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The Story so f a EEoElE

A We still want to deliver high-quality software fast cheap and on time.
We can be more efficient in this endeavor if we plan to use a software development process

A Good planning needs good decision making which requires information obtained by measurements to combat uncertainty and mitigate risk

A Quality assurance is critical to software engineering

A Testing is the most common dynamic technique for
software quality assurance

A Testing is very expensive and not testing is even more expensive

A And there are other types of dynamic analysis

A We also have static analysis techniques for QA

A Code Review ( passaroundd ) @odadinspection( Af or mal o)
are the most common static approaches to QA.

A BUT we donodt reall

AHow should we make process and design
deci sions the first
Aéin Iight of how humans

2/6/2023 EECS 481 (W23) i Pair Programming and Skillz



M | MICHIGAN ENGINEERING

UNIVERSITY OF MICHIGAN

One-Slide Summary

A There are many programming and development approaches for
Improving aspects of software development

A Taclflting abstraction, modularity, changing requirements and software
quality

A Agile development focuses on reducing the cost to respond to

requirements change

APair programming is a well-studied technique within Agile
Involving a driver and a navigator; it increases development time
but decreases defects.

A Skill-based interviews help companies rule out poor-fit
employees. They include both programming and behavioral
guestions. Interviewees should show and communicate
all aspects of the software engineering process.
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Outline (the emotional journey)

APair programming
A Where does it come

from and what s it ITS KIND OF LIKEA,COSMIC GUMBO

A Skills-Based Interviews
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Learning Objecti ves: b\

| ecture you should be

1. (knowledge) describe the trade-offs of pair programming
and under what circumstances its advantageous

2. (knowledge) give the formal definition of pair programming

3. (knowledge) descri be what you sh
In your last interview

4. (knowledge) explain an alternative view of how to evaluate
prospective employees
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A Brief History of Time

AStructured Programming (1950-1960+) e =
A Structured Programming Theorem (1966) {A BRIEF

AObiject-oriented Programming (1970-1980+) g:ﬂ?h'}\é

A Dominant in 1990+
AAspect-oriented Programming (1997+)
Alterative & Incremental Development (1960+)
AAgile Development (2001+)
AScrum (1986+,2001+)
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And Many More
AAdaptive software development (1970)

ARapid application development (1991)
AUnified Process (1994)

ADynamic Systems Development Method (1994)
ACrystal Clear (1996)

AExtreme Programming (1996)

AFeature-Driven Development (1997)

ATDM TLA! fASo what ?0
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The How and Why

A Structured: structure source code control flow to improve clarity, quality,
and development time

A OO: structure source code by encapsulating data and methods to
Improve reusability and modularity

A AOP: structure source code by separating cross-cutting concerns to
Increase modularity

A 1ID: develop software through repeated cycles in small portions to
Improve user involvement, reduce variability and development effort

A Agile: develop software through collaborating cross-functional teams,
small work I ncrements and tight fe

A Scrum: Small teams complete work units in short sprints and hold daily
stand-up meetings to rapidly react to change.
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Common Threads (1/2)
AWith respect to software source code

AAbstraction (e.g., inheritance, polymorphism)
allows the same code to be applied to different data

AThis saves development and QA effort

AModularity (e.g., interfaces) permits
separation of concerns, allowing code on both
sides of the interface to be changed independently

AThis reduces maintenance (change) effort
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Common Threads (2/2)

AWith respect to software development

ASmaller work increments reduce the effort lost tod and
minimize risk fromd changing requirements.

ASmaller teams and customer involvement reduce
risks from changing requirements and align software
with stakeholders

AQuality techniques (continuous integration, unit
testing, pair programming, design patterns, refactoring,
etc.) assure quality
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Agile Development

ASoftware development is considered
agile when the team requires relatively
little time, cost, personnel, and resources
to respond to a requirement change

ATeam autonomy: the extent to which the software team
has authority and control in making decisions to carry
out the project

ATeam diversity: the extent to which team members
have different functional backgrounds, skills, expertise,
and experience.
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Does Agile Work? (1/2)

AR A systematic review of
software development up to and including 2005 was
conducted. The search strategy identified 1996
studies, of which 36 were identified as empirical

studies. é We i1 dentified
benefits and limitations of agile development within
each of these themes. However, the strength of
evidence is very low, which makes it difficult to

of fer speci fic advice to

[ Dyba and Dingsoyr. Empirical studies of agile software development: A systematic review. ]
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Does Agile Work? (2/2)

AiUsi ng an integrated res
combines quantitative and qualitative data analyses

V4

é of survey responses of

managers suggest Basamatoe
effect on response efficiency [on-time completion]
and a negative effect on response extensiveness
[software functionality], and that team dlverS|ty has
a positive effect on response extensiveness. 0

[ Lee and Xia. Toward Agile: An Integrated Analysis of Quantitative and Qualitative Field Data on
Software Development Agility. ]

2/6/2023 EECS 481 (W23) i Pair Programming and Skillz




M | MICHIGAN ENGINEERING

UNIVERSITY OF MICHIGAN

: THAT WHICH
Extreme Programming DOESNOT

AExtreme programming (XP) is a W LLL MR

V——M—w———'—)
software development methodology GIVES MB
for improving software quality and XP
responsiveness to changing

customer requwements
At is one type of agile software development

Al't advocates frequent f@Areleas

A This improves productivity and introduces checkpoints at which new
customer requirements can be adopted

A It advocates pair programming, extensive code review, unit
testing, code readability, etc.
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Pair Programming

APair programming refers to the practice
whereby two programmers work together
at one computer, collaborating on the
same design, algorithm, code, or test.

AThe pair is made up of a driver, who actively types at
the computer or records a de5|gn and a navigator (or
observer), who watches the work of the driver and
attentively identifies problems, asks clarifying questions,
and makes suggestions. Both are also continuous

brainstorming partners.
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Pair Programming and Programmers

ASurveys of professional programmers

A>90% fienjoyed coll aboratiyv
solo programmim®m~~

Relative Time: One Individual vs Two

A95% were fAimor e S
t heil r sol uti1 on

pair programmed I
Alncreases development . l E

COSt by 15% to 100% Program 1 Program 2 Program 3

‘EIOne Individual @ Two Collaborators ‘
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Pair Programming and Program Quality

AReduces defects by 15%
AReduces code size by 15%

Post Development Test Cases Passed

Program 1 Program 2 Program 3

‘ O Individuals ECollaborators ‘

120.0%
100.0%
80.0%
60.0%
40.0%
20.0%
0.0%

Lines of Code

B

Program 1 Program 2 Program 3

‘I:Ilndividuals M Collaborators ‘

[ Cockburn and Williams. The Costs and Benefits of Pair Programming. ]
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Example Process Decision

(Assume 15% slower coding total, and 15% fewer bugs total)
A 50,000 LOC program

A Coding at 50 LOC/hour (wait, what?)

A Defect raite of 10 defects / KLOC

A Defect fix time of 10 hours / defect

A As individuals
A 1,000 hr coding + 5,000 hr fixing defects = $6,000 hr

A As pairs:
A 1,150 hr coding + 4,250 hr fixing defects = $5,400 hr

A Do these numbers match your project?
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Important Math Note

AThe total ficostsodo and fdben

already included in the numbers guoted to you

A For example, when we say pair programming increases costs
by 15% to 100%, if its 15% you do not first multiply by 2 (for
the pair) and then calculate 15%

A The cost of having two people work is already factored in to
the 15% to 100% overhead. So, the 100% worse-case is the
Amul tiply byr 20 but the 15%
faster workiflhgttegethhbhepal!

0
ASi mi | ar | we do not both
t he 15% ewer defl

5

r
0 | S
_ _ etloe t1 590 isoalmeady
total benefit. No double counting (pro or con)!
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Pair Programming vs. Education

ANorth Carolina State University and the University of
California at Santa Cruz, did extensive pair
programming studies with ~1200 beginning computer

science (CS1) and with ~300 third/fourth year software
engineering students over three year periods

A Students who paired in CS1 were more likely to
attempt CS2 (77% vs. 62%)

A Students who paired in CS1 were more likely to major in CS
(57% vs 34% at NCSU, 25% vs 11% at UCSC, p < 0.01)
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Pair Programming vs. Outcomes

[ Laurie Williams et al., p < 0.018 ]

Table 1: Exam Scores Table 2: Programming Project Scores

Paired Paired Solo Solo Exam Paired Paired Solo Solo
Mean Standard Mean Standard Mean Standard M Standard
Tean

Deviation Deviatio Deviation Deviation
n

Midterm 1 Project 1
Midterm 2 Project 2
Final Project 3

2/6/2023 EECS 481 (W23) i Pair Programming and Skillz



M | MICHIGAN ENGINEERING

UNIVERSITY OF MICHIGAN

Github Copilot

ADespite its advertising, Gi t h Gdpifbtds a code synthesis
and recommendation tool (akin to, but more compléx than,
autocomplete) and Is not pair programming.

Alt is neither a driver nor a navigator.

& GitHub Copilot

Technical Preview

Your Al pair programmer

With GitHub Copilot, get suggestions for whole lines or entire functions right inside your editor.

Signup >
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Agile Criticism

AiThe agile movement i s
teenager: very self-conscious, checking constantl

| N
y its

appearance in a mirror, acceptlng few criticisms, only
Interested in being with its peers, rejecting en block all

wisdom from the past, just because it is from the

adopting fads and new jargon, at times cocky anc

Nast,

arrogant. But | Have no doubts that it will mature further,
become more open to the outside world, more reflective,

and therefor e, mor e ef
o0 Philippe Kruchten, 2011

2/6/2023 EECS 481 (W23) i Pair Programming and Skillz

f ect




MICHIGAN ENGINEERING

UNIVERSITY OF MICHIGAN

Trivia Break
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Trivia: Books and Magic

AEach one of these is either a: Magic The Gathering card
or a Romance book available on Amazon. ldentify four
AiUnl i kel y Al Il i ance 0 [
AiDangerous Curveso
AfiLay Bare the Heart ¢
AiHonor 6s Pricebo &
AiBl azing Hopebo
AiDesert RoguesoO
AiRogueds Passagebo
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Trivia: International Business and Social
jan A Redan o0 ),
Nged a 893, L0 )

ornin 1 IS a Chinese
businesswoman and investor T
credi ted with be¢e 00

oungest female billionaire .:
¥$_8_.2 USD in 2015). She
Initially rose to fame from the
popularity of a wholesome
prhotogra_ph osted to Baidu
(

leba. Give her nickname

).
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Trivia: US Political Commentary

AThis Jon Stewart protégé started in improvisational
tehater, worked at Second City, and Is a fan of
Catholicism and Tolkein. Associated with a Bump, a
Rally, a SuperPAC, and a White House
Correspondent 0s Associ at
and commentator has received nine Emmies, two
Grammies, two Peabodies, and has written a #1
best-selling book.

PRI, SRS NG
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Trivia Geography

AThis northeastern Italian
city Is situated across a
group of over 100 islands.
The land areas are
separated by canals and

iInked by hundreds of

bridges. Once the capital of

Its own Republic, it is also

nome to the Bridge of

Sighs.
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Psychology: Intelligence?

Aln psychology, g ( ) is a
variable that summarizes positive correlations among
cognitive tasks. It typically accounts for 40-50% of
between-individual performance on many different
cognitive tests. The most widely-accepted modern
theories of intelligence incorporate fit.

AProblem: If you are not careful, you mistakenly measure
socioeconomic status (etc.) instead of intelligence.

Alnterestingly, g is highly . How?

2/6/2023 EECS 481 (W23) i Pair Programming and Skillz 31



MICHIGAN ENGINEERING

UNIVERSITY OF MICHIGAN

Psychology: Natural Experiment

AWe can study parents, children and cognitive
ability €& but how do we
socioeconomic status and parenting choices?

Aldentical twins share 100% of their genes
AFraternal twins share ~50% of their genes

ATwins reared together share certain environmental
aspects (e.g., religious practices at home)

: however ¢é& !
ASeparated at birth, adopted by different families
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M
Psychology: Minnesota Twin Registry

ATracks over 8,000 twin pairs for use in psychological studies

AEarly study by T. Bouchard found that identical twins reared
apart had an equal chance of being similar to their co-twins
In terms of personality, interests, and attitudes as twins
reared together

A Differences must be due to the environment

A Similarities are likely due to genetics, especially if twins share trait X
far more often than others
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Psychology: Twins Reared Apart

A70% of variance in 1Q was found to be associated with
genetic variation

AOn temperament, occupational and leisure-time
Interests, social attributes, monozygotic twins reared
apart are as similar as monozygotic twins reared
together

A Study carefully controls for SES, pre- and post- reunion
contact, parent education, etc.

[ Bouchard, Lykken, McGue, Segal, Tellegen. Sources of Human Psychological Differences: The Minnesota Study of Twins
Reared Apart. ]
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M
Psychology: Twins Reared Apart

Aié does not detract from the
parenting, education, and ot
AR MZA twins are so similar in

their identical genomes make it probably that their effective
environments are similar. Specific mechanisms by which
genetic differences in human behavior are expressed in
phenotypic differences are largely unknown. It is a plausible
conjecture that a key mechanism by which the genes affect
the mind is indirect, and that ggenetlc differences have an
Important role in determining the - cholc

of the developing child. Infants with different
temperaments elicit differen
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Psychology: Twins Reared Apart

AThis sort of research continues to this day

Afiwhil e adoption studies have
Influence of the familial environment on 1Q scores of
adolescents and children, few have followed adopted offspring
| ong past the time spent |1 vi
families, tested previously on measures of 1Q when offspring
averaged age 15, were assessed a second time nearly two
decades | ater (M offspring =
estimated to be 0.42 [95% CI

[ Emily Willoughby et al. Genetic and environmental contributions to 1Q in adoptive and biological families with 30-year-old
offspring. Intelligence, Vol 88, Sep-Oct 2021. ]
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Psychology: Heritable Traits

AOne interpretation is
ABe careful!

AAlternatively (abusing math for clarity), if the
correlation of intelligence between twins is 0.7 the
dual is that the environment and your choices
control 30% of it!

AAlso: if effective learning environments exist and
vary between individuals, pay attention as a
manager when directing training
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Skill-based
Interviews
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Typical CS Hiring Process

A Someone at the company, typically a recruiter or an engineer, gets
your resume and puts it into their pipeline

Al'f theydre interested, youoll pro
interviews

Al'f you pass the phone screen, you
the company on-site

A Depending on the companP/, you may then have some follow-up phone
calls to find a team to be placed on

Alf they offer you a job, youdol |
deal possible.

Alf this particular offer is the
accept!

A This can be spread out as much as a month and a half, or as
compact as two weeks.
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Skill-Based Technical Interview Goals

AiThe interview cPr ocess at
(and redesigned!) from the ground up to avoid false
positives. We want to avoid making offers to candidates
who would not be successful at Google. (The cost of

this unfortunately includes more false negatives, which
are times when we turn down somebody who would

h aV e d on 1 THINK WE SHOULD g§| JDOESHE UNDERSTAND )iz [wHAT COLOR DO YOU WANT)

BUILD A BLOCKCHAIN § WHAT HE SAID OR THAT BLOCKCHAINT |

IS IT SOMETHING {

HE SAW IN A TRADE ] [§] T THINK

MAGALINE AD? @ MAUVE HAS
THE MOST
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Googl edos I nformati on
AAre you good at CS? [Skill]

A Can you write and test code?

A Ar% you someone they want writing code they will use and depend
on”

A Can you think on your feet?

ACan you communicate CS concepts? [Behavioral]
A Can you explain your ideas to coworkers?
A Are you someone who would make their team better?

AAre you a nice person? [Behavioral]
A Are you someone they want to work with?
A And are you friendly enough to chat with every day?
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M
Side Quest: Organizational Psychology

A Person-Environment Fit

A How well does an employee match characteristics of the environment. The
environment has lots of things

A Person-Job Fit
A Sort of like do you have the skills to do perform this job

A Person-Organization Fit
A Focuses on shared values and cultures

A Person-Group Fit
A New. Relates to co-worker satisfaction
A How well does co-worker compatibility affect individual outcomes

A Person-Person Fit
A Mentors-Mentees and supervisors-subordinates
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Interview Format

AiFor about 45 minutes vyou
Interviewer, who will present a programming problem
and ask you to work out on

Al nterviewer perspective:
mi nut es o
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