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Learning goals
• Understand the differences among developers and implications 

for hiring and teamwork.
• Describe various models of motivation and their relationship to 

productive work environments.
• Design conditions that motivate developers.
• Understand team development and progression.
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Administrivia
• Reflections.
• Final presentation protocol, video.
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ML for Admissions



GRADE: Machine-Learning Support for Graduate Admissions

“GRADE makes the review process more 
efficient by enabling reviewers to spend 
most of their time on applicants near the 
deci- sion boundary and by focusing their 
attention on parts of each applicant’s file 
that matter the most. An evaluation over 
two seasons of Ph.D. admissions 
indicates that the system leads to dra-
matic time savings, reducing the total 
time spent on reviews by at least 74 per-
cent.”





10X ENGINEERS
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10X Engineers
• Aka “rock-star”, “ninja”



1966 study on online/offline programming 
performance

http://www.construx.com/10x_Software_Development/Origins_of_10X_%E2%80%93_How_Valid_is_the_Underlying_Research_/



“Myth of the Myth of the 10x Programmer”



10x
• Reported as early as 1968 (Sackman, Erickson, and Grant)

o Coding time 20:1
o Debugging time 25:1
o Program size 5:1
o Execution speed 10:1
o No correlation to amount of experience

• "order-of-magnitude differences among programmers" repeatedly 
reported

• Differences not explained by
o programming language
o years of experience
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https://theundefeated.com/wp-content/uploads/2017/08/gettyimages-71496896.jpg?quality=70&strip=info&w=3000&ssl=1
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"During the time I was at Boeing in the mid 
1980s, there was a project that had about 80 
programmers working on it that was at risk of 
missing a critical deadline. The project was 
critical to Boeing, and so they moved most of 
the 80 people off that project and brought in 
one guy who finished all the coding and 
delivered the software on time." 

– Steve McConnell



10x of Teams
• Lotus 123 version 3
• 260 staff years
• 400,000 lines of code. 

• Microsoft Excel 3.0
• 50 staff years
• 649,000 lines of code
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Great programmers
according to Mantle and Lichty
• Intuitive sense for structure
• Discipline to design before code
• Write concise, clear, functional, high-

quality code
• Produce the desired result

• Software as a craft



Challenge
• Find and hire great developers (Does balancing a red black tree 

on a white board correlate with being a better developers?)
• Mentor developers into becoming great developers
• Put processes in place to support developers 



Interview Advice
Look for people who are:
1. Smart, and
2. Get things done.

https://www.joelonsoftware.com/2006/10/25/the-guerrilla-guide-to-interviewing-version-30/



DEVELOPER TURNOVER
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Source: http://www.techrepublic.com/blog/career-management/tech-companies-have-
highest-turnover-rate/; payscale.com data



Turnover
• > 20% turnover per year typical

o average employment 15-36 month

• Costs?
• Reasons?
• Mitigations?



Unfolding Model of Employee Turnover
Organizational Science has studied employee turnover for over 100 
years!

Job dissatisfaction

Shock

Pre-existing 
plan

No pre-existing 
plan

Unsolicited job 
offer



High turnover is expensive
• Hiring overhead

o Costs (1.5 month salary to agency)
o Lost productivity (interviews)

• Getting new developers up to speed
o Unproductive time (~6 month ramp up; 2 years in some estimates)
o Training overhead

• Overhead for maintaining abandoned code
• Tendency to short-term viewpoints
• Premature promotions
• Young inexperienced staff

see also DeMarco and Lister. Peopleware. Chapter 19



Causes of, mitigations for turnover
• Causes (from literature, caveats for tech companies):

o Just-passing-through mentality
o Feeling of disposability
o “Loyalty would be ludicrous”
o High turnover encourages turnover

• Mitigations:
o Environment and culture

§ striving to be "the best"
§ teams

o Investment in personal growth, via retraining, no dead-end jobs
• Advice: enable appropriate processes to maintain productivity despite 

turnover.

see also DeMarco and Lister. Peopleware. Chapter 19



MOTIVATING PROGRAMMERS
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Growth and 
Challenge



Theories
• Maslow’s Hierarchy of Needs
• Herzberg’s Motivation and Hygiene Factors
• Daniel Pink, Drive: The Surprising Truth About What Motivates 

Us.



Maslow's hierarchy of needs (1943)



Herzberg’s Motivation and Hygiene Factors (1960s)

• (aka two-factor theory)
• Different factors for satisfaction and dissatisfaction

o Addressing dissatisfaction does not lead to satisfaction

• Step 1: Eliminate dissatisfaction
• Step 2: Create condition for satisfaction
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Identify Motivation and Hygiene Factors for 
Programmers
• Communication 
• Company policies and 

administration 
• Compensation 
• Ethical management 
• Having fun 
• Interpersonal relationships 
• Job security  

• Learning and growing 
• Making a difference 
• Promotions 
• Recognition and praise 
• Respect for supervisor 
• Toys and technology 
• Upside 
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(Observation by Mantle and Lichty, not empirical data)
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Addressing Causes of Dissatisfaction
• Respect for supervisor
• Having fun
• Learning and growing
• Good working conditions
• Sane company policies and administration
• Ethical management
• Fair compensation

• (often within control)



Addressing Causes of Dissatisfaction (selective)
• Respect as supervisor

o gain technical credit
o respect others
o lead by example
o help solve technical problems
o manage and coach

• Having fun
o out of office play
o celebrations of accomplishments and occasions



Addressing Causes of Dissatisfaction (selective)
• Learning and growing

o protect time for learning
o explore new technologies; prototype
o budget for attending conferences, seminars, inhouse training
o invite guest speakers

• Good working conditions
o plenty of whiteboards
o room for discussions
o Quiet space, Limit interruptions, avoid meeting culture
o cubicles vs separate offices
o fire “jerks”
o free food
o flexible hours, flexible dress, flexible space



Addressing Causes of Dissatisfaction (selective)
• Sane company policies and administration

o communicate frequently (vision, intentions, requirements, schedules, …)
o protect staff from organizational distractions
o protect staff from bad communication practices (establish culture)



Addressing Motivating Factors (selective)
• Making a difference

o worthy goals, longterm vision
o Steve Jobs when recruiting John Scully from Pepsi: “Do you want to sell 

sugar water or change to world”

• Toys and technology
o modern hardware, large screens, phones, …



Addressing Motivating Factors (selective)
• Recognition and praise

o praise loudly and specifically, blame softly/privately
o celebrate success



Why do engineers choose TO JOIN particular 
teams?

Reasons grouped by clustering analysis Percent

Liked new team and/or technology (exciting, manager) 85.8%

Coworker asked me to join (new team, old team) 37.8%

Joined for better opportunities (location, domain, lack of other 
options)

24.5%

Followed my manager (former or current) 14.6%



Why do engineers want to leave their teams?

Reasons grouped by clustering analysis Percent

Change is coming (technology, charter, re-org, turnover) 52.6%
Seeking new challenges or location (role, location, challenges) 39.0%
Dissatisfaction with manager (priorities, goals, person, actions) 31.6%
The grass is always greener on the other side (novelty, escape) 12.3%
Not a good fit (bored, no need for my skills) 5.3%
Poor team dynamics (dysfunctional, no career growth) 4.4%



Autonomy
Mastery
Purpose

Can extinguish intrinsic motivation
Can diminish performance

Can crush creativity
Can crowd out good behavior

Can encourage cheating, shortcuts, 
and unethical behavior
Can become addictive

Can foster short-term thinking

Rewards turn play 
into work and drain 

motivation



Rewards (aka grinding)



Avoid “Gotcha Benefits”
• Fully paid vacations every, 

including airfare
• Three-day weekends all summer. 
• 30-day-paid sabbaticals every 

three years.
• $1,000 per year continuing-

education stipend. (learn anything)
• $2,000 per year charity match. 
• A local monthly CSA (community-

supported agriculture) share
• One monthly massage at an actual 

spa, not the office.
• $100 monthly fitness allowance



CASE STUDIES

17-313 Software Engineering
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Disclaimer: All pictures represent abstract developer groups or products to give a 
sense of scale; they are not necessarily the developers of those products or 
developers at all.



How to structure teams?
• Microblogging platform; 3 friends

17-313 Software Engineering
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How to structure teams?
• Banking app; 15 developers

17-313 Software Engineering
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How to structure teams?
• Mobile game; 

50ish developers;
• distributed teams?

15-313 Software Engineering
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How to structure teams?
• Mobile game; 

200ish developers

15-313 Software Engineering
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How to structure teams?
• Ride sharing app and self-driving cars; 1200 developers; 4 sites

15-313 Software Engineering

48



TEAMS

17-313 Software Engineering
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Necessity of Groups
• Division of labor
• Division of expertise (e.g., security expert, database expert)
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Team Issues
• Social loafing
• Groupthink
• Multiple/conflicting goals
• Process costs
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TEAM ISSUES: SOCIAL LOAFING
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Latane, Bibb, Kipling Williams, and Stephen Harkins. "Many hands make light the 
work: The causes and consequences of social loafing." Journal of personality and 
social psychology 37.6 (1979): 822.



Social loafing
• People exerting less effort within a group
• Reasons

o Diffusion of responsibility
o Motivation
o Dispensability of effort / missing recognition
o Avoid pulling everybody / "sucker effect"
o Submaximal goal setting

• “Evaluation potential, expectations of co-worker performance, 
task meaningfulness, and culture had especially strong 
influence”

55

Karau, Steven J., and Kipling D. Williams. "Social loafing: A meta-analytic review and 
theoretical integration." Journal of personality and social psychology 65.4 (1993): 681.



Mitigation Strategies
• Involve all team members, co-location
• Assign specific tasks with individual responsibility

o Increase identifiability
o Team contracts, measurement

• Provide choices in selecting tasks
• Promote involvement, challenge developers
• Reviews and feedback
• Team cohesion, team forming exercises
• Small teams
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Agile Practices as Mitigation?
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Responsibilities & Buy-In
• Involve team members in decision making
• Assign responsibilities (ideally goals not tasks)
• Record decisions and commitments; make record available
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TEAM ISSUES: GROUPTHINK
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Groupthink
• Group minimizing conflict
• Avoid exploring alternatives
• Suppressing dissenting views
• Isolating from outside influences
• -> Irrational/dysfunctional decision making
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Causes of Groupthink
• High group cohesiveness, homogeneity
• Structural faults (insulation,  biased leadership, lack of 

methodological exploration)
• Situational context (stressful external threats, recent failures, 

moral dilemmas)

63



Symptoms
• Overestimation of ability 

o invulnerability, unquestioned believe in morality

• Closed-mindedness
o ignore warnings, stereotyping
o innovation averse

• Pressure toward uniformity
o self-censorship, illusion of unanimity, …
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Studies Show
• Gender-diverse management teams showed superior return on 

equity, debt/equity ratios, price/equity ratios, and average 
growth. -Rohner, U. and B. Dougan (2012)

• Gender-balanced teams were the most likely to experiment, be 
creative, share knowledge, and fulfill tasks. -Lehman Brothers Center for Women in Business. 
(2008)

• Gender diversity on technical work teams was associated with 
superior adherence to project schedules, lower project costs, 
higher employee performance ratings, and higher employee pay 
bonuses.  -Turner, L. (2009)
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Neurodiversity

https://salfreudenberg.wordpress.com/2016/05/19/why-you-want-an-autist-on-your-tech-team/
https://salfreudenberg.wordpress.com/2016/05/19/why-you-want-an-autist-on-your-tech-team/
https://www.microsoft.com/en-us/research/publication/understanding-the-challenges-faced-by-neurodiverse-software-engineering-
employees-towards-a-more-inclusive-and-productive-technical-workforce/

https://salfreudenberg.wordpress.com/2016/05/19/why-you-want-an-autist-on-your-tech-team/
https://www.microsoft.com/en-us/research/publication/understanding-the-challenges-faced-by-neurodiverse-software-engineering-employees-towards-a-more-inclusive-and-productive-technical-workforce/


Implicit Bias
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We all have shortcuts, 
or “schemas,” that
help us make sense
of the world. But our 
shortcuts sometimes 
make us misinterpret
or miss things. That’s 
implicit bias.



Mitigation Strategies
• Several agile techniques

o Planning poker
o Tests, continuous integration
o On-site customers

• Diverse teams
• Management style
• Avoid HR evaluation by metrics
• Separate QA from development
• Outside experts
• Process reflection
• …
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Practical Help

71



Sidenote: Implicit Bias in Teaching Reviews



Implicit Bias in Teaching Reviews
• Men are more likely to be perceived as more accurate in their teaching, 

competent, organized and professional compared to their female 
counterparts [1, 4, 5, 6, 11, 18, 27, 28, 34, 36, 37, 40, 42].

• A study conducted at Iowa State University by Fan et al. found that 
students who were informed of potential bias rated their female 
instructors higher than those who did not receive such information [32].

http://www.rebeccakreitzer.com/wp-content/uploads/2019/10/Bias-in-Teaching-Evaluations-Policy-Brief.pdf



TEAM ISSUES: MULTIPLE/CONFLICTING 
GOALS
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Incentives?
• Team incentives
• vs individual incentives?
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TEAM ISSUES: PROCESS COSTS
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Mythical Man Month
• Brooks's

law: Adding 
manpower to a 
late software 
project makes it 
later
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1975, describing experience at 
IBM developing OS/360



Process Costs
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n(n − 1) / 2
communication links



Process Costs
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