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Wher eÕs your  cont r ibut ion?

! A better understanding of how software engineers
work?

! Identification of problems with the current state-of-
the-art?

! A characterization of the properties of new
tools/techniques?

! Evidence that approach A is better than approach B?

How will you validate your claims?
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Meet  St uar t  Dent

! Name:
! St uar t  Dent  (a. k. a.  ÒSt uÓ)

! Advisor:
! Pr of .  Helen Back

! Topic:
! Mer ging St akeholder  views in Model

Dr iven Development

! Status:
! 2 year s int o his PhD

! Has built  a t ool

! Needs an evaluat ion plan
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St uÕs Evaluat ion Plan

! Formal Experiment
! I ndependent  Var iable:  St u- Mer ge vs.  Rat ional Ar chit ect

! Dependent  Var iables:  Cor r ect ness,  Speed,  Subj ect ive Assessment

! Task:  Mer ging Class Diagr ams f r om t wo dif f er ent  st akeholder sÕ models

! Subj ect s:  Gr ad St udent s in SE

! H1:  ÒSt u- Mer ge pr oduces cor r ect  mer ges mor e of t en t han RAÓ

! H2:  ÒSubj ect s pr oduce mer ges f ast er  wit h St u- Mer ge t han wit h RAÓ

! H3:  ÒSubj ect s pr ef er  using St u- Mer ge t o RAÓ

! Results
! H1 accept ed (st r ong evidence)

! H2 & H3 r ej ect ed

! Subj ect s f ound t he t ool unint uit ive
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Thr eat s t o Validit y

! Construct Validity
! What  do we mean by a mer ge? What  is cor r ect ness?

! 5- point  scale f or  subj ect ive assessment  -  insuf f icient  discr iminat or y power
" (bot h t ools scor ed ver y low)

! Internal Validity
! Conf ounding var iables:  Time t aken t o lear n t he t ool;  f amiliar it y

! Subj ect s wer e all f amiliar  wit h RA,  not  wit h St u- mer ge

! External Validity
! Task r epr esent at iveness:  class models wer e of  a t oy pr oblem

! Subj ect  r epr esent at iveness:  Gr ad st udent s as sample of  what  populat ion?

! Theoretical Reliability
! Resear cher  bias:  subj ect s knew St u- mer ge was St uÕs own t ool

More on validity in the backup slides at the end of the talk
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What  went  wr ong?

! What was the research question?
! ÒI s t ool A bet t er  t han t ool B?Ó

! What  would count as an answer?

! What use would the answer be?
! How is it  a Òcont r ibut ion t o knowledgeÓ?

! How does this evaluation relate to the existing
literature?
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Exper iment s as Clinical Tr ials

I s dr ug A bet t er  t han dr ug B?

Why would
we expect it

to be better?

Better at
doing what ?

Better in
what way ?

Better in
what situations ?

Why do
we need
to know ?

What will we
do with the

answer?
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You got t a have a t heor y!

Why would
we expect it

to be better?
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Science and Theor y

! A (scientific) theory is:
! mor e t han j ust  a descr ipt ion -  it  explains and pr edict s

! Logically complet e,  int er nally consist ent ,  f alsif iable

! Simple and elegant .

! Components of a theory:
! concept s,  r elat ionships,  causal inf er ences

" E. g.  ConwayÕs Law-  st r uct ur e of  sof t war e r ef lect s t he st r uct ur e of  t he t eam
t hat  builds it .  A t heor y should explain why.

! Theories lie at the heart of what it means to do
science.

! Pr oduct ion of  gener alizable knowledge

! Scient if ic met hod !  Resear ch Met hodology !  Pr oper  Cont r ibut ions f or  a
Discipline

! Theory provides orientation for data collection
! Cannot  obser ve t he wor ld wit hout  a t heor et ical per spect ive
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The Role of  Theor y Building

! Theories allow us to compare similar work
! Theor ies include pr ecise def init ion f or  t he key t er ms

! Theor ies pr ovide a r at ionale f or  which phenomena t o measur e

! Theories support analytical generalization
! Pr ovide a deeper  under st anding of  our  empir ical r esult s

! Éand hence how t hey apply mor e gener ally

! Much mor e power f ul t han st at ist ical gener alizat ion

! Ébut in SE we are very bad at stating our theories
! Our  vague pr inciples,  guidelines,  best  pr act ices,  et c.  could be st r engt hened

int o t heor ies

! Ever y t ool we build r epr esent s a t heor y
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Theor ies ar e good f or  gener alizat ionÉ

St at ist ical Gener alizat ion

! Fir st  level gener alizat ion:
! Fr om sample t o populat ion

! Well under st ood and widely
used in empir ical st udies

! Can only be used f or
quant if iable var iables

! Based on r andom sampling:
! St andar d st at ist ical t est s t ell you if

r esult s on a sample apply t o t he whole
populat ion

! Not  usef ul when:
! You canÕt  char act er ize t he populat ion

! You canÕt  do r andom sampling
! You canÕt  get  enough dat a point s

Analyt ical Gener alizat ion

! Second level gener alizat ion:
! Fr om f indings t o t heor y

! Applicable t o quant it at ive and
qualit at ive st udies

! Compar es f indings wit h t heor y
! Do t he dat a suppor t  or  r ef ut e t he

t heor y?
! Or :  do t hey suppor t  t his t heor y

bet t er  t han r ival t heor ies?

! Suppor t s empir ical induct ion:
! Evidence builds if  subsequent  st udies

also suppor t  t he t heor y (& f ail t o
suppor t  r ival t heor ies)

! Mor e power f ul t han st at s
! DoesnÕt  r ely on cor r elat ions
! Examines under lying mechanisms

University of Toronto Depar t ment  of  Comput er  Science

© 2004-5 Steve Easterbrook. This presentation is available free for non-commercial use with attribution under a creative commons license. 12

St uÕs Theor y

! Background Assumptions
! Lar ge t eam pr oj ect s,  models cont r ibut ed by many act or s

! Models ar e f r agment ar y,  capt ur e par t ial views

! Par t ial views ar e inconsist ent  and incomplet e most  of  t he t ime

! Basic Theory
! (Br ief  summar y: )

! Model mer ging is an explor at or y pr ocess,  in which t he aim is t o discover
int ended r elat ionships bet ween views.  ÔGoodnessÕ of  a mer ge is a subj ect ive
j udgment .  I f  an at t empt ed mer ge doesnÕt  seem ÔgoodÕ,  many need t o change
eit her  of  t he models,  or  t he way in which t hey wer e mapped t oget her .

! Derived Hypotheses
! Usef ul mer ge t ools need t o r epr esent  r elat ionships explicit ly

! Usef ul mer ge t ools need t o be complet e (wor k f or  any models,  even if
inconsist ent )
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What  t ype of  quest ion ar e you asking?

! Exist ence:
! Does X exist ?

! Descr ipt ion & Classif icat ion
! What  is X like?

! What  ar e it s pr oper t ies?

! How can it  be cat egor ized?

! How can we measur e it ?

! What  ar e it s component s?

! Descr ipt ive- Pr ocess
! How does X wor k?

! What  is t he pr ocess by which X
happens?

! I n what  ar e t he st eps as X evolves?

! How does X achieve it s pur pose?

! Descr ipt ive- Compar at ive
! How does X dif f er  f r om Y?

! Relat ionship
! Ar e X and Y r elat ed?

! Do occur r ences of  X cor r elat ed wit h
occur r ences of  Y?

! Causalit y
! Does X cause Y?

! Does X pr event  Y?

! What  causes X?

! What  ef f ect  does X have on Y?

! Causalit y- Compar at ive
! Does X cause mor e Y t han does Z?

! I s X bet t er  at  pr event ing Y t han is Z?

! Does X cause mor e Y t han does Z under
one condit ion but  not  ot her s?

! Design
! What  is an ef f ect ive way t o achieve X?
! How can we impr ove X?
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St uÕs Resear ch Quest ion(s)

! Existence
! Does model mer ging ever  happen in pr act ice?

! Description/Classification
! What  ar e t he dif f er ent  t ypes of  model mer ging t hat  occur  in pr act ice on

lar ge scale syst ems?

! Descriptive-Comparative
! How does model mer ging wit h explicit  r epr esent at ion of  r elat ionships dif f er

f r om model mer ging wit hout  such r epr esent at ion?

! Causality
! Does an explicit  r epr esent at ion of  t he r elat ionship bet ween models cause

developer s t o explor e dif f er ent  ways of  mer ging models?

! Causality-Comparative
! Does t he algebr aic r epr esent at ion of  r elat ionships in St uÕs t ool lead

developer s t o explor e mor e t han do point cut s in AOM?

Pick just one for now
É
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Put t ing t he Quest ion in Cont ext

The Research
Question

How does this relate to
the established literature?

What new perspectives are
you bringing to this field?

What methods are appropriate
for answering this question?

Existing Theories

New Paradigms

Methodological Choices
Empirical
Method

Data Collection
Techniques

Data Analysis
Techniques

Philosophical Context
Positivist Constructivist

Critical theory Eclectic

What will you accept
as valid truth?
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What  will you accept  as knowledge?

! Posit ivist
(or  ÒPost - posit ivist Ó)

! Knowledge is obj ect ive

! ÒCauses det er mine ef f ect s/
out comesÓ

! Reduct ionist :  st udy complex t hings
by br eaking down int o simpler  ones

! Pr ef er  quant it at ive appr oaches
! Ver if ying (or  Falsif ying) t heor ies

! Const r uct ivist / I nt er pr et ivist
! Knowledge is socially const r uct ed

! Tr ut h is r elat ive t o cont ext

! Theor et ical t er ms ar e open t o
int er pr et at ion

! Pr ef er  qualit at ive appr oaches

! Gener at ing Theor ies

! Cr it ical Theor ist
! Resear ch is a polit ical act

! Knowledge is cr eat ed t o empower
gr oups/ individuals

! Choose what  t o r esear ch based on
who it  will help

! Pr ef er  par t icipat or y appr oaches

! Seeking change in societ y

! Eclect ic Pr agmat ist
! Resear ch is pr oblem- cent er ed

! ÒAll f or ms of  inquir y ar e biasedÓ

! Tr ut h is what  wor ks at  t he t ime

! Pr ef er  mult iple met hods /  mult iple
per spect ives

! seeking pr act ical solut ions t o
pr oblems
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How do we evaluat e our  t ools?

 Common
Òin t he labÓ

Met hods

! Rat ional Reconst r uct ions

! Exemplar s

! Benchmar ks

! Simulat ions

! Cont r olled Exper iment s

 Common
Òin t he wildÓ

Met hods

! Case St udies

! Sur veys

! Et hnogr aphies

! Ar t if act / Ar chive Analysis
(ÒminingÓ!)

! Act ion Resear ch
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Rat ional Reconst r uct ions
a demonst r at ion of  a t ool or  t echnique on dat a t aken f r om a r eal case st udy,

but  applied af t er  t he f act  t o demonst r at e how t he t ool/ t echnique would
have wor ked

! good for
init ial validat ion bef or e expensive pilot  st udies

checking t he r esear cher Õs int uit ions about  what  t he t ool/ t echnique can do

! limitations
pot ent ial bias (you knew t he f indings bef or e you st ar t ed)

easy t o ignor e Òsignal- t o- noise r at ioÓ

! examples
I n RE:  LAS;  BART;  É et c.

See:
Shaw,  M. ;  Wr it ing good sof t war e engineer ing r esear ch paper s.  Pr oceedings.

25t h I nt er nat ional Conf er ence on Sof t war e Engineer ing (I CSE 2003).  p726-
736
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Exemplar s
self - cont ained,  inf or mal descr ipt ions of  a pr oblem in some applicat ion domain;

exemplar s ar e t o be consider ed immut able;  t he [ r esear cher ]  must  do t he
best  she can t o pr oduce a [solut ion]  f r om t he pr oblem st at ement .

! Good for:
Set t ing r esear ch goals,

Under st anding dif f er ences bet ween r esear ch pr ogr ams

! Limitations:
No clear  cr it er ia f or  compar ing appr oaches

Not  clear  t hat  Òimmut abilit yÓ is r espect ed in pr act ice

! Examples:
Meet ing Scheduler ;  Libr ar y Syst em;  Elevat or  Cont r ol Syst em;  Telephones; É

see:
M.  S.  Feat her ,  S.  Fickas,  A.  Finkelst ein,  and A.  van Lamsweer de,

ÒRequir ement s and Specif icat ion Exemplar s, Ó Aut omat ed Sof t war e
Engineer ing,  vol.  4,  pp.  419- 438,  1997.
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Benchmar ks
A t est  or  set  of  t est s used t o compar e alt er nat ive t ools or  t echniques.  A
benchmar k compr ises a mot ivat ing compar ison,  a t ask sample,  and a set  of

per f or mance measur es

! good for
! making det ailed compar isons bet ween met hods/ t ools

! incr easing t he (scient if ic) mat ur it y of  a r esear ch communit y

! building consensus over  t he valid pr oblems and appr oaches t o t hem

! limitations
! can only be applied if  t he communit y is r eady

! become less usef ul /  r edundant  as t he r esear ch par adigm evolves

See:
S.  Sim,  S.  M.  East er br ook and R.  C.  Holt  ÒUsing Benchmar king t o Advance

Resear ch:  A Challenge t o Sof t war e Engineer ingÓ.  Pr oceedings,  I CSE- 2003
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Simulat ions
An execut able model of  t he sof t war e development  pr ocess,  developed f r om

det ailed dat a collect ed f r om past  pr oj ect s,  used t o t est  t he ef f ect  of
pr ocess innovat ions

! Good for:
! Pr eliminar y t est  of  new appr oaches wit hout  r isk of  pr oj ect  f ailur e

! [Once t he model is built ]  each t est  is r elat ively cheap

! Limitations:
! Expensive t o build and validat e t he simulat ion model

! Model is only as good as t he dat a used t o build it

! Har d t o assess scope of  applicabilit y of  t he simulat ion

See:
Kellner ,  M.  I . ;  Madachy,  R.  J . ;  Raf f o,  D.  M. ;  Sof t war e Pr ocess Simulat ion

Modeling:  Why? What ? How? J our nal of  Syst ems and Sof t war e 46 (2- 3)
91- 105,  Apr il 1999.
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Cont r olled Exper iment s
exper iment al invest igat ion of  a t est able hypot hesis,  in which condit ions ar e set

up t o isolat e t he var iables of  int er est  (" independent  var iables") and t est  how
t hey af f ect  cer t ain measur able out comes (t he "dependent  var iables")

! good for
! quant it at ive analysis of  benef it s of  a par t icular  t ool/ t echnique

! est ablishing cause- and- ef f ect  in a cont r olled set t ing

! (demonst r at ing how scient if ic we ar e!)

! limitations
! har d t o apply if  you cannot  simulat e t he r ight  condit ions in t he lab

! limit ed conf idence t hat  t he labor at or y set up r ef lect s t he r eal sit uat ion

! ignor es cont ext ual f act or s (e. g.  social/ or ganizat ional/ polit ical f act or s)

! ext r emely t ime- consuming!

See:
Pf leeger ,  S. L. ;  Exper iment al design and analysis in sof t war e engineer ing.

Annals of  Sof t war e Engineer ing 1,  219- 253.  1995
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Case St udies
ÒA t echnique f or  det ailed explor at or y invest igat ions,  bot h pr ospect ively and
r et r ospect ively,  t hat  at t empt  t o under st and and explain phenomenon or  t est

t heor ies,  using pr imar ily qualit at ive analysisÓ

! good for
! Answer ing det ailed how and why quest ions

! Gaining deep insight s int o chains of  cause and ef f ect

! Test ing t heor ies in complex set t ings wher e t her e is lit t le cont r ol over  t he
var iables

! limitations
! Har d t o f ind appr opr iat e case st udies

! Har d t o quant if y f indings

See:
Flyvbj er g,  B. ;  Five Misunder st andings about  Case St udy Resear ch.  Qualit at ive

I nquir y 12 (2) 219- 245,  Apr il 2006
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Sur veys
ÒA compr ehensive syst em f or  collect ing inf or mat ion t o descr ibe,  compar e or

explain knowledge,  at t it udes and behaviour  over  lar ge populat ionsÓ

! good for
! I nvest igat ing t he nat ur e of  a lar ge populat ion

! Test ing t heor ies wher e t her e is lit t le cont r ol over  t he var iables

! limitations
! Relies on self - r epor t ed obser vat ions

! Dif f icult ies of  sampling and self - select ion

! I nf or mat ion collect ed t ends t o subj ect ive opinion

See:
Shar i Lawar ence Pf leeger  and Bar bar a A.  Kit chenham,  "Pr inciples of  Sur vey

Resear ch, Ó Sof t war e Engineer ing Not es,  (6 par t s) Nov 2001 -  Mar  2003
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Et hnogr aphies
I nt er pr et ive,  in- dept h st udies in which t he r esear cher  immer ses her self  in a

social gr oup under  st udy t o under st and phenomena t hough t he meanings t hat
people assign t o t hem

! Good for:
! Under st anding t he int er t wining of  cont ext  and meaning

! Explaining cult ur es and pr act ices ar ound t ool use

! Deep insight s int o how people per ceive and act  in social sit uat ions

! Limitations:
! No gener alizat ion,  as cont ext  is cr it ical

! Lit t le suppor t  f or  t heor y building

! Expensive (labour - int ensive)

See:
Klein,  H.  K. ;  Myer s,  M.  D. ;  A Set  of  Pr inciples f or  Conduct ing and Evaluat ing

I nt er pr et ive Field St udies in I nf or mat ion Syst ems.  MI S Quar t er ly 23(1)
67- 93.  Mar ch 1999.
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Ar t if act  /  Ar chive Analysis
I nvest igat ion of  t he ar t if act s (document at ion,  communicat ion logs,  et c) of  a

sof t war e development  pr oj ect  af t er  t he f act ,  t o ident if y pat t er ns in t he
behaviour  of  t he development  t eam.

! good for
! Under st anding what  r eally happens in sof t war e pr oj ect s

! I dent if ying pr oblems f or  f ur t her  r esear ch

! Collect ing dat a t o build or  validat e simulat ions

! limitations
! Har d t o build gener alizat ions (r esult s may be pr oj ect  specif ic)

! I ncomplet e dat a

! Et hics:  how t o get  consent  f r om par t icipant s

See:
Audr is Mockus,  Roy! T.   Fielding,  and J ames Her bsleb.  Two case st udies of

open sour ce sof t war e development :  Apache and mozilla.  ACM Tr ansact ions on
Sof t war e Engineer ing and Met hodology,   11(3): 1- 38,  J uly 2002.
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Act ion Resear ch
Òr esear ch and pr act ice int er t wine and shape one anot her .  The r esear cher

mixes r esear ch and int er vent ion and involves or ganizat ional member s as
par t icipant s in and shaper s of  t he r esear ch obj ect ivesÓ

! good for
! any domain wher e you cannot  isolat e {var iables,  cause f r om ef f ect ,  É}

! ensur ing r esear ch goals ar e r elevant

! When ef f ect ing a change is as impor t ant  as discover ing new knowledge

! limitations
! har d t o build gener alizat ions (abst r act ionism vs.  cont ext ualism)

! St r ongly t ied t o philosophy of  cr it ical t heor y -  wonÕt  sat isf y t he posit ivist s!

See:
Lau,  F;  Towar ds a f r amewor k f or  act ion r esear ch in inf or mat ion syst ems

st udies.  I nf or mat ion Technology and People 12 (2) 148- 175.  1999.
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Cont r olled Exper iment s
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Case St udies
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St uÕs Met hod(s) Select ionÉ

! Exist ence
! Does model mer ging ever  happen in pr act ice?

! Descr ipt ion/ Classif icat ion
! What  ar e t he dif f er ent  t ypes of  model

mer ging t hat  occur  in pr act ice on lar ge scale
syst ems?

! Descr ipt ive- Compar at ive
! How does model mer ging wit h explicit

r epr esent at ion of  r elat ionships dif f er  f r om
model mer ging wit hout  such r epr esent at ion?

! Causalit y
! Does an explicit  r epr esent at ion of  t he

r elat ionship bet ween models cause developer s
t o explor e dif f er ent  ways of  mer ging models?

! Causalit y- Compar at ive
! Does t he algebr aic r epr esent at ion of

r elat ionships in St uÕs t ool lead developer s t o
explor e mor e t han do point cut s in AOM?

Case study

Survey Research

Controlled Experiment

Action Research

Ethnography

?

?
?

?

?

?

?

?

?

?

?
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War ning

No method is perfect

DonÕt get hung up on methodological purity

Pick something and get on with it

Some knowledge is better than none
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Okay,  but É
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Why Build a Tool?

! Build a Tool to Test a Theory
! Tool is par t  of  t he exper iment al mat er ials needed t o conduct  your  st udy

! Build a Tool to Develop a Theory
! Theor y emer ges as you explor e t he t ool

! Build a Tool to Explain your Theory
! Theor y as a concr et e inst ant iat ion of  (some aspect  of ) t he t heor y

?
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Take home messages

Articulate the theory(s) underlying your work

Be precise about your research question

Be explicit about your philosophical stance

Use the theory to guide the study design

Test  t he Theor y not  t he Tool
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Validit y

! Construct Validity
! Theor et ical concept s ar e oper at ionalized and measur ed cor r ect ly.

! Ar e we measur ing t he const r uct  we int ended t o measur e?

! Did we t r anslat e t hese const r uct s cor r ect ly int o obser vable measur es?

! Did t he met r ics we use have suit able discr iminat or y power ?

! Internal Validity
! Do t he r esult s r eally f ollow f r om t he dat a?

! Have we pr oper ly eliminat ed any conf ounding var iables?

! External Validity
! Ar e t he f indings gener alizable beyond t he immediat e st udy?
! Do t he r esult s suppor t  t he claims of  gener alizabilit y?

! Empirical Reliability
! Demonst r at e t hat  t he st udy can be r epeat ed wit h t he same r esult s?

! Did we eliminat e all r esear cher  biases?

! Back


