
Design of a Motivational Model to Enhance Volunteer
Student Group Performance

by

Joseph M Audette

Submitted to the Department of Mechanical Engineering in
Partial Fulfillment of the Requirements for the Degree of

Bachelor of Science

at the

Massachusetts Institute of Technology

June 2005

MASSAI
0

L

CHUSETS INSTME
F TECHNOLOGY

N 0 8 2005

IBRARIES

© 2004 Joseph M Audette All Rights Reserved

The author hereby grants to MIT permission to reproduce
and distribute publicly paper and electronic copies of this

thesis document in whole or in part.

Signature of Author ................-..........................
p4r 1f Mecjavcal Engineering

May 6,2005

Certified by..C ertifi ed by ............. ................ .... . ........ . ... . . . ........... ...... ................
Daniel Frey

Professor of Mechanical Engineering

A~,~,~o v,,Thews 
Supervisor

ArrantPHh-.
............................ ..... . - ....

Ernest Cravalho
Professor of Mechanical Engineering

Chairman, Undergraduate Thesis Committee

1

. . .

.1 - 1-F - -Y .........................................................

�flqh I,-



Design of a Motivational Model to Enhance Volunteer
Student Group Performance

by

Joseph M Audette

Submitted to the Department of Mechanical Engineering on May
6th, 2005 in Partial Fulfillment of the Requirements for the Degree

of Bachelor of Science in Mechanical Engineering

ABSTRACT

Motivation is a subject of great interest to managers seeking to improve
overall team performance. Furthermore, motivation has been my greatest
challenge as team manager of the MIT Motorsports Formula SAE team. This
group is composed of volunteer students dedicating their time for an extra-
curricular activity. This thesis serves to develop a motivational model unique
to MIT Motorsports with the goal of increasing overall team performance.

MIT Motorsports team dynamics are described through performance
observations and feedback from a survey given to team members. This
analysis is combined with a discussion of traditional and contemporary
theories of motivation to yield a new improved model of motivation.

Conclusions of this thesis are particularly useful for future MIT Motorsports
team managers. While this model is specific to MIT Motorsports, the overall
approach to the universal problem can enlighten any manager seeking to
receive gains from the motivation to performance relationship.

Thesis Supervisor: Dan Frey
Title: Professor of Mechanical Engineering
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1.0 Introduction

1.1 The Concept of Motivation and Performance

The concept of motivation has not been around very long. Managers fifty years ago did not
think about what drives people, but rather were concerned with work specifications and
specialization. If an employee was not producing results, it was because he/she was bored,
lazy, or unfit for the job. Motivation was improperly viewed as a personality trait, either
someone had it or he/she didn't. Managers increased performance through task variety and/or
training. While these practices do improve results, the concept that individuals strive and
work in response to some kind of internal or external stimuli is relatively a new notion. Over
the past half-century, there has been a considerable shift for managers to focus on motivation
in order to increase performance.

So what is motivation? Motivation, in its simplest form, accounts for an individual's intensity,
direction, and persistence of effort toward attaining a goal [91. Intensity is concerned with how
hard a person tries. This is the element most people identify with motivation. However,
intensity alone does not reach goals unless it is channeled in a direction that leads to the
desired result. Effort is the action of the individual to reach a oal, but again, it is directed
effort that is beneficial to the manager seeking productivity. Finally, motivation has a
persistence aspect, since managers want an individual to maintain his/her level of effort in
order to achieve their goals

There are different "motivational factors" which effect levels of intensity, direction,
persistence, and thus effort within each individual. These motivational factors define a
person's "needs structure." Individual needs differ from person to person, and they can also
be influenced by environmental and situational forces. This complexity is why motivational
theory is so widely contested. Traditional and contemporary theories of motivation approach
the individual and the environment differently, and in turn develop different models to help
the manager improve performance. However, the more managers understand what drives
human beings, the more productive organizational settings can be designed.

Motivation is important because it is directly related to performance. Coaches repeatedly tell
their teams: "Winning is 10 percent ability and 90 percent effort." Whether you agree on the
coach's percentage weighting, the fundamental thinking is correct. If the coach was from
MIT, he would write this on the locker room board:

P = f(AxM),

where P stands for an individual's performance, A for ability, and M for motivation [71. Just as
with the example of the coach, the equation suggests that an individual's performance is

1 Motivation is often used interchangeably with effort in literature. While they are quite similar, I define
motivation as the end result, and effort as the action. We can think of effort as the motivated action taken by an
individual.
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2related to the interaction between ability and motivation2. It is therefore critical for managers
to concentrate on this interactionu if they are concerned with increasing performance.

1.2 Intrinsic and Extrinsic Motivation

Now that we have a handle on what motivation is, we can describe the different types of
motivation. Motivational factors play a major role in the theories that will be described later.
These factors can be external, such as compensation, or internal, such as achievement. The
two types of motivation follow from this difference. In extrinsic motivation, rewards provide
satisfaction to the individual independent of the activity itself. In the case of intrinsic
motivation, people value tasks for their own sake.

It is not just enough to identify the difference between intrinsic and extrinsic motivation, but
also discuss the interactions and relationship between the two. Individuals have a complex
need structure of both internal and external motivating factors, as in the case of Maslow's
Hierarchy of Needs (Section 2.2). The interaction between the two types of motivation is also
of interest. A complete discussion of these interactions is not within the scope of this study,
however we will look more closely at the negative effect of using extrinsic rewards to
stimulate an intrinsically motivated individual (Section 2.1.2).

1.3 MIT Formula SAE

The Formula SAE Competition challenges student teams to conceive, design, build, and race
small, formula-style racecars. The competition is sponsored by the Society of Automotive
Engineers (SAE), as well as Ford Motor Company, General Motors, and Daimler-Chrysler.
Restrictions are placed on the car design and powerplant so that the knowledge, creativity,
and imagination of the students are challenged. "Formula" refers to the traditional open-
cockpit, open wheel racecar format. The original competition was begun in 1980 in Detroit,
but has since grown to encompass over 300 collegiate programs with international
competitions in the United Kingdom, Australia, and Japan.

The MIT Motorsports Formula SAE (FSAE) Team builds a new car each year to compete in
the Detroit competition each May. The project encompasses a wide range of disciplines, from
component design to fabrication to business administration. Being such a young team, MIT
Motorsports has had to build their resources from the beginning. For the members of MIT
FSAE, it has never been just about building a car, but rather building an entire program.

The team is composed of anywhere from 10-25 students, depending on what level of
involvement is considered to be a "team member." This is the greatest weakness of the team.
Students of all ages and skill-levels volunteer their free time for this extra-curricular project.

2 It is important to remember that motivation and ability are only part of the performance equation. There are
other factors, such as quality, and skill level which can affect performance. However in the focus of motivation
we will simplify the overall performance equation.
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There is no pay or credit earned for a member's commitment, which cal vary from 3 hours 
week for one person to over 60 hours a week for another. The challenge of the team manager
is to motivate this wide range of effort levels to continually improve the program.

The team began in 2002 with a small but dedicated roup. They were young, and had little or
no experience in building a car from scratch. Their first entry in the 200)3 competition placed
97/132. A technical failure eliminated them from scoring points in any dynamic event but
gave them the necessary experience to move ahead. The team returned in 2004 with a much
improved design and finished 41/127. The 2004 entry completed every dnaic event, a feat
accomplished by only 1/3 of the entire field.

2005 is the first year where team management has been transferred. Nikhil Gidwani, team
founder, has passed on his position to me based on mv dedication, effort, and leadership skills
over the past three years. The team hopes to continue their improvement, not only in their
vehicle design, but also in the professionalism and development o the program itself. As
Chief Powertrain Engineer Jim Cuseo commented at the beginninrg of the )2005 season: "We
had a competitive car [in 2004], but we did not have a competitive program." It was the
consensus o the team that missing critical deadlines was the limiting factor in 2004. This
weakness can be improved by increasing productivity and performance, and this means
solving the problem of motivating a group of volunteer tudents.

Feedback is critical to the manager striving to improve performance. Often times. managers
are misled about the behavior of their groups because they rely on their own perceptions of
the situation 141 Two ways in which managers can do this are through questionnaires and
personal interviews. This study utilizes both methods. A survey was given to the team in order
to receive quantitative and qualitative data about team vision, management, and motivational
factors. This survey will serve to support the assumptions and conclusions made throughout
this paper. A copy of the questionnaire is included in Appendix 8.2.

Figure -I.: MIT NMotorsports Teanm at Comletitionl. Maa 2005



1.4 Team Management

Since this paper serves to give recommendations to future MIT Motorsports Team Managers,
it is important to identify the role(s) of a manager in a team environment. Coldly, a manager is
an individual who achieves goals through other people [8]. It is the responsibility of the
manager to coordinate the activities of an organization such to facilitate attaining goals.

However, there is more to running a team than just achieving goals. In the late 1960s, a
student at MIT, Henry Mintzberg, performed a careful study to determine what managers did
on their jobs. On the basis of observations, Mintzberg concluded that managers perform ten
interrelated roles attributable to their jobs. These roles, or sets of behavior, are primary
concerned with interpersonal relationships, the transfer of information, and decision making.
Mintzberg's Managerial Roles are outlined below in Figure 1.2 [9]:

[9]Figure 1-2: Mintzberg's Managerial Roles and their relationship [9].

Mintzberg's managerial roles completely outline a manager's responsibilities. However, in a
goal-orientated and results-driven environment, a manager is chiefly concerned with team
performance. According to Mintzberg, the responsibility for a manager to facilitate
performance is through his/her role as a leader. As a leader, a manager is responsible for the
motivation and direction of the team. A good manager is not often called a "good motivator,"
but rather a "good leader." Just as in our case with motivation, it is not clear what makes an
effective leader, and the connection between leadership and the motivational responsibility
supports confusion. "How does a leader produce results?" is more often the question than
"How does a manager motivate his team."
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An effective team manager leads a team to results through motivation. Mintzberg outlines the
complete roles of a manager, but we will limit our discussion to the role of leadership. An
effective manager is a good leader, an effective leader yields performance, and we have
already introduced the connection between motivation and performance.
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2.0 Common Motivational Theories

Over the past fifty years, several main theories have evolved to explain the concept of
motivation. As stated earlier, the concept of motivation is rather complex, involving both
an individual's unique motivational factors and his/her interaction with the situation.
Theories have evolved from a simplistic approach involving only a cause and effect
relationship (Behaviorism) to comprehensive theories which account for an individual's
interaction with the situation (Expectancy Theory).

Behaviorism states that all human's actions are dependent on consequences. This
motivational theory relies heavily on extrinsic rewards to produce results. We will
challenge this theory and the use of rewards towards improving team motivation.
Contemporary motivational theory began with Abraham Maslow's Hierarchy of Needs.
Maslow expands upon behaviorism by giving the individual some control over their own
decisions as well as increasing the importance of intrinsic motivation. Finally we will
discuss expectancy theory, the most comprehensive contemporary motivational theory
that will be later modified to design the MIT Motorsports motivational model.

2.1 Behaviorism

2.1.1 Fundamentals of Behaviorism

The idea behind behaviorism is an extension of Thorndike's basic law of effect: "Do this
and you'll get that" [11]. The notion that rewards can be used to stimulate behavior has
been around forever, but behaviorism takes that a step further, and dictates that all
behavior is dependent on consequences. Behaviorism states that humans do not necessary
control their responses but rather are controlled by outside factors.

Rewards or incentives are used in order to elicit a desired response. If this process is
repeated, the aggregate sum of these responses can create a behavioral pattern. There are
two different manners in which subjects "learn" behavior responses, through classical or
operant conditioning.

Classical conditioning can be analogized though the classic example of Pavlov's Dogs. A
dog's natural response is to salivate whenever it smells meat. By ringing a bell every time
a dog smells meat, the dog will begin to associate the bell (an external stimulus) with the
natural response. Classical conditioning occurs when the dog salivates when the bell is
rung in the absence of meat. A behavior has been elicited through the association of an
external stimulus, demonstrating the power of behaviorism.

In contrast, operant conditioning is concerned with an external stimulus following the
natural response. In the classic case of Skinner's Rats, rodents navigate through the maze
in order to receive an award of cheese. The rat's natural behavior is to navigate the maze
and the stimulus is the cheese. This is the basis for Reinforcement Theory, which is
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simply the scientific explanation of the Law of Effect. Operant conditioning is so
commonplace, in fact, that Alfie Kohn coin the term "pop" behaviorism because of its
integration into common society. Kohn describes this notion as ". . . so deeply rooted that
it feels to us like plain common sense" [3]. However, as we'll soon see, reinforcements
and pop behaviorism can in fact have negative implications on team performance.

2.1.2 The Case Against Rewards

Managers embrace pop behaviorism when they use rewards to get quick results. Society
has embraced this notion to the point where no one questions its overall long-term
effects. Take for example, the mother who gives her screaming toddler a lollipop at the
grocery store to quiet down. What has the toddler learned? The mother is reinforcing this
negative behavior, not eliminating it. The mother may enjoy a small amount of quiet
time, but through operant conditioning the toddler will now associate screaming with the
end result of getting a lollipop. The mother has not set herself up to enjoy any future
supermarket errands.

Kohn gives a solid explanation for the popular adoption of pop behaviorism:

"There are identifiable reasons to account for [pop behaviorism's]
popularity, beginning with the belief systems already in place which it
compliments . . . A nation of busy pioneers and entrepreneurs has no
time for figuring out the source of the problem; much more compatible
with the American spirit is a simple declaration that would seem to
assure results: 'Do this and you'll get that' [3].,

Managers are too busy to be concerned with theories, and thus will favor more practical
techniques to get the job done. I can validate this myself, since I spent considerable more
time pushing the team towards deadlines rather than improving the overall team dynamic.

But if rewards continually produce results, does this prove that reinforcement theory
works? The negative effects associated with pop behaviorism appear over a longer period
of time. Operant conditioning demonstrates that the more rewards are used, the more they
will become necessary. Furthermore, over time, it may require more rewards to produce
the same response. Let's look back at our example of the screaming toddler. Through
operant conditioning, the toddler will begin to associate disruptive behavior with the
reward of a lollipop. However, after several visits to the store, it may require a lollipop
and a toy to quiet the child. The use of rewards does not solve the root of the problem,
which is the child's behavior. In just the same manner, managers should focus on the
means (in our case motivation), rather than the end result.

The theory of behaviorism demonstrates that individuals are motivated through the
expectation of rewards, or reinforcements ("Do this and you'll get that"). However, there
is a strong case to be made against the practice of using rewards to motivate your group.
In the long run, behaviorism can limit, rather than improve, the manager's ability to elicit
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performance. The team will become dependent on rewards, rather than motivated to
produce results. Advancements in the ideas of behaviorism have yielded stronger theories
of motivation which can be better utilized by managers.

2.2 Maslow's Hierarchy of Needs

The basis of most contemporary motivational theories is Abraham Maslow's hierarchy of
needs. This well-known traditional theory hypothesizes that within every human being
there exists a hierarchy of five needs [8]:

1. Physiological: Includes hunger, thirst, sex, and other bodily needs.
2. Safety: Includes security and protection from physical and psychological harm.
3. Social: Includes affection, acceptance, and friendship.
4. Esteem: Includes internal esteem factors such as self-respect, autonomy, and

achievement, and external esteem factors such as status, recognition, and
attention.

5. Self-actualization: The drive to become what one is capable of becoming includes
growth, achieving one's potential, and self-fulfillment.

In Maslow's hierarchy of needs, every individual weighs these needs in a different order
of importance. As each of these needs becomes substantially satisfied, the next need
becomes dominant. As Maslow himself explains: "When a need is fairly well satisfied,
the next prepotent (higher) need emerges, in turn to dominate the conscious life and to
serve as the center of organization of behavior [5].,, Therefore, a manager looking to
motivate someone, according to Maslow, simply needs to understand what level of the
hierarchy that person is currently on and focus on satisfying those needs at or above that
level.

Maslow's theory has been highly contested, and research has developed more valid
theories to explain motivation. However in any discussion of motivation, it is important
to introduce Maslow's theory because it has laid the foundation from which
contemporary theories have grown.

2.3 Expectancy Theory

Expectancy theory is a contemporary theory of motivation which links both intrinsic and
extrinsic motivational factors, and gives control to the individual to weigh these factors to
determine their ultimate behavior.. While the strength of this theory is still being tested
and refined, it represents a comprehensive approach to understanding motivation.
Particularly for our case, expectancy theory is a useful tool for managers seeking to
improve motivation within organizations. Expectancy theory can be applied to various
situations and conditions, and it is this robustness that makes it so beneficial to our
application.

The theory is based on a number of specific assumptions about the causes of behavior in
organizations [4]:

13



1. Behavior is determined by a combination of forces in the individual and forces in
the environment.

2. People make decisions about their own behavior in organizations.
3. Different people have different types of needs, desires, and goals.
4. People make decisions among alternative plans of behavior based on their

perceptions of the degree to which a given behavior will lead to desired outcomes.

The last assumption begs some explanation. In simple terms, people tend to do those
things which they see as leading to desirable outcomes and avoid doing those things they
see as leading to undesirable outcomes. Therefore, expectancy theory dictates that
people's motivational level is dependent on the situation they are in and how it fits their
needs.

In expectancy theory, people make decisions based on the probability that their effort will
lead to results. These results can involve three distinct sources of value to an individual:
value associated with the behavior itself, value associated with accomplishment, and
value associated with rewards presented by others. Just as with Maslow's hierarchy of
needs, expectancy theory incorporates both intrinsic and extrinsic motivational sources.
R.J. House has developed the most complete expectancy model which incorporates all
three of these sources of value [2]:

M = IVa + (P)i (IVb ) + (P2 )(EV)]

where
M = task motivation

IVa = intrinsic value associated with task behavior
IVb = intrinsic value associated with task accomplishment
EVi = extrinsic value associated with task accomplishment
P1 = perceived probability that one's behavior will lead to

accomplishment of the task
P2 i = perceived probabilities that one's task accomplishment will lead to

external rewards

Expectancy theory gives the individual more control over their actions than both
behaviorism and Maslow's hierarchy of needs. In this model, the individual estimates
their own utility, which influences behavioral decisions. While at first glance this
equation may seem complicated, it is helpful to understand the different components that
define expectancy theory and their interactions.

Motivation is our focus in the larger goal of enhancing group performance. So how does
expectancy theory relate motivation to performance? Figure 2.1 graphically depicts the
relationship of motivation to performance in terms of expectancy theory:

14



Ability

Motivation Effort Performance -' Rewards

Figure 2-1: Expectancy Motivation to Performance Model [6]

The coach's relationship of motivation to performance from our introduction is
elaborated upon here in House's expectancy theory. This model states that a person's
motivation is a function of the probability that one's effort and performance will lead to
favorable outcomes (rewards). This model expands our original relationship of
motivation to performance, and thus gives insight to managers seeking to formulate
specific strategies for changing motivation to increase performance. We will make use of
this comprehensive model for our own design for MIT Motorsports (Section 4.1).
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3.0 MIT Motorsports Team Dynamics

Before we design a new motivational model for the MIT Motorsports team, we must first
take a closer look at the team dynamics and asses overall team performance. With an
understanding of team behavior, we will be able to move ahead with the design of an
improved motivational model.

3.1 MIT Motorsports: A Special Case

If the MIT Motorsports Formula SAE team was like any other organization, there would
be no interest in this thesis. As stated earlier, MIT Motorsports is comprised of students
volunteering their time for an extra-curricular activity. This makes MIT Motorsports
different from the organizations which underlie the common motivational theories
described above. For this reason, managers seeking to increase performance need to
design an alternate model from the ones already described.

3.1.1 Motivation in Volunteer Organizations

Volunteers enter into an organization based on their own free will. The members of MIT
Motorsports do not receive any pay or academic credit for their commitment to the team.
Rather, interviews with team members have identified three common motivational
factors: a desire to learn, a desire to apply skills, and an appreciation for racing and
automobiles. Research has shown that students find inherent satisfaction in some of their
tasks, which drives them to learn [10]. Other volunteers are simply looking for a chance to
exercise and develop their skills, particularly in fabrication. Finally, many team members
simply find racing and cars cool and interesting, and want to be surrounded with those of
like interests.

Whereas the motivational theories we described earlier account for both intrinsic and
extrinsic factors, in the case of MIT Motorsports, team motivation is dominated by
intrinsic qualities. This is consistent with most volunteers, but creates a much more
difficult problem for the manager trying to enhance performance.

As described in Section 2.1.2, there can be a negative correlation between extrinsic and
intrinsic motivation. One such situation where this is especially true is in the case of
volunteer organizations. Team members are motivated by intrinsic factors: satisfaction
growth, and personal interest. There is no need for external forces, in the form of
rewards, or "carrots" to elicit performance. Managers who utilize extrinsic motivators to
stimulate intrinsically-motivated individuals are only serving to destroy their future
capacity to increase performance.

3.1.2 The MIT Mentality

16



A short discussion must be made regarding the MIT student. This is not based on any
tangible research, but rather on personal observation (being a student myself). I will limit
my discussion to simply MIT students, but I feel as though it can be expanded to describe
most college students.

We have seen that in expectancy theory individuals estimate the probability that effort
will yield certain results. In the case of MIT Motorsports, the motivational factors which
drive team members are only a small facet of the overall need structure of the student. To
put in terms of Maslow's hierarchy, a team member may have a hierarchy of needs
specific for the team, which in turn is only a single tier in a much larger hierarchy of
needs.

MIT students have a rather large and developed hierarchy of needs. Students strive for
success in the classroom, success in their extra-curricular activities (which can often be
numerous), and success in their social lives. Conflict occurs through competition between
the different need structures for an individual's time and effort. A student is limited in
their overall capacity to fulfill all their needs. Therefore, just as Maslow states students
prioritize their effort towards the highest level need. Since time is a limiting factor for the
student, often times this practice leads to putting off certain needs until the last moment.

This is a much more complex situation than that described in most motivational theories.
The most comprehensive theory to date, expectancy theory, does not taken into account
the effect of one need hierarchy on another. This challenges the team manager not only to
enhance motivation within the team, but also compete with a student's other
commitments.

3.2 Performance Observations and Analysis

Now that we have an understanding of the driving forces and unique conditions of MIT
Motorsports, we can evaluate the current performance of the team. We will assess the
performance of the team based on three observable characteristics:

1. Team adherence to schedule
2. Effort Levels
3. Team Vision

These observable characteristics are chosen based on their importance to the team. MIT
Motorsports has been hurt by missing deadlines in the past and can therefore relate team
performance this year to adherence to our schedule. Performance was observed by
recording average effort levels over the course of the year. MIT Motorsports is a young
program, still coming into itself. Therefore a unified team vision was an important factor
to keep the team on target throughout the year.

17



3.2.1 Team Adherence to Schedule

The main weakness of the 2004 team was missing critical deadlines. The racecar was
ultimately completed for the competition but only in a rushed manner a few weeks before
the race. This effected quality, and required a great sacrifice by many team members in
the weeks leading up to completion. However, the relative success at the 2004
competition (41/127 finish) served to motivate the team to outline a detailed schedule for
2005:

Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun- __ _I,, ,,;j,, ,, ,, I I -I
I' I I4 _ _~~~~~~~~~~~~~~~~~~~~i!?.:.!'f .!§.::,,. ' . '',

AA A18-22 May
A 2005 Design Phase Formula

SAE
DRI DRII FDR 2005

Vehicle
fl~~~~~~ ~Launch

Chassis Build Manufacturing
DRI - First Design Review Begins Complete

DRII -- Second Design Review
FDR - Final Design Review A A

Rolling 
Chassis

A 2005 Testing-

Figure 3-1: 2005 Schedule

Due to a lack of sustained effort (which we will discuss shortly) combined with
fabrication complications, deadlines were missed again for 2005. The team completed the
car a month after its scheduled completion date (May 7 th) This month took away
valuable time from the testing period in preparation for the 2005 competition. While the
2005 car was completed several weeks ahead of the 2004 schedule, the goals outlined
above were not fulfilled.

The 2005 schedule and relative deadlines were organized by the team management but
agreed upon by the entire team. As stated earlier, the relative success at the 2004
competition motivated the team to continue their improvement in 2005 and strive for a
Top 20 placing. This is a lofty goal for a team in only their third year in a competition 25
years old. The 2005 schedule, while aggressive, was developed to fulfill this team vision.
Missing deadlines is an indicator that the team may not have been completely unified in
this overall vision. While the team may have believed in the end goal, they did not
understand the intermediate steps necessary to achieve this end result. The manager
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should have been more involved throughout the course of the year, developing short-term
milestones to keep team members on task.

3.2.2 Effort Levels

As discussed earlier, performance is a function of ability and motivation. However, there
is not an inherent concept of time in this equation. The intermediate steps missing from
the above schedule require a sustained amount of effort over time. Section 3.1.2
described the MIT Mentality. Students have too many responsibilities and must prioritize
and concentrate their effort on the most critical task. More often than not, this means that
tasks are put off until the last moment. This limits overall team performance. Throughout
the year, team effort was observed and an estimated average for each team member's
contribution was recorded in a log. These observations are depicted in Figure 3.2, and
depict average effort over the course of the year:

Figure 3-2: Average Effort over Time

From looking at the graph, especially in direct comparison to the team schedule (Figure
3.1) increased effort levels are typically seen around large team milestones. These "hard"
deadlines serve to motivate the team and raise the commitment in team members'
"hierarchies". The effect of competition with other commitments is also noted by the
heightened effort levels during LAP in January, when students have no class.
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Figure 3-3: "Hard" deadlines serve to push the team to fulfill goals. hul often at a cost of high stress
and fatigue.

A variable work ethic does not produce good results. n terms o team dynamics, it has
further negative effects by creating a division within the teamn-. While some team
members d(o maintain relative constant levels of effort, others repeatedly postpone their
tasks until the last moment. This forces them to work late nights i order to accomplish
their g(oals. These individuals have created a social distinction because of their late nigIht
sessions. dubbinLr themselves "The Niht Shift." While these individuals are some of the
hardesl working and most silled individuals on the team. less, bul sustained, effort
level over time would yield better results with less stress and latiraue (depictec above as
the green line).

Tilhe division within the teami arises because there are multinie cfi-rt level (iver a(
critical liLtestol-ncs tll'ougilouit the yar. Wiilc I the nigohi ;lair; di-anaiicillc , iiil'-ca:e: tthelii

effort levels during these critical periods, other team members wili simply be maintaining
their constant level of effort. However, because these individuals co not visibly increasc
tineir ieftorl level>, this is seen negativeiy by those who co. This, crcaies: ail uneasy tensiol)
between the two roups. which hampers comLmunllication and unity. Furthermore, respec!
is. given to those individuals; who, stepF up thcii effcort lvels. and dCisr-upts: the baianct of
:.,t th:i.'y a'! p ownnx 'er i!. te' tea r .



Figure 3-4: A few of the Night Shifters pose proudly with the 2005 car. While variable effort levels
are not good practice, they get the job done.

3.2.3 Tenam Vision

We have already discussed the MIT Mentality and how that can compete with nmembers'

effort levels over time. However, we have alsc) seen the split that calln grow within the
team because of various effort levels. For good performance, tile team must be unllified il
their direction towards their goals, this is the team vision

Inl the survey given to the team-l, melmbe-rs were asked wh11 they fell the vision of thel teai
was. SamIpies of some responses are givell below:

"M/v ision i, vi? C fic'ici/ tl 1 H'ith iIlmoV,(tian. qula/it' (ldeigi, aCd
('(.uIstructioz. c(n Cln attitutd' a/pJ)C'S.v'i(Ialisic.

"A social. innovative FSAE tIeani tlhat us it' Stldi(' (1r11/l cso''(frsc" to(
c.xplore neir' cin in ESAE.

I-llV'. fain. Build ca. Wi1 (C0,(t 1111i,.

"/ u'i; (a1/ ol'pt11liir.

Cieary, tlea;n meniben,; have a range oF' i'duas o what l tiel it [\ I ' OtrsprS iCtall it(ol

i:. Fior the most part, these ideas canll h separaIlted i1(', i/w) diferelim verall visltn::. Tiheit
iS one groitLIIp o1 th'' team that believeu t team! vision should b to)wards ll aoi'()uld

improvemeit. ad gro)wtlh (as see i t irs two colllmenllts; The ,ecotmd lroup i,, ,vie

concerned with the compeliti V'e aseci' o' the tleam. and strivin ',.) lv wiNt-.



In the survey, team members were asked to measure, on a scale from 1-10, how much
they felt the team was unified in their direction and vision (with 10 being completely
unified and directed). Overall, the team rated unification towards their particular vision at
5.8/10. However, an interesting conclusion is drawn if we separate the two different
visions and observe the relative ratings subjects gave in each case:

Figure 3-5: Average Measure of Team Unity Towards Vision

It is clear that those concerned with growth do not feel that the team is unified towards
such a vision (3.3/10). On the contrary, team members concerned with winning feel as
though the team is more unified (6.8/10). This difference could be attributed to relative
team members' maturity and experience levels. Senior team members with several years
invested in the project could have a much broader vision than newer, younger members.
Experienced team members realize that in order to win the competition there must be
growth in all aspects of the program. A great car does not, however, guarantee a win.
While maturity seems like a valid parallel to make, this cannot be verified because
personal information was not gathered on the surveys.

For the manager focused on improving team performance, the difference in team vision
must be resolved. In order to meet goals, the entire team must be unified in reaching these
goals. It is the manager's responsibility to lead the team towards a unified vision. This
difference is a significant weakness of the team, and will lead the design of our
motivational model.

3.2.4 Performance Analysis

Overall, the team has performed relatively well this year. Critical deadlines were missed,
but the team consistently worked ahead of the previous years' schedules. Furthermore,
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the team worked with a higher level of quality and pride than in previous years. At this
point in the program, the team understands what is necessary to improve. However, we
lacked the experience and understanding of the necessary effort to compete at this higher
level. I think the biggest accomplishment of this year is gained from our failures. We now
understand the necessary effort required to achieve our greater goals, and therefore the
team will be able to strive towards those goals in future years.

This is analogous to the improvement process seen in the first three vehicle designs. 2003
was a learning tool. The challenge here was just to complete the car for the competition.
In 2004 we learned what designs worked, and applied them to a much more refined, but
slightly over-engineered vehicle. In 2004 we had a solid design concept, just poor
implementation. This is exactly what has happened this year as far as program
performance. We have a solid design (vision), but we lack the expertise to follow-through
on our design. Just as the 2005 vehicle is an optimized design iteration of the 2004 car, I
feel as though next year will be an optimized performing group based on the lessons
learned from this year.

One team member grasps this idea in a response on the survey:

"This year, I believe, was the first, small and often difficult step, in
transforming MIT FSAE from being in the competition to being
competitors. This year has really begun to pave the way for MIT to be
champions in the next 3 or 4 years.

3.3 Motivational Factors

While it is important to observe team performance, in order to improve motivation the
underlying motivational factors must be identified. This is one example where
questionnaires can become very beneficial to team managers. It is clear that what
motivates one person does not necessarily motivate another. Identifying these factors is
the biggest challenge for managers looking to increase team motivation. Once these
factors are identified, a strategy can be developed to enhance them.

Just as in the case of team vision, several clear categories of motivational factors surfaced
in team interviews. These factors focused on the opportunity for future jobs from
involvement in the program, the "cool factor" of racing, and the challenge in simply
building something and developing one's skills. These factors where then used in the
team survey to get a clearer understanding of what "drives" MIT Motorsports. Members
were asked to place an "X" between three points on a triangle to correspond to the
relative force(s) which drive their commitment to the team. The results of this survey are
outlined in the following triangle:
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Future Career
Opportunities

Development/Applicati
of skills
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itomotive/Racing
Interests
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Figure 3-6: Summary of Team Motivational Factors

Although results are not overwhelming, there is a trend towards the overall "cool factor"
driven by an interest with racing. This supports the earlier conclusions from measuring
team vision. Team members concerned with a growth vision will be more driven by
development of skills and future career opportunities. Team members striving for a win at
the competition are more involved because of their competitive spirit. The team manager
should exploit this data, using the excitement of the program to motivation members to
increase effort levels.

3.4 Flow of Authority

In any organization, there is a direct relationship between commitment, respect and
leadership. In terms of a volunteer organization, this is particularly critical to a manager's
role because he/she has little "real" power over the volunteers. There is no external
accountability to hold against individuals. Often times this means the manager must rely
on his/her personal relationship and affiliation with the team in order to assert control.

On the MIT Motorsports team, respect is given to the hardest working individuals. This
dynamic is supported by equity theory, which states that individuals compare their task
inputs and outcomes with those of others and then respond to eliminate any inequities [8]
Therefore, the hardest working individual(s) will have the most control over the actions
of others. However, as we have seen in the case of the Night Shift, if the manager's effort
level does not increase along with the greatest contributing members on the team, this
will be viewed negatively on the team and power will shift.

This makes it difficult for managers to maintain their authority level, especially in the
sensitive situation with volunteer team members. Furthermore, there is another issue
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created by the idea of team member visibility. "Effort" is often misconstrued as visibility,
and therefore respect. Effort should be determined by results and not by face time within
the team.

Tension is generated between management and the team because of the difference in
perceived commitment. While the team management wants to see a constant effort level,
the team expects the authoritative figures to work as hard, if not harder, than them at all
times. The team often does not understand the amount of extra work required by the
management team outside of the shop, and likewise the management team oftentimes
does not recognize the team for their extra efforts at critical periods. The two sides
become frustrated at each other, which can lead to further conflict and division within the
team.

In a volunteer group, motivation is almost entirely intrinsic; there are no structured
external rewards. Therefore, team members will become emotionally involved with the
project. Team managers need to understand this and dictate their actions to circumvent
their own emotions. In this manner, effective managers can utilize the team's emotions
rather than conflict with them.
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4.0 Improving Performance in Volunteer Student
Organizations

We have outlined traditional and contemporary theories of motivation. These theories can
be utilized by managers to improve the performance of their organization. However, the
MIT Motorsports Formula SAE team is a unique organization: a volunteer student group.
The special case of MIT Motorsports requires a different approach then found in the
theories previously discussed. This alternative approach will be a modified model of
expectancy theory, and can be used by future team managers to enhance and increase
performance levels.

4.1 The Motivation-Performance Relationship

Expectancy theory is the most comprehensive contemporary theory of motivation. It
includes both intrinsic and extrinsic motivational factors, and accounts for individuals'
ability to make conscious decisions of their behavior. Expectancy theory is an example of
cognitive-evaluation, stating that individuals make behavioral decisions based on their

[2]
perceived evaluation of probable outcomes [2]

In the case of MIT Motorsports, team motivation is driven by intrinsic qualities (Section
3.3). We have also discussed the negative effects of applying extrinsic rewards to
individuals intrinsically motivated (Section 2.1.2). Since intrinsic motivation dominates
the members of MIT Motorsports, we will completely eliminate the extrinsic aspect to the
motivation equation:

M = (Pi)[IVa +IVb + IVC + (P2 )(IVd)

where
M = task motivation
P1 = perceived probability that effort will lead to desired intrinsic value
IVa = intrinsic value associated with working on a racing team
IVb = intrinsic value associated with applying and developing one's skills
IVc = intrinsic value associated with future career opportunities
IVd = intrinsic value associated with task accomplishment
P2 = perceived probability that effort required to complete task will lead

to task accomplishment

The three intrinsic factors outlined in section 3.3 dominate the motivation equation. There
is an interest in racing, including a social aspect of being a part of the team that creates
value. It is true of this team, and most educational organizations, that students enjoy
learning in a project that is inherently interesting to them [10]. Therefore they will value
the application and development of their skills for this task. Also, it was noted in
interviews that team members are also motivated by future career opportunities
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associated with their involvement in the program. Finally, an additional form of intrinsic
motivation is included to account for the value created with task accomplishment. This
phenomenon is witnessed with increased effort levels as the car nears completion. It is
this factor that motivates team members for the "final push" to get a running car.

Now that we have a motivational model of the MIT Motorsports team, we need to
establish the motivation to performance relationship unique to this equation. Expectancy
theory elaborates on our coach's simplistic relationship between performance, and
motivation. Likewise, we will extend the comprehensive expectancy model to incorporate
the unique dynamics discussed in Section 3.0:

Ability 

Sustained 

Effort i Team > beIntrinsic
Motivation - --------- 1::7--> Performance Rewards- IVariable

' T ---' : Effort T
I .... I

MIT Direction -
Mentality 4 Team Vision

Figure 4-1: The MIT Motorsports Motivational Model of Performance

As in expectancy theory, motivation is dependent on the perceived probability of the
intrinsic outcomes discussed above. There are two types of effort put forth by team
members, with sustained effort being the more desirable for quality performance. This
effort is determined by an individual's personality but more so by the environmental
conditions imposed at MIT. Students must prioritize their many commitments, and more
often than not this creates variable, rather than constant, effort levels.

An important aspect of this model is the direction and team vision. The team manager is
responsible for unifying the team in vision. The manager can thus direct the effort and
ability of team members to achieve the highest possible level of performance. Managers
can do this at two points in the model, by first envisioning team members towards
sustained effort levels and directing the skill of this effort to produce results.

4.2 Improving Intrinsic Motivation

Now that we have a complete model of the MIT Motorsports team, we can focus on
specific areas and methods to improve overall performance. Significant research has been
conducted regarding improving intrinsic motivation ill. Although much of this research
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was conducted largely in industrial organizations, the characteristics of tasks are stated in
rather general terms, and can be made applicable to our unique organization. The
following is a brief discussion of task characteristics that could improve intrinsic
motivation for MIT Motorsports.

Task Significance

In order to increase intrinsic value within an individual, greater task variety can be used
to maintain member interest. This procedure is often used to limit boredom associated
with repetitive tasks. While MIT Motorsports has plenty of excitement, it is important for
all members to have identity with the project. Increased satisfaction comes from
involvement in the end task (everyone needs to be able to "point to their spot on the car").
It is important for the manager to allow all members to be involved in the car production,
even if it is only a small portion. This is particularly important with motivating new
members, and was achieved very successfully this year with involvement of several new
members on the intake group. Task variety and identity can increase perceived
significance in task accomplishment.

Social Interaction

MIT Motorsports is an outstanding group, not only because of our end product but also
because of the personal make-up of the team. The team began with a group of friends
coming together to build a car, but now as the team grows and expands, it is the
responsibility of the team manager to support a new dynamic: a group of car-builders
coming together as friends. Team members derive greater task satisfaction from
interacting and working with others. Take the example of the Nigh Shift. The most
enjoyable times in the shop are the most stressful late nights, because we have all
developed a bond through the mutual struggle. Increased satisfaction can come as a result
of fostering social interaction among team members.

Knowledge of Results

Knowledge of results, or feedback, can also be used to improve one's intrinsic
motivation. If an individual receives no feedback on the quality of their results, it will be
difficult for him/her to derive satisfaction from this accomplishment. Therefore it is
critical for managers to relate to members exactly how they are doing, and vice versa.
Communication between management and the team is the link for information exchange.

Responsibility for Results

From reading the feedback on my management in the survey, one clear weakness was my
implementation of team member accountability. If an individual does not feel responsible
for their task, it is doubtful he/she will place a high value on task accomplishment. The
manager can motivate his team by giving them more opportunity to fail and succeed. In
industry, the autonomy of workers is often increased by allowing them to schedule their
own work activities, decide on work methods, and check the quantity of their own
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output[ 1°] . However, this would be difficult in our own organization due to conflict of
interests with other responsibilities. The team manager must generate responsibility and
accountability while at the same time micromanaging (to some degree) the team
schedule.

Improving intrinsic motivation is no trivial task, as we have witnessed just how complex
the concept of motivation is. The manager must have a good understanding of team
dynamics when developing a motivational strategy. I have given several
recommendations concerning specific actions a manager can take to improve motivation,
specifically intrinsic motivation, but let us now turn our attention to the manager's
position as a whole to conclude our discussion of the bigger picture: improving group
performance.

4.3 Characteristics of an Effective Team Manager

Performance is certainly a function of more than just motivation. Although this thesis has
focused on using motivation to improve performance, this thesis also serves as a resource
to future team managers in their challenging positions. To this point our
recommendations for managers have been limited to motivational strategies, and while I
do not want to diminish the importance of motivation in performance, an effective leader
must be more than just a motivator.

I have recommended strategies for team managers and described team dynamics for MIT
Motorsports throughout this paper. I will now summarize the characteristics of a manager
that will successfully implement these motivational strategies and increase performance
of the team. These are characteristics that I have concluded over the course of the year,
supported by personal feedback and performance observations.

Respect

Authority comes from respect, as discussed in Section 3.4. Managers must be able to both
earn respect and utilize it. Managers earn respect from the team due to their past
commitment and ability to lead by example. This involves being visibly committed to the
team as well as demanding nothing of the team that they themselves would not do. If the
team respects the hardest working individual, the manager must be willing to step into
this role.

Good Communicator

Communication is critical in every aspect of a manager's job. We have seen how
important team vision is to provide direction to members' efforts. It is the responsibility
of the team manager to communicate this vision to the team. Communication also
facilitates proper feedback between groups, further improving performance. Finally,
communication is part of social interaction, and we have already described those positive
effects. The manager is the spokesperson for the team, and serves as the hub of
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communication etween areas o the group. The manage musLi acilitate g(od
communication in order to have good performance.

Asserli-I'encss

We have not et discussed management styles. and while a complete discussion of
management theory is not within the scope of this project. an effective team manager
must maintain a level of assertiveness. Past team managers. myself included, have at
times been passive. especially with deadlines. This is unacceptable. and managers must
assert mor-e control over the program. This requires respect. and aso giving team
members responsibility and accountability for their actions. A manager must be assertive
from the start, and not allow the team to continue to degrade over the course of the year.

Opuimisin

I am a true believer in the power of a positive attitude. There is no denying the strength of
the human spirit to motivate and drive results. For this reason, the team manager should
facilitate i positive attitude at all times within the team. Attitude goes a long way towards
improving or degrading the social interaction within the team. Positive reinforcement
improves satisfaction in task accomplishment as well as supporting communication and
feedback. An optimistic attitude also helps to foster the team vision of success. To steal a
personal creed: "Will is the only difiference between a dream and a reality." and this sort
of attitude innumerably helps improve intrinsic motivation.

Figure 4-2: Th, 2(005 MIT Molotrsp(rts Teanm



5.0 Discussion

This paper summarizes the lessons and research I have performed throughout my time as
manager of the MIT Motorsports team. It is my hope that this paper will serve as a
resource to future team managers in the continuation and growth of this team. While the
conclusions are not revolutionary, I think the thoroughness and approach of this new
model are just as important as the model itself. Furthermore, I structured this approach so
that insight can be gained by any student-group manager, not just MIT Motorsports
managers. The most difficult aspect of designing this model was developing an
understanding of motivation beyond the common notion of "do this and you'll get that."
Once volunteer managers develop this understanding, and can then lead a similar
approach to their unique program.

Motivation has been my biggest challenge as team manager of MIT Motorsports, which
is why it is the focus of my thesis. I will be the first to admit that I have made mistakes in
judgment and errors in management over the past year. I do not regret anything that I
have done, or rather not done, because this team is still in its earliest stages of
development. We are all learning as we go along, and hopefully this document serves to
highlight some of my errors: I did not make myself visible enough to the team, I did not
practice enough micromanagement to keep us on schedule, and I did not realize the
importance of a unified team vision. It has taken me a full year to realize and understand
some of these errors, and it is my hope that this document will prevent such errors from
being committed by my future replacements.

My father has always emphasized that "an education is what you make of it," and
throughout my time at MIT, my capstone experience has my involvement with this
program. This team has given me experience and skills that have prepared me for my
future career (which, I am happy to say, comes from a connection with the team's main
sponsor).There is a bright future ahead for MIT Motorsports, and I look forward to seeing
the team grow and develop into one of the top programs in the country.

"One team, one dream" - Joseph Audette, 2005
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6.0 Conclusion

The principal intention of this thesis was to develop a motivational model of volunteer
student behavior on the MIT Motorsports Formula SAE team. This group was used as an
example for the application and approach to similar unique groups. This model can be
used by team managers in order to enhance and increase overall performance within their
organization.

The concept of motivation is complex and controversial. While psychologists agree that
motivation is a result influential factors stimulating one towards achieving a goal, there
are countless theories of motivation which differ in their approach to both motivating
factors and the environments. Expectancy theory offers the most comprehensive
contemporary motivational model for our application. It accounts for the ability of
individuals to make conscious decisions about their behavior based upon perceived
probability that their effort will lead to desirable outcomes.

MIT Motorsports is a unique group composed of student volunteers. Team managers
have no direct power over the team because it is a volunteer group. Rather, authority is
given to those who the team perceives as the most committed (puts forth the most effort).
A further unique characteristic of this team is the MIT student mentality. Team members
have conflicting commitments, such as school, other activities, or social lives that
compete with their commitment to the team. Managers must counteract this competition
in order to maintain constant effort levels throughout the year.

The MIT Motorsports team is entirely intrinsically motivated. In fact, external rewards
may degrade the intrinsic value team members put on the project. Such a strategy should
be avoided at all costs. Rather, managers should direct the team vision, develop
accountability, and facilitate feedback throughout the year to improve task
accomplishment and intrinsic value. Managers can use their respect, communication
skills, assertiveness, and optimistic attitude to accomplish their strategy. Improvements in
performance will be seen by increasing intrinsic motivation among team members.

Up until this point, the two past team managers have been founding members of the
original program. We have envisioned this program and shared a vision for its future.
2006 will be the first year in which the team will be led by all "new" members. "New" in
that they were not around during the team's earliest beginnings. It is up to these new
members to create their own vision for this program and support it. We are a young
program with, at this point, no limit to our potential. MIT Motorsports will continue to
improve with improvements in not only the car's design, but also the team's design.
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8.0 Appendices

8.1 Data Logfo Figure 3.2

Week o W"i',. us W 'Hour
Sept 7 Jan 7

7.5 8

6.5 10
5 9

Oct 4.5 Feb 6
4 5
4 6

5 6

Nov 5.5 Mar 9

6 1
1 15

13.5 18
Dec 14 Apr 21

6 22
_ 3 17
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8.2 Copy of Survey

MIT Motorsports Formula SAE
Management Questionnaire
21 April 2005

Participation in this survey is completely voluntary and anonymous. Please be candid
and honest in your responses. Data from this survey will be used to help future MIT
Motorsports Team Leaders.

What is your vision for the team?

On the scale below, mark where you feel MIT Motorsports currently lies in relation to
your vision. With 10 = the entire team is completely united and accelerating toward your
vision, = the team has no vision or direction (i.e. Solar Car).

1 2 3 4 5 6 7 8 9 10

What do you see as the roles and responsibilities of the team manager?

Concerning this year's team management:

What do you feel has been done well?

What do you think should be improved for following years?
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On the chart below, place an X between the three points which corresponds to your
motivating force(s) as a team member of MIT Motorsports.

Future Career
Opportunities

Development/Application
of skills 

(I like to build stuff)

Automotive/Racing
Interests

(It's cool!)

Additional Comments:
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8.3 COUHES Application

12 April 2005

Ms. Judy Medeiro-Adams
Project Coordinator
Committee on the use of Humans as Experimental Subjects (COUHES)

Dear Ms. Medeiro-Adams,

I am writing to seek COUHES approval for a survey experiment to be used to support
findings for my undergraduate thesis: Design of a Motivational Model to Enhance
Volunteer Student Group Performance. My thesis advisor is Dan Frey, Professor of
Mechanical Engineering (danfrey@mit.edu), and he will be overseeing my work and
final thesis submission.

My survey seeks to gain feedback from team members of the MIT Motorsports Formula
SAE team. I currently serve as team manager and I hope to gain some insight on my own
performance as a manager, as well as some of the motivating factors that drive current
team members. I hope to use feedback from this survey to analyze team performance and
relate this performance to team motivation.

This survey will be given to team members during a weekly team meeting and they will
be given an allotted time to complete the questions. I will leave the room during this time
and ask that another team member collect the surveys and place them in an envelope. I
hope that team members will be honest and candid in their responses, and therefore the
survey will be anonymous and voluntary.
Please see a completed version of our survey attached.

I have attached a copy of the survey as I will give it to the team members. If you have
any questions please do not hesitate to contact me at the information below. I look
forward to your approval and the results of this survey!

Thank you in advance for your consideration,

Joseph Audette
Team Manager
MIT Motorsports Formula SAE
617.838.9306
joearlo@mit.edu
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