Evaluate Software Inspections
4.1 Fagan’s Metric

Fagan[3] introduced the Error Detection Efficiency metric
M for measuring inspection efficiency. M/ is defined as
the number of defects found during inspection over the total
number of defects in the product existing before inspection.
We define the total number of defects in the product exist-
ing before inspection as DEF,;,;, and the number of defects
found during inspection as DEF,. Then we get the follow-
ing equation:
_ DEF,
DEF total ’

As we can see from Eq. (1), metric My does not account

My (1
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for the cost expended for inspection.
4.2 Collofello’s Metric

Collofello and Woodfield [2] proposed Cost Effectiveness
metric M., which is defined as a ratio of the “cost saved
by the process” to the “cost consumed by the process”. Us-
ing the notation described in Sect. 3.1, we get the following
equation:
AC,

M. = c )

Although metric M, takes into account the costs con-
sumed and saved by inspections, it does not take into ac-
count the total cost to detect all defects in the software prod-
uct by inspection and testing.

4.3 Kusumoto’s Metric

Kusumoto et al. [6] proposed a metric M; to evaluate the
cost effectiveness of software inspections in terms of reduc-
tion of cost to detect and remove all defects from software.
Using the notation described in Sect. 3.1, we get the follow-
ing equation:

AC, - C,

M, = ~—_ ="
kT C ¥ AC,

3)

M, is a ratio of the reduction of the total costs to detect
and remove all defects from documents using inspections
in a project to the virtual testing cost. The testing cost is
reduced by AC, compared to the virtual testing cost (C, +
AC)) if no inspection is executed (see Fig. 3).

5. Extended Metrics
5.1 Need for New Metrics

Among metrics My, M. and My, metric My, is the most prac-
tical one to evaluate the cost effectiveness of inspections.
However, it includes only the total cost spent on inspection,
not taking into consideration the composition of the inspec-
tion cost, which was described in Sect. 3.

We decided to extend metric M), to conform to the ex-
tended cost model. Section 5.2 presents metrics for the
extended cost model for preparation stage, and Sect.5.3
presents metrics for the extended cost model of preparation
and inspection meeting stages.

5.2 Extension of Metric M for Preparation Stage

In accordance with extended cost model for preparation
stage (see Sect.3.2), cost AC, is a testing cost saved by
preparation, and costs C,rp and C,rp are the costs lost by
inspections, since additional effort is being spent during in-
spection for the detection of false positives, and those false
positives cause additional cost during testing (see Fig.4).
We want to introduce a new metric M, ;py to evaluate the
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Preparation Losses, which is the ratio of “cost lost by in-
spections” by “cost saved by inspections”:
Crrp + Cirp

M;_ipy = AC, “)

Not only the costs C,rp and C,pgr, but also Cipp is
the cost caused by inspection, since additional effort is be-
ing spent during testing to remove the defects introduced by
false positives during preparation stage. Therefore, we want
to introduce a new metric M,_;py, which is an extension
of metric M; (see Eq.(3)), to evaluate the Extended Cost
Effectiveness of Preparation Stage of Inspection. It can be
expressed using the following formula:

o _AC=C=Cup
sV Ciper + AC;
_ AC = Croer = Crrp = Cirp )
Ciper + AC;

In metric M; (see Sect.4.3), the virtual testing cost
(the testing cost if no inspection is executed) is defined as
(C; + AC,). However, inspection increases the testing cost
by C,rp if false positives have been detected (see Fig.4).
Therefore, if no inspection is executed, the cost C,rp should
not be included into the virtual testing cost. In Eq.(5), we
exclude this cost from the virtual testing cost, and define
virtual testing cost as (Cypgr + AC;). In addition, since the
testing cost C;rp is the cost caused by inspection as well, we
add it to inspection costs in Eq. (5).

In case if no false positives have been introduced dur-
ing preparation stage M, ;py = My, otherwise M, jpy <
M.

5.3 Extension of Metric M}, for Preparation and Inspection
Meeting Stages

According to the extended cost model for preparation and
inspection meeting stages (see Sect. 3.3, Fig.5), two addi-
tional testing costs are introduced by inspection meeting:
Cirost_per and Ciapp_rp. CiosT_per 1S a testing cost
spent to detect defects lost during inspection meeting, and
Ciapp_rp 1S a cost spent to eliminate additional false pos-
itives, introduced during inspection meeting. Inspection
meeting may save testing cost by finding additional defects
detected during inspection meeting stage ACyapp_per, and
by eliminating false positives detected during preparation
stage AC/grim_rp-

Inspection meeting costs C,,per and C,,pp, spent to
confirm actual defects and false positive defects detected
during preparation stage, do not have influence over testing
cost, however they increase the overall inspection cost.

Costs Cuapp_per and Cperiv_rp, spent to detect addi-
tional defects and to eliminate false positives, reduce testing
costs by ACiapp_per and ACgry_rp respectively. Costs
Cuapp_rp and Cyrost_per spent to detect additional false
positives and to eliminate actual defects, increase testing
costs by Cirost_per and Ciapp_gp respectively. The pur-
pose of the inspection meeting should be to minimise the
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costs Cpiapp_rp and C,10sT_pEF, and to maximise the costs
Cmapp_per and Cyperim_rp-

Similarly as the metric M;_;py (Eq.(4)) to evaluate
the losses of preparation stage, we introduce a new metric
M;_yeer to evaluate the Inspection Meeting Losses, which
is the ratio of “cost lost by inspection meeting” by “cost
saved by inspection meeting” (see Fig. 5):

Cpapp_rp + CurLosT_DEF

M _yeer =
ACiapp_peF + ACigLIM_FP

Ciapp_rp + CiLosT_DEF

(6)

ACiapp_per + ACgLIM_FP

Although the costs C,rp and Cypp are the additional
costs caused by inspection, we do not include them into
the metric M;_yrer (Eq. (6)), because they depend on both
preparation and inspection meeting stages.

Similarly as the metric M,_jpy (Eq.(5)), we want to
propose a metric Extended Cost Effectiveness of Preparation
and Inspection Meeting Stages, Mg_yeET, to evaluate cost
effectiveness of software inspections, when both preparation
and inspection meeting are performed:

Mg _yEeeT

AC; = C, = Cy = Cipp — Ciapp_rp — CiLOST_DEF
Ciper + AC,
ACiapp_per + ACigLim_rp + ACipEF

Ciper + Cuapp_per + ACierivm_rp + ACipEF
_ Ciper + Crrp + Coper + Curp + Coabp_DEF

Ciper + Ciapp_per + ACigrim_rp + ACipEF
Cpapp_rp + Curost_per + CpeLiM_FP

Ciper + Ciapp_per + ACigrim_rp + ACiper
Cirp + Ciapp_rp + CiLOST_DEF

Ciper + Ciapp_per + ACigrim_rp + ACiper

@)

Metric Mg_yeer (Eq. (7)) is a modification of metric
My (Eq. (3)). In Eq. (7), the virtual testing cost is defined as
(Ciper+ACiapp_pEF+ACigLim_rp+ACipEF), and the testing
costs Cyrp, Ciapp_rp and Cyrost_per, caused by inspection,
are added to the inspection cost.

6. Comparison of Proposed Metrics to M, and M,
Metrics

The differences among M., M, and proposed metrics can be
demonstrated with reference to the five imaginary projects
(see Fig. 6). In all projects, if no inspections had been exe-
cuted, the testing cost would be 1000 units.

In cases Case I — Case III of Fig. 6, the preparation
stage of inspection has been performed. In cases Case IV
and Case V of Fig. 6, preparation and inspection meeting
stages have been performed. The notation of Fig. 6 is taken
from the extended cost models (Fig. 4 and Fig. 5).

In Case I of Fig. 6 (a), inspection consumes 10 units of
cost (6 units to detect actual defects, and 4 units to detect
false positives), saves 100 units of testing cost, and the test-
ing cost is 900 (700 to detect remaining defects in software
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Fig.6  Comparing five different cases of inspection.

product, and 200 to detect defects introduced by false pos-
itives). Therefore, the total cost is 910. Case II is similar
to Case I, because it consumes the same costs on inspection
and testing as in Case I, however the distribution of inspec-
tion and testing costs is different in Case II (during inspec-
tion, 9 units of cost are spent to detect actual defects and 1
unit to detect false positives; during testing, 870 units of cost
are spent to detect remaining defects in software product and
30 to detect defects introduced by false positives). In Case
III of Fig. 6 (c), inspection costs 60 units (40 units to detect
actual defects, and 20 units to detect false positives), saves
600, testing cost is 400 (300 to detect remaining defects in
software product, and 100 to detect defects introduced by
false positives), and the total cost is 460.

If we apply Collofello’s metric M, to Cases I, II and
111, the value of M, is 10 in all cases. However, in the Case
I, inspection saved much more of the total defect detection
cost than in the Cases I and II, therefore Case III would be
expected to be more cost effective.
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The value of metric M; for Case I and II is 0.09, and
for Case III is 0.54. Thus, M, identifies that the inspection
in Case III is more effective than in Cases I and II. How-
ever, it does not show the difference between Cases I and
I, although the inspection losses due to the false positives
are greater in Case I. If we apply metric M;_jpy to evaluate
inspection losses, the value of M;_jpy is 2.04 in Case I, 0.31
in Case II, and 0.2 in Case III. Thus, M, ;py identifies that
inspection losses are the greatest in Case I.

The values of the extended cost effectiveness metric
M,_ipv, which takes into consideration inspection losses,
are —0.14 in Case I, 0.06 in Case II, and 0.49 in Case III.
As we can see from those results, metric M, _jpy is more
precise than M, because it shows that inspection in Case II
is more effective than in Case I.

Case IV and Case V of Fig. 6 demonstrate the projects
in which preparation and inspection meeting stages are per-
formed. In both cases, preparation consumes 10 units of
cost, inspection meeting consumes 40 units of cost, the test-
ing cost is 900, and 100 units of cost are saved by inspec-
tion. However, these cases differ in the distribution of costs.
During inspection meeting, in Case IV, 5 units of cost are
spent to detect additional defects (Case V: 8 units), 5 units
to detect additional false positives (Case V: 2 units), 5 units
to eliminate actual defects (Case V: 2 units), and 5 units to
eliminate false positives (Case V: 8 units). During testing, in
Case IV, 700 units of cost are spent to detect defects (Case
V: 860), 100 units to detect defects introduced by false pos-
itives (Case V: 20), 50 units to detect defects introduced by
additional false positives detected during inspection meet-
ing (Case V: 10), and 50 units to detect defects lost during
inspection meeting (Case V: 10). The total cost in both cases
is 950.

The value of metric M, in both cases Case IV and Case
V is 2, and the value of metric M}, in both cases is 0.05. The
value of metric M; yeer in Case IV is 2.75, and in Case V
is 0.6. Therefore, M;_pgpr identifies that inspection losses
are greater in Case IV as compared to Case V. The value of
metric My_yger is —0.188 in Case IV, and 0.0104 in Case
V. Consequently, metric M,_yger is more precise than M,
and M, since it shows that inspection is more effective in
Case V as compared to Case IV.

7. Summary and Conclusions

In this letter, we have proposed two extended cost models: a
model to describe the costs spent during preparation stage,
and a model to describe the costs spent during preparation
and inspection meeting stages. Those models can be useful
for other researchers to have a greater understanding of all
the costs related to inspections.

In addition, we have proposed two new metrics M;_jpy
(Eq.(4)) and M;_yeer (Eq.(6)) to evaluate the Prepara-
tion Losses and the Inspection Meeting Losses respec-
tively. Also, we have proposed two metrics M,_jpy (Eq. (5))
and M, yeer (Eq.(7)), which are the modifications of
Kusumoto’s metric (Eq. (3)), to evaluate the Extended Cost
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Effectiveness of Preparation, and the Extended Cost Effec-
tiveness of Preparation and Inspection Meeting respectively.
All those metrics enable more precise evaluation of software
inspections as compared to the conventional metrics.

Future research will be directed to the experimental

evaluation of proposed metrics.
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