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3.	
  Measuring	
  Test	
  Code	
  
Quality
Following	
  the	
  GQM	
  approach,	
  to	
  answer	
  RQ1	
  we	
  
need	
  to	
  answer	
  the	
  following	
  ques)ons:
• How	
  extensively	
  is	
  the	
  system	
  tested?
The	
  higher	
  the	
  test	
  coverage,	
  the	
  higher	
  the	
  
confidence	
  that	
  defects	
  are	
  detected	
  throughout	
  the	
  
en)re	
  system.
	
   • How	
  effec)vely	
  is	
  the	
  system	
  tested?
Exercising	
  the	
  produc)on	
  code	
  is	
  essen)al	
  but	
  not	
  
enough.	
  Assuring	
  the	
  ability	
  to	
  detect	
  and	
  trace	
  the	
  
cause	
  of	
  a	
  defect	
  increase	
  effec)veness.
• How	
  maintainable	
  is	
  the	
  test	
  code?
It	
  is	
  necessary	
  to	
  write	
  highly	
  maintainable	
  test	
  code	
  
in	
  order	
  to	
  avoid	
  making	
  the	
  adapta)on	
  of	
  the	
  tests	
  
to	
  the	
  changes	
  of	
  the	
  code	
  a	
  heavy	
  burden.

2.	
  Aim
This	
  study	
  defines	
  a	
  test	
  code	
  quality	
  model	
  and	
  
aUempts	
  to	
  provide	
  valida)on	
  of	
  such	
  a	
  model	
  as	
  an	
  
indicator	
  of	
  issue	
  handling	
  performance.
• RQ1:	
  How	
  can	
  we	
  evaluate	
  test	
  code	
  quality?
• RQ2:	
  What	
  is	
  the	
  rela)on	
  between	
  test	
  code	
  

quality	
  and	
  issue	
  handling	
  performance?

6.	
  Design	
  of	
  Experiment
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The	
  colored	
  frame	
  focuses	
  on	
  the	
  objec)ve	
  of	
  this	
  study	
  while	
  what	
  is	
  out	
  of	
  the	
  
frame	
  is	
  related	
  work	
  performed	
  by	
  Luijten	
  et	
  al.	
  [5]	
  and	
  Bijlsma	
  [6]	
  that	
  forms	
  

the	
  basis	
  for	
  this	
  study.	
  

7.	
  Data	
  &	
  Methods
Data
• 18	
  Open	
  Source	
  Java	
  Systems
• 75	
  Snapshots	
  
• Snapshots	
  of	
  the	
  same	
  systems	
  were	
  at	
  least	
  1	
  

year	
  apart	
  and	
  had	
  at	
  least	
  30%	
  code	
  churn
Methods
• Spearman	
  correla)on	
  analysis
• Confidence	
  level	
  at	
  99%	
  (	
  α = 0.01 )
• Bonferroni	
  correc)on	
  for	
  4	
  tests	
  (	
  α = 0.0025 )	
  

8.	
  Results
Correla)ons	
  with	
  Test	
  Code	
  Quality	
  Model	
  Ra)ng

p-­‐value cor N
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Throughput
Produc)vity
Produc)on	
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1.	
  Introduc)on
Sokware	
  tes)ng	
  consumes	
  30	
  to	
  50%	
  of	
  a	
  project's	
  
effort	
  [1].	
  Its	
  benefits	
  include	
  early	
  defect	
  detec)on,	
  
defect	
  cause	
  localiza)on	
  and	
  removal	
  of	
  the	
  fear	
  to	
  
apply	
  changes	
  in	
  the	
  code.	
  Thus,	
  maintaining	
  high	
  
quality	
  test	
  code	
  is	
  essen)al.	
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Figure 2. JBoss issue JBAS-3054 in the Jira Web interface.

2. A Bug’s Life

Most development teams organize their work around a
bug database. Essentially, a bug database acts as a big list
of issues—keeping track of all the bugs, feature requests,
and tasks that have to be addressed during the project. Bug
databases scale up to a large number of developers, users—
and issues.

An individual record in a bug database is called a issue
report; it is also known as problem report or ticket. An is-
sue report provides fields for the description (what causes
the issue, and how can one reproduce it), a title or summary
(a one-line abstract of the description), as well as a sever-
ity (how strongly is the user affected by the issue?). The
severity can range from “enhancement” (i.e. a feature re-
quest) over “normal” and “critical” to “blocker” (an issue
that halts further development). These fields are normally
provided by the original submitter.

At the moment an issue report is submitted, it gets a
unique identifier by which it can be referred to in further
communication. Figure 2 shows the JBoss issue report
JBAS-3054 from the JBAS subproject in the Jira Web in-
terface.2 At the top, we see the title “Use of isUserInRole
from jsp does not work for JACC”; at the bottom, the de-
tailed description.

Let us assume that someone has just entered this very
issue report into the bug database. While the issue is being
processed, the report runs through a life cycle (Figure 3).
The position in the life cycle is determined by the state of
the issue report. Initially, every single issue report has a
state of UNCONFIRMED. It is then checked for validity and
uniqueness; if it passes these checks, it becomes NEW. At

2http://www.atlassian.com/software/jira/
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Figure 3. The life cycle of an issue report [14].

this point, the issue report is also assigned a priority—the
higher the priority, the sooner it is going to be addressed.
Typically, the priority reflects the risk and/or damage of the
issue/bug. In Figure 2, priority and state are shown in the
details column on the left.

At the time of the initial assessment, the staff may also
include an estimate of the time it will take to fix the issue.
For JBAS-3054, this original estimate was 4 hours; it is also
shown in the Web interface (Figure 2). Both priority and
estimate are crucial in scheduling fixes—and in estimating
when a stable state will be reached.

Eventually, the issue report is assigned to an individ-
ual developer—its state is then changed to ASSIGNED.
The developer now works on the issue, sometimes resulting
in additional comments, questions, and re-assignments, all
stored in the bug database. Eventually, the developer comes
up with a resolution. This resolution can be FIXED, mean-
ing that the problem is solved, but also WONTFIX (meaning
the problem is not considered as such) or WORKSFORME
(meaning that the problem could not be reproduced). With
this resolution, the state becomes RESOLVED.

At this stage, the lead developer may record the effort it
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Issue	
  Report	
  Life-­‐cycle	
  (adapted	
  from	
  [4]	
  )

• Defect	
  Resolu)on	
  Time
The	
  sum	
  of	
  the	
  intervals	
  during	
  which	
  the	
  issue	
  was	
  
open	
  un)l	
  the	
  last	
  )me	
  it	
  was	
  marked	
  as	
  "resolved"	
  or	
  
"closed".
• Throughput

• Produc)vity
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4.	
  Test	
  Code	
  Quality	
  Model

9.	
  Discussion	
  &	
  Conclusions	
  
• A	
  Test	
  Code	
  Quality	
  Model	
  has	
  been	
  developed,	
  

based	
  on	
  direct,	
  sta)c	
  measurements	
  of	
  the	
  
source	
  code.	
  

• No	
  significant	
  correla)on	
  was	
  found	
  between	
  
Test	
  Code	
  Quality	
  and	
  Defect	
  Resolu)on	
  Time.	
  
An	
  explana)on	
  would	
  be	
  that	
  test	
  code	
  detects	
  
defects	
  during	
  development	
  and	
  therefore	
  most	
  
of	
  the	
  detected	
  defects	
  are	
  never	
  reported	
  in	
  an	
  
ITS.	
  

• Strong,	
  significant	
  correla)on	
  was	
  found	
  
between	
  Test	
  Code	
  Quality	
  and	
  throughput	
  and	
  
produc)vity,	
  demonstra)ng	
  that	
  in	
  systems	
  with	
  
higher	
  test	
  code	
  quality	
  issues	
  are	
  being	
  
resolved	
  faster	
  at	
  the	
  team	
  and	
  developer	
  level.

• Strong,	
  significant	
  correla)on	
  was	
  found	
  
between	
  Test	
  Code	
  Quality	
  and	
  Produc)on	
  Code	
  
Maintainability,	
  showing	
  that	
  either	
  good	
  code	
  
leads	
  to	
  beUer	
  tests,	
  test-­‐driven	
  development	
  
(TDD)	
  leads	
  to	
  beUer	
  code	
  or	
  just	
  reflects	
  the	
  
skill	
  level	
  of	
  the	
  development	
  team.

10.	
  Threats	
  to	
  Validity
• Quality	
  of	
  ITS	
  Data:	
  Poor	
  ITS	
  usage	
  leads	
  to	
  

noisy	
  data.
• Confounding	
  Factors:	
  Although	
  we	
  controlled	
  

for	
  produc)on	
  code	
  maintainability	
  via	
  mul)ple	
  
regression	
  analysis,	
  other	
  factors	
  such	
  as	
  the	
  
popularity	
  of	
  the	
  system	
  exist.

• Generaliza)on	
  beyond	
  Java
• Generaliza)on	
  beyond	
  Open	
  Source	
  Systems

Dimitrios	
  Athanasiou
dmitri.athanasiou@gmail.com

• Calibra)on
The	
  model	
  was	
  calibrated	
  on	
  86	
  Java	
  Open	
  Source	
  and	
  
Industry	
  Systems	
  as	
  in	
  SIG's	
  maintainability	
  model	
  [3].
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70th, 80th, 90th 
Percentiles

Ratings Distribution 
5%/30%/30%/30%/5%

Retrieval

• Coverage
Sta)c	
  es)ma)on	
  of	
  test	
  coverage	
  [2].
• Asser)on-­‐McCabe	
  Ra)o

• Asser)on	
  Density

• Directness
Sta)c	
  es)ma)on	
  of	
  code	
  that	
  is	
  directly	
  called	
  from	
  the	
  tests.
• Maintainability	
  Model
SIG's	
  maintainability	
  model	
  modified	
  and	
  calibrated	
  on	
  test	
  
code.
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